OPTIMAL TAX PROGRESSIVITY: AN ANALYTICAL
FRAMEWORK∗
JONATHAN HEATHCOTE
KJETIL STORESLETTEN
GIOVANNI L. VIOLANTE
What shapes the optimal degree of progressivity of the tax and transfer system? On the one hand, a progressive tax system can counteract inequality in initial conditions and substitute for imperfect private insurance against idiosyncratic
earnings risk. On the other hand, progressivity reduces incentives to work and to
invest in skills, distortions that are especially costly when the government must
finance public goods. We develop a tractable equilibrium model that features all
of these trade-offs. The analytical expressions we derive for social welfare deliver
a transparent understanding of how preference, technology, and market structure
parameters influence the optimal degree of progressivity. A calibration for the U.S.
economy indicates that endogenous skill investment, flexible labor supply, and the
desire to finance government purchases play quantitatively similar roles in limiting optimal progressivity. In a version of the model where poverty constrains skill
investment, optimal progressivity is close to the U.S. value. An empirical analysis
on cross-country data offers support to the theory. JEL Codes: D30, E20, H20, H40,
J22, J24.

I. INTRODUCTION
In determining how progressive to make the tax and transfer
system, governments face a difficult trade-off. The classic argument in favor of progressivity is that private risk sharing is incomplete. Empirical estimates of the extent of pass-through from
life cycle earnings shocks into consumption indicate limited private risk sharing (e.g., Cochrane 1991; Attanasio and Davis 1996).
Perhaps more important, there are no markets to hedge against
initial endowments that induce low future earnings. A progressive tax system offers both social insurance against labor market
uncertainty (e.g., Eaton and Rosen 1980; Varian 1980) and redistribution with respect to initial conditions.
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At the same time, governments are hesitant to push progressivity too far because of distortions to labor supply and skill
investment. A tax schedule with increasing marginal rates reduces both the returns to working more hours and the returns
to acquiring human capital (e.g., Heckman, Lochner, and Taber
1998; Krueger and Ludwig 2013; Guvenen, Kuruscu, and Ozkan
2014). Moreover, if the equilibrium skill premium responds to
skill scarcity, a more progressive tax system, by depressing skill
investment, may exacerbate inequality in pretax wages and undermine the original redistributive intent (e.g., Feldstein 1973;
Stiglitz 1985).
An additional factor that has an effect on desired progressivity is the need to finance government purchases of goods and
services. Individuals do not internalize that the additional output
associated with working more hours or acquiring more skills allows the government to supply more public goods. This free-riding
problem increases the social cost of a progressive tax system.
In this article we develop an analytically tractable equilibrium model that features all of the forces shaping the optimal
degree of progressivity described above. The environment is an
extension of the partial insurance framework developed in Heathcote, Storesletten, and Violante (2014a). The economy is populated
by households who choose how much to work and face idiosyncratic labor market shocks. Some shocks are privately insurable
and do not transmit to consumption, whereas others are uninsurable and induce consumption volatility. Individuals differ ex
ante with respect to two characteristics: learning ability and the
disutility of work effort. Those with higher learning ability invest
more in skills prior to entering the labor market, whereas more
diligent individuals work and earn more. An aggregate production technology with imperfect substitutability across skill types
determines the marginal product and equilibrium price of each
skill type.
The government uses a nonlinear income tax and transfer
system to provide social insurance and finance publicly provided
goods and services. Net taxes as a function of individual earnings
y are given by the function T(y) = y−λy1−τ , where the parameter
τ indexes the progressivity of the system. The parameter λ determines net tax revenue and thus the share of output g devoted to
public goods. One contribution of our article is to show that this
functional form offers a good approximation of the actual tax and
transfer system in the United States.
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We derive a closed-form expression for social welfare as
a function of τ and g and the structural parameters of the
model describing preferences, technology, and households’ access
to private consumption insurance. We then ask what degree of
progressivity τ would be chosen by a benevolent planner. The planner’s desire to provide social insurance against privately uninsurable wage shocks calls for τ > 0 (i.e., marginal tax rates that rise
with earnings). Similarly, heterogeneity in innate learning ability
and diligence translates into consumption dispersion that a utilitarian planner would like to counteract via a progressive tax and
transfer system. However, the planner understands that more
progressive taxes will lower labor supply and skill investment.
The skill investment distortion depends on both the behavioral
investment response to after-tax skill premia and the equilibrium
response of pretax skill premia to changes in relative supplies of
different skill types. The presence of government purchases constitutes a force toward regressive taxation (τ < 0): the planner internalizes that a less progressive system encourages labor supply
and skill investment and makes it easier to finance expenditure.
After qualitatively inspecting these channels, we investigate their relative quantitative impacts on the optimal degree
of progressivity. The model delivers closed-form solutions for the
cross-sectional (co)variances of wages, hours, and consumption.
We use empirical counterparts to these moments to estimate the
structural model parameters. Under our baseline parameterization, a utilitarian government chooses less progressivity than is
currently embedded in the U.S. tax/transfer system. The optimal value for τ is 0.084, whereas the current estimated value
is 0.181. These values for progressivity translate into average
(income-weighted) marginal tax rates of 26% and 34%, respectively. Switching to the optimal τ yields welfare gains of half a
percent of lifetime consumption. Endogenous labor supply, endogenous skill investment, and the need to finance government
purchases play quantitatively similar roles in limiting optimal
progressivity. In the absence of any one of these three channels,
the optimal τ is substantially higher.
One way to rationalize the empirical degree of progressivity
is to posit a planner who is averse to inequality in lifetime utility
from consumption. Such a planner would choose the current U.S.
τ given relative risk aversion over lifetime utility consumption
equivalents slightly below 2 (this risk aversion coefficient is 1
under our baseline utilitarian objective). We also explore casting
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the choice for progressivity in a political-economic framework.
Here we show that the model features a well-defined median voter
and that this voter would choose notably higher progressivity than
a utilitarian planner: τ = 0.144 versus 0.084.
We consider two extensions of the baseline model in which
we introduce frictions to skill investment. In the first, we prevent existing cohorts from adjusting their skill choice following
tax reform, which effectively allows the planner to expropriate
past investment. In the second, we introduce a “poverty trap”
constraint that prevents poor households from acquiring skills.
Progressive taxation can now expand human capital investment
on the extensive margin while still reducing investment for those
unconstrained. In these versions of the model, optimal progressivity is similar to that observed in the United States.
This article contributes to the Ramsey-style literature
that investigates the determinants of optimal progressivity in
heterogeneous-agents incomplete-markets economies. A closely
related study is Bénabou (2002), with whom we share the
tax/transfer function. Also common to both models is the absence
of trade in noncontingent bonds (a result that can be derived as an
equilibrium outcome in our setting), which helps deliver analytical tractability. Key elements that differentiate our framework
are our multiskill production technology, the partial insurance
structure, heterogeneity in the taste for work, and the presence of
public goods.
Other influential studies in the literature are Conesa and
Krueger (2006) and Krueger and Ludwig (2013). Our environment
is richer than these papers along some dimensions (preference
heterogeneity, public goods, policy effects on skill prices) and more
stylized in others (notably, the fact that wealth is in zero net
supply). The advantage of our framework is that it is tractable, so
the mechanics of how progressivity affects allocations and welfare
are transparent.
Our normative analysis, in the spirit of Ramsey (1927), restricts the search for optimal progressivity within a given parametric class of tax/transfer schemes. In contrast, the Mirrlees
(1971) approach to optimal taxation imposes no constraints on
the form of the tax schedule and focuses on the informational frictions that prevent the planner from implementing the first best
allocation. Solving for constrained-efficient allocations is quite difficult outside simple static environments. Researchers have only
recently incorporated persistent labor productivity shocks (Gorry
and Oberfield 2012; Farhi and Werning 2013; Golosov, Troshkin,
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and Tsyvinski 2016), human capital accumulation (Stantcheva
forthcoming), and imperfect substitutability across worker types
(Rothschild and Scheuer 2013). Our model embeds all of these ingredients yet remains tractable, at the cost of exogenously restricting the class of tax schedules available to the planner. However,
we argue that our parametric specification is sufficiently flexible that the welfare gains from moving to a constrained-efficient
Mirrleesian tax schedule are likely to be small.
Even though ours is primarily a normative exercise, in the
last section we investigate the positive content of the theory by
exploring whether it can help account for observed cross-country
variation in tax progressivity. Consistent with the theory’s prescriptions for optimal policy, we find that tax progressivity falls
with government purchases of goods and services and rises with
appropriate measures of income inequality.
II. TAX FUNCTION
Let T(y) be net tax revenues at income level y. We study the
optimal degree of progressivity within the class of tax and transfer
policies defined by the function
(1)

T ( y) = y − λy1−τ .

This specification has a long tradition in public finance, starting
from Feldstein (1969). More recently, Persson (1983) and Bénabou
(2000, 2002) introduced this class of policies into dynamic macroeconomic models with heterogeneous agents.
The parameter τ determines the degree of progressivity of the
tax system and is the key object of interest in our analysis. There
are two ways to see why τ is a natural index of progressivity. First,
equation (1) implies the following mapping between disposable
(postgovernment) earnings ỹi and pregovernment earnings yi :
(2)

ỹi = λyi1−τ .

Thus, (1−τ ) measures the elasticity of posttax to pretax income.1
Second, a tax scheme is commonly labeled progressive (regressive)
1. Musgrave (1959) refers to 1−τ as the coefficient of residual income progression. As discussed in Bénabou (2000), it has been proven that the posttax income
distribution induced by one fiscal scheme Lorenz-dominates (i.e., displays less inequality than) the one induced by an alternative scheme if and only if the first
scheme’s progression coefficient (1−τ ) is smaller everywhere. See, for example,
Kakwani (1977).
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if the ratio of marginal to average tax rates is larger (smaller) than
1 for every level of income yi . Within our class, we have
(3)

1 − T  ( yi )
1−

T ( yi )
yi

= 1 − τ.

When τ > 0, marginal rates always exceed average rates, and the
tax system is therefore progressive. Conversely, the tax system is
regressive when τ < 0. The case τ = 0 implies that marginal and
average tax rates are equal: the system is a flat tax with rate 1−λ.
Given τ , the second parameter, λ, shifts the tax function and
determines the average level of taxation in the economy. At the
1
break-even income level y0 = λ τ > 0, the average tax rate is 0
and the marginal tax rate is τ . If the system is progressive (regressive), then at every income level below (above) y0 , the average
tax rate is negative and households obtain a net transfer from the
government. Thus, this function is best seen as a tax and transfer schedule, a property that has implications for the empirical
measurement of τ .
Let g denote the fraction of output devoted to public
con
sumption. Assuming a balanced budget, so that gY = T(yi )di,
the average income-weighted marginal tax rate is simply

y 
i
(4)
T  ( yi )
di = 1 − (1 − τ ) (1 − g) .
Y
From equation (4) it is immediate that the average incomeweighted marginal tax rate is increasing in both progressivity
τ and government’s share of output g. When g = 0, the average
income-weighted marginal tax rate is exactly τ .
II.A. Empirical Fit
We now demonstrate that this functional form offers a remarkably good representation of the actual tax and transfer system in the United States.
Because the U.S. tax system allows for numerous deductions
and exemptions from gross income, it is important to distinguish
between statutory and effective tax rates. The appropriate empirical counterpart to model progressivity τ is the degree of progressivity of statutory rates. In Online Appendix A, we show that (i) it
is statutory rates that affect individual consumption/leisure and
skill investment choices, and (ii) if we use taxable income (i.e.,
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gross income net of deductions) as our empirical measure of income y, then equation (2) can be used to deliver an estimate for τ
that captures precisely the progressivity of statutory tax rates.
For our empirical exercise, we use data from the Panel Study
of Income Dynamics (PSID) for survey years 2000, 2002, 2004, and
2006, in combination with the NBER’s TAXSIM program (Feenberg and Coutts 1993).2
Pregovernment gross household income includes labor earnings, self-employment income, private transfers (alimony, child
support, help from relatives, miscellaneous transfers, private retirement income, annuities, and other retirement income), plus income from interest, dividends, and rents. Taxable income is gross
income minus deductions. For each household in the data, we
compute the four main deductible expenses in the U.S. tax code:
medical expenses, mortgage interest, state taxes paid, and charitable contributions. The first three categories are available from
PSID data; we use an imputation procedure to estimate charitable contributions at the household level (see Online Appendix
A for details). Given tax-deductible expenses, TAXSIM calculates
whether each household would be better off itemizing or taking
the standard deduction. To obtain our final measure of pregovernment taxable income, we add the employer share (50%) of the
Federal Insurance Contribution Act (FICA) tax—the sum of Social
Security and Medicare taxes, computed directly by TAXSIM.3
Postgovernment income ỹ equals pregovernment income minus taxes plus transfers. Taxes include federal and state income
taxes as well as the total FICA tax (both employer and employee
shares), all of which we obtain from TAXSIM. Transfers include
public cash transfers (AFDC/TANF, SSI and other welfare receipts, unemployment benefits, workers’ compensation, and veterans’ pensions). These transfers are measured directly from the
PSID. Since we subtract Social Security taxes from household income in each year they are paid, we make an imputation for the
2. The sample selection criteria follow closely those applied by Heathcote,
Perri, and Violante (2010). In particular, we restrict attention to households aged
25–60 where at least one adult in the household earns more than the equivalent
of part-time work at the minimum wage, to focus on the active population. The
choice of the period 2000–2006 is motivated by the desire to use recent data while
acknowledging that government transfers to U.S. households were abnormally
large during the Great Recession.
3. Whenever reported earnings in the PSID include some business income, we
reduce this imputation by the portion of income coming from self-employment.
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corresponding marginal Social Security benefits gained by working that year and include those benefits in measured transfers for
that year (see Online Appendix A for details). We do not make any
imputation for Medicare benefits because such entitlements are
only conditional on age, not on years of work.
We estimate τ US by ordinary least squares (OLS) using equation (2) in log form. The point estimate is τ US = 0.181 (std.
err. = 0.002). This simple model fits the empirical relationship
between pre- and postgovernment income distributions remarkably well, yielding an R2 of 0.91. In Figure I, Panel A we collapse
our 12,875 observations into percentiles.4 Figure I, Panel B plots
the average and marginal tax rates implied by our tax/transfer
scheme evaluated at τ US .5 The implied income-weighted average
marginal tax rate is 0.34. For the same period, Barro and Redlick
(2011) report a slightly higher income-weighted average marginal
tax rate—around 37%.
In Figure I, Panel A, the dots corresponding to the lowest
percentiles of the income distribution (roughly below $10,000)
lie above the line predicted by the model, suggesting that our
tax/transfer scheme tends to underestimate marginal tax rates
at low income levels. Kosar and Moffitt (2017) estimate marginal
tax rates faced by low-income families participating in various
welfare programs and find that they generally face low or negative marginal rates. However, marginal rates vary substantially
across households, and some households simultaneously enrolled
in multiple welfare programs face high marginal tax rates where
benefits are phased out. Although our parametric functional form
cannot capture this variation in tax rates at low income levels,
we note that families with less than $10,000 of taxable income
represent less than 10% of all taxpayers aged 25–60 in the United
States, and less than 2% of our sample of households active in the
labor market.
4. The coordinates of each circle in the figure are the mean of a particular
percentile of the pregovernment income distribution (x-axis) and the mean of postgovernment income within the households in that same percentile (y-axis).
5. Guner, Kaygusuz, and Ventura (2014) estimate this same function on a
large cross-sectional data set from the U.S. Internal Revenue Service (the IRS
Public Use Tax File). They estimate smaller values for progressivity, reflecting the
fact that IRS data do not include government transfers. The same caveat applies
to the estimate in Chen and Guo (2013).
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(A)

(B)
FIGURE I
Representation of Actual U.S. Tax/Transfer System through Our Tax/Transfer
Function
The estimated value for progressivity is τ U S = 0.181. Source: PSID 2000–2006
and TAXSIM.

Downloaded from https://academic.oup.com/qje/article-abstract/132/4/1693/3884644
by University of Oslo Library. Library of Medicine and Health Sciences user
on 25 January 2018

1702

QUARTERLY JOURNAL OF ECONOMICS

II.B. Robustness
The PSID data have three potential limitations for the purposes of estimating progressivity: (i) the PSID undersamples the
very rich, (ii) PSID taxes are imputed through TAXSIM, and (iii)
the PSID covers only a subset of in-kind benefits. The Congressional Budget Office (CBO) publishes tables reporting household
income, federal taxes paid, and federal transfers received for various quantiles of the entire distribution of before-tax income, including all the top earners.6 The CBO measure of transfers is
more comprehensive than the one we construct from the PSID.
It includes the value of food stamps, school lunches, housing and
energy assistance, and benefits provided by Medicare and Medicaid. Moreover, the CBO includes employer-paid health insurance
premiums in its measure of pregovernment income.7
From the CBO tables we construct pre- and postgovernment
income for the first, second, third, and fourth quintiles of the
pregovernment income distribution, and for the 81st–90th, the
91st–95th, and the 96th–99th percentiles, and the top 1%. We use
these moments to estimate the progressivity parameter τ US for
the 2000–2006 period and obtain τ US = 0.200, which is slightly
higher than our PSID estimate for the same years.8 Since we use
the PSID to estimate other model parameters in Section VI, we use
the PSID-based estimate (τ US = 0.181) in our baseline analysis.
II.C. Discussion
One way to think about our exercise is as follows. Given the
form of the tax system that is currently in place, we ask how
6. The CBO analysis draws its information on income from two primary
sources. The core data come from the Statistics of Income (SOI), a nationally
representative sample of individual income tax returns collected by the IRS. The
CBO supplements that information with data on transfers from the Annual Social and Economic Supplement to the Census Bureau’s Current Population Survey
(CPS).
7. There are two limitations of the CBO data from the perspective of measuring the overall progressivity of the U.S. tax and transfer system. First, the CBO
data exclude state-level taxes and transfers. Second, the reported statistics are
aggregates across a cross section of households of all ages, and the CBO does not
attempt to measure the extent to which Social Security transfers received when
old are tied to Social Security taxes paid when young, as we do.
8. We make one adjustment to the CBO measure of postgovernment income
to better align it with our own measure, which is that we exclude the value of
Medicare transfers.
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much more or less progressive taxes should be, and what would
be the associated welfare gains? Although the functional form in
equation (1) offers a good positive account of the U.S. tax system,
it is potentially restrictive from a purely normative perspective.
Two key restrictions are implicit in T(yi ). First, it is either globally
convex in income, if τ > 0, or globally concave, if τ < 0. As a result,
marginal tax rates are monotonic in income. Second, it does not
allow for lump-sum cash transfers, since T(0) = 0.9
Heathcote and Tsujiyama (2016) consider the welfare gains
of moving from tax systems of the type described by equation (1)
to the fully optimal nonparametric Mirrlees tax schedule. Their
environment is a stripped-down version of the model developed
here. They find that the size of the welfare gains of moving from
the tax system described above with τ = τ US to the constrainedefficient Mirrlees system is sensitive to the taste for redistribution
embedded in the planner’s social welfare function. However, for a
wide range of alternative welfare functions, the best policy in the
class described by equation (1) delivers the vast majority of the
maximum potential welfare gains from tax reform.10 Thus, the
restrictions implicit in the system described by equation (1) are
not particularly important from a normative standpoint.
III. ECONOMIC ENVIRONMENT
We describe the economy in steady state and omit time subscripts.
III.A. Demographics
We adopt the Yaari “perpetual youth” structure. At every age
a, an agent survives to the next period with constant probability
δ < 1. Each period a cohort of newborn agents of size 1−δ enters
the economy. There are no intergenerational links.11 We index
agents by i ∈ [0, 1].
9. Our model can in principle capture (as part of the public good G) lump-sum
transfers in the form of in-kind goods or services, as long as these are imperfectly
substitutable with private consumption (e.g., public education and health care).
10. Assuming a utilitarian objective, for example, the best policy in this class
delivers 84% of the maximum potential welfare gains from tax reform. See Heathcote and Tsujiyama (2016) for details.
11. Private bequests could provide a form of insurance against a bad draw
of initial conditions, which might reduce optimal progressivity. For a model along
these lines, see Bakiş, Kaymak, and Poschke (2015).
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III.B. Life Cycle
The life of every individual i starts with an initial investment
in skills. After choosing skill level si at age a = 0, the individual
enters the labor market and starts facing random fluctuations in
labor productivity zi . Every period she chooses market hours of
work hi  0 and consumption of a private good ci .
III.C. Technology
Output Y is a constant elasticity of substitution aggregate of
effective hours supplied by the continuum of skill types s ∈ [0, ∞),

(5)

∞

Y =

[N (s) · m (s)]

θ −1
θ

θ
 θ −1

ds

,

0

where θ > 1 is the elasticity of substitution across skill types, N(s)
denotes average effective hours worked by individuals of skill type
s, and m(s) is the density of individuals with skill type s. Note that
all skill levels enter symmetrically in the production technology,
and thus any equilibrium differences in skill prices will reflect
relative scarcity of the corresponding skill types.12
Output is used for private consumption and public consumption G. The rate of transformation between the two forms of consumption is 1, and thus the aggregate resource constraint is

Y =

(6)

1

ci di + G.

0

III.D. Preferences
Preferences over private consumption, hours worked, publicly
provided goods, and skill investment effort for individual i are
given by
(7)

Ui = −vi (si ) + (1 − βδ ) E0

∞

(βδ)a ui (cia , hia , G),
a=0

12. In Online Appendix D.1, we compare our constant elasticity of substitution skill aggregator with the one assumed by Bénabou (2005) and discuss the
implications of these alternative specifications for the relation between optimal
progressivity and the elasticity of substitution parameter θ .
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where β < 1 is the pure discount factor, common to all individuals,
and the expectation is taken over future histories of idiosyncratic
productivity shocks, whose process is described below. The disutility of the initial skill investment si  0 takes the form
(8)

vi (si ) =

− 1 1+ψ
ψ
κi ψ si ψ ,
1+ψ

where the parameter ψ  0 determines the elasticity of skill investment with respect to the return to skill, and κ i  0 is an
individual-specific parameter that determines the utility cost of
acquiring skills. The larger is κ i , the smaller is the cost, so one
can think of κ i as indexing innate learning ability. We assume that
κ i ∼ Exp(η), an exponential distribution with parameter η. As we
demonstrate below, exponentially distributed ability yields Pareto
right tails in the equilibrium wage and earnings distributions.
The period utility function ui is specified as
(9)

ui (cia , hia , G) = log cia −

exp[(1 + σ ) ϕi ]
(hia )1+σ + χ log G,
1+σ

where exp [(1 + σ )ϕ i ] measures the disutility of work effort.
The individual-specific parameter ϕ i is normally distributed:
v
ϕi ∼ N 2ϕ , vϕ , where vϕ denotes the cross-sectional variance.13
We assume that κ i and ϕ i are uncorrelated. The parameter σ > 0
determines aversion to hours fluctuations. It is useful to define
the tax-modified Frisch elasticity:
(10)

1−τ
1
=
.
σ̂
σ +τ

Below we show that σ̂ −1 measures the elasticity of hours worked
to a transitory shock to the pretax wage. Finally, χ  0 measures
the taste for the public good G relative to private consumption.
III.E. Labor Productivity and Earnings
Log individual labor efficiency zia is the sum of two orthogonal
components, α ia and εia :
(11)

log zia = αia + εia .

13. Introducing additional weighting parameters (common across all households) on the utility terms defining the costs of skill investment and labor supply
would have no effect on the shape of the welfare-maximizing policy.
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The first component α ia follows the unit root process
α ia = α i,a−1 + ωia with i.i.d. innovation ωia ∼ N − v2ω , vω , and
with initial condition α i0 = 0.14 The second component is an
i.i.d. shock, εia ∼ N − v2ε , vε . This permanent-transitory errorcomponent model for individual labor productivity has a long tradition in labor economics (for a survey, see Meghir and Pistaferri
2010). A standard law of large numbers ensures that idiosyncratic
shocks induce no aggregate uncertainty.
Individual earnings yia are, therefore, the product of three
components:
(12)

yia = p(si ) × exp(αia + εia ) × hia .



skill price

labor market shocks

hours

The first component p(si ) is the equilibrium price for the type of labor supplied by an individual with skills si , the second component
is individual stochastic labor efficiency, and the third component
is the number of hours worked by the individual. Thus, individual earnings are determined by (i) skills accumulated before labor
market entry, in turn reflecting innate learning ability κ i ; (ii) fortune in labor market outcomes determined by the realization of
idiosyncratic efficiency shocks; and (iii) work effort, reflecting in
part innate taste for leisure, measured by ϕ i .
Because idiosyncratic productivity shocks are exogenous, the
two channels via which taxation will have an impact on the equilibrium pretax earnings distribution are by changing skill investment choices, and thus skill prices, and by changing labor supply
decisions.
III.F. Financial Assets
We adopt a simplified version of the partial insurance structure developed in Heathcote, Storesletten, and Violante (2014a).
There is a full set of state-contingent claims indexed by the ε
shock—and thus the ε shocks are fully insurable—whereas the
α shocks, by assumption, cannot be insured through markets or
smoothed via storage.15 Let B (E) and Q (E) denote the quantity
14. Thus, all earnings inequality among newborn agents reflects heterogeneous skill levels.
15. The environment in Heathcote, Storesletten, and Violante (2014a) is more
general because it also includes a noncontingent bond market. In a previous version of this article (Heathcote, Storesletten, and Violante 2014b), we prove that
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and the price, respectively, of insurance claims purchased that
pay one unit of consumption if and only if ε ∈ E ⊆ R. Insurance
claims are in zero net supply, and newborn agents start with zero
initial holdings of such claims.16 Our model spans the entire range
between autarky (vε = 0) and full insurance (vω = 0). In general,
when both vω > 0 and vε > 0, ours is a partial insurance economy,
in the language of Blundell, Pistaferri, and Preston (2008).17
III.G. Markets
The final consumption good, all types of labor services, and
financial claims are traded in competitive markets. The publicly
provided good G cannot be purchased privately. The final good is
the numeraire of the economy.
III.H. Government
The government runs the tax/transfer scheme described in
Section II and funds expenditure G on public consumption. Let g
denote government consumption as a fraction of aggregate output
(i.e., G = gY). Since we abstract from public debt, the government
budget constraint holds period by period and reads as
 1
 1

yi − λyi1−τ di.
yi di =
(13)
g
0

0

The government chooses the pair (g, τ ), with λ being determined
residually by equation (13).
even if households were allowed to trade this additional asset, they would choose
not to do so in our model. Thus, α shocks would remain uninsured in equilibrium,
and equilibrium allocations for consumption, hours worked, and skill choices would
be identical to the allocation we study here.
16. The complete markets assumption with respect to ε implies that it is
straightforward to introduce a richer statistical process for the ε shocks. For example, in Heathcote, Storesletten, and Violante (2014a), we add a unit root component to the insurable component of wages. As we show below, all that matters
for the analysis of optimal taxation is the cross-sectional variance of insurable
wage risk, which can be estimated independently of the time-series process for ε.
Therefore, to simplify the exposition, in this article we maintain the assumption
that ε is an i.i.d. shock.
17. Tax progressivity provides public risk sharing and reduces the equilibrium
demand for private insurance. However, since the market structure is exogenous,
tax progressivity does not affect the supply of private insurance. In contrast, public
insurance can crowd out private risk sharing in models with moral hazard or
limited enforcement.
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III.I. Agent’s Problem
At age a = 0, the agent chooses a skill level, given her idiosyncratic draw (κ i , ϕ i ). Combining equations (7) and (8), the first-order
necessary and sufficient condition for the skill choice is
(14)

∂vi (si )
=
∂si



si
κi

 ψ1

= (1 − βδ ) E0

∞

a=0

(βδ)a

∂ui (cia , hia , G)
.
∂si

Thus, the marginal disutility of skill investment for an individual
with learning ability κ i must equal the discounted present value
of the corresponding higher expected lifetime wages.
The timing of the agent’s problem during her subsequent
working life is as follows. At the beginning of every period a, the
innovation ωia to the random walk shock α ia is realized. Then, the
insurance markets against the ε shocks open and the individual
buys insurance claims B(·). Finally, εia is realized and the individual chooses hours hia , receives wage payments, and chooses
consumption expenditures cia . Thus, the individual budget constraint in the middle of the period, when the insurance purchases
are made, is

Q (ε) B (ε) dε = 0,
(15)
E

and the budget constraint at the end of the period, after the realization of εia , is
(16)

cia = λ [ p (si ) exp (αia + εia ) hia ]1−τ + B (εia ) .

Given an initial skill choice, the problem for an agent is to
choose sequences of consumption and hours worked to maximize
equation (7) subject to sequences of budget constraints of the form
equations (15)–(16), taking as given the wage process described in
equation (11). In addition, agents face nonnegativity constraints
on consumption and hours worked.
III.J. A Special Case: The Representative Agent Problem
It is useful to solve for a special case of the agent’s problem.
When vϕ = vω = vε = 0 and θ = ∞, there is no dispersion in
the taste for leisure or in labor productivity. Since skill levels
are perfect substitutes in production, there is no skill investment
either, so the economy collapses to a representative agent model.
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The representative agent’s problem is static:
(17)



H 1+σ
+ χ log G
max log C −
C,H
1+σ
s.t.
C = λH 1−τ .

Taking the fiscal variables (λ, g, τ ) as given, the optimal
choices for the representative agent are
1
log(1 − τ ),
1+σ

(18)

log H RA (τ ) =

(19)

log C RA (g, τ ) = log λ (g, τ ) +

1−τ
log(1 − τ ).
1+σ

The production technology simplifies to Y = H, implying G = gH.
Solving for λ(g, τ ) from the government budget constraint,
G = H−λH1−τ , and substituting into equation (19) gives
log C RA (g, τ ) = log(1 − g) +

1
log(1 − τ ).
1+σ

These expressions show that a more progressive tax system
(a higher value for τ ) reduces labor supply and, therefore, equilibrium consumption. The reason is that higher progressivity raises
the marginal tax rate faced by the representative agent. As τ →
1, HRA (τ ) → 0. Note that with logarithmic utility, the tax level
parameter λ has no impact on labor supply, which explains why
hours worked (and output) are independent of the government
consumption to output ratio g.
IV. EQUILIBRIUM
We adopt a recursive formulation to define a stationary competitive equilibrium for our economy. The individual state vector for the skill accumulation decision at age a = 0 is just the
fixed individual effects (κ, ϕ). At subsequent ages, the state vector
for the beginning-of-the-period decision when insurance claims
are purchased is (ϕ, α, s). The state vector for the end-of-period
consumption and labor supply decisions is (ϕ, α, ε, s, B̄), where
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B̄ = B(ε; ϕ, α, s) are state-contingent insurance payouts.18 Because
of the perpetual youth structure, age is not a state variable.
Given (g, τ ), a stationary recursive competitive equilibrium
for our economy is a tax level λ; asset prices Q(·); skill prices p(s);
decision rules s(κ, ϕ), c(ϕ, α, ε, s), h(ϕ, α, ε, s), and B(· ; ϕ, α, s);
and aggregate quantities N(s) such that:
i. Households solve the problem described in Section III.I,
and s(κ, ϕ), c(ϕ, α, ε, s), h(ϕ, α, ε, s), and B(· ; ϕ, α, s) are
the associated decision rules.
ii. Labor markets for each skill type clear, and p(s) is the
value of the marginal product from an additional unit of
 1θ

Y
effective hours of skill type s: p(s) = N(s)·m(s)
.
iii. Asset markets clear, and the prices Q(·) of insurance
claims are actuarially fair.
iv. The government budget is balanced: λ satisfies
equation (13).
Propositions 1 and 2 describe the equilibrium allocations and
skill prices in closed form. The payoff from tractability will be
especially evident in Proposition 4, where we derive an analytical solution for social welfare. In what follows, we make explicit
the dependence of equilibrium allocations and prices on (g, τ ) in
preparation for our analysis of the optimal taxation problem.
PROPOSITION 1. [Hours and consumption]. The equilibrium hoursworked allocation is given by
(20)
log h (ϕ, ε; τ ) = log H RA (τ ) − ϕ +

1
1
ε−
M (vε ; τ ) ,

σ

σ (1 − τ )

where HRA are hours for the “representative agent” in equation
(1+σ̂ )) νε
. The consumption alloca(18) and M (vε ; τ ) = (1−τ )(1−τ
σ̂
2
tion is given by
log c (ϕ, α, s; g, τ ) = log[C RA (g, τ ) ϑ(τ )]
(21)

+ (1 − τ ) [log p (s; τ ) + α − ϕ] + M (vε ; τ ) ,

18. Because in equilibrium B̄ is a function of (ϕ, α, ε, s), in what follows we
omit B̄ from the state vector.
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where CRA is consumption of the “representative agent” in
equation (19) and ϑ(τ ) is common across agents.

With logarithmic utility and zero wealth, the income and substitution effects on labor supply from differences in uninsurable
shocks α and skill levels s exactly offset, and hours worked are independent of (s, α). The hours allocation is composed of four terms.
The first is hours of the representative agent, which, as explained
already, fall with progressivity. The second term captures the fact
that a higher idiosyncratic disutility of work leads an agent to
choose lower hours. The third term shows that the response of
hours worked to an insurable shock ε (which has no income effect
precisely because it is insurable) is mediated by the tax-modified
Frisch elasticity σ̂1 . Progressivity lowers this elasticity. The fourth
term captures the welfare-improving effect of insurable wage variation. As shown in Heathcote, Storesletten, and Violante (2008),
larger dispersion of insurable shocks allows agents to work more
when they are more productive and take more leisure when they
are less productive, thereby raising average productivity, average leisure, and welfare. Progressivity weakens this channel because it dampens the efficient response of hours to insurable wage
shocks.
Consumption is additive in five separate components. The
first component is (rescaled) consumption of the representative
agent, described in Section III.J.19 Consumption is increasing in
the skill level s (because skill prices are increasing in skills) and
in the uninsurable component of wages α. Since hours worked
are decreasing in the disutility of work ϕ, so are earnings and
consumption. The redistributive role of progressive taxation is
evident from the fact that a larger τ shrinks the pass-through to
consumption from heterogeneity in fixed effects s and ϕ and from
realizations of uninsurable wage shocks α. The final component
captures the fact that insurable variation in productivity has a
positive level effect on average consumption in addition to average
leisure. Again, higher progressivity weakens this effect. Because
of the assumed separability between consumption and leisure in
preferences, consumption is independent of the insurable shock ε.
19. The rescaling constant ϑ(τ ) reflects the fact that the equilibrium balancedbudget function λ(g, τ ) is different in the heterogeneous agent and representative
agent versions of the model.
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PROPOSITION 2. [Skill price and skill choice]. In equilibrium, skill
prices are given by
(22)

(23)

(24)

log p (s; τ ) = π0 (τ ) + π1 (τ ) · s (κ; τ ) ,

π1 (τ ) =

1
 η  1+ψ

θ

(1 − τ )

where

ψ
− 1+ψ






1
1−τ
1
π0 (τ ) =
ψ log
− log (η)
θ −1 1+ψ
θ


θ
.
+ log
θ −1

The skill investment allocation is given by
(25)

s (κ; τ ) = [(1 − τ ) π1 (τ )]ψ · κ =

η
θ

(1 − τ )

ψ
 1+ψ

·κ

and the equilibrium skill density m(s) is exponential with paψ
 θ  1+ψ
1
rameter η 1+ψ 1−τ
.
Note first that the log of the equilibrium skill price takes a
“Mincerian” form (i.e., it is an affine function of s). The constant
π 0 (τ ) is the base log-price of the lowest skill level (s = 0), and π 1 (τ )
is the pretax marginal return to skill.
From the skill investment rule (25), it is clear that the parameter ψ defines the elasticity of skill investment to the aftertax return to skills, (1−τ )π 1 (τ ). Equation (25) also clarifies that
higher progressivity τ reduces the after-tax return to investing in
skills and depresses skill investment. In the limit as τ → 1, s →
0 at every κ: there is no incentive to boost wages by investing in
skills if all the excess returns will be taxed away.
Equation (23) indicates that higher τ increases the equilibrium pretax marginal return π 1 (τ ). The logic is that increasing τ compresses the skill distribution toward zero and, as high
skill types become scarce, imperfect substitutability in production
drives up the pretax return to skill. Thus, our model features a
Stiglitz effect (Stiglitz 1985). The larger is ψ, the more sensitive
is skill investment to a given increase in τ , and the larger is the
increase in the pretax skill premium.
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Note that the skill investment decision is independent of ϕ
(and it would also be independent of α 0 if there was heterogeneity
in initial labor productivity within skill types). The logic is that
with log utility, the welfare gain from additional skill investment
is proportional to the log change in wages the investment would
induce, which is unaffected by the level of wages or hours.
COROLLARY 1. [Distribution of skill prices]. The distribution of log
skill premia π 1 (τ ) · s(κ; τ ) is exponential with parameter θ .
Thus, the variance of log skill prices is
var (log p (s; τ )) =

1
.
θ2

The distribution of skill prices p(s ; τ ) in levels is Pareto with
scale (lower bound) parameter exp (π 0 (τ )) and Pareto parameter θ .
Log skill premia are exponentially distributed because the log
skill price is affine in skill s (equation (22)) and skills retain
the exponential shape of the distribution of learning ability κ
(equation (25)). It is interesting that inequality in skill prices is independent of τ . The reason is that progressivity sets in motion two
offsetting forces. On the one hand, as discussed earlier, higher progressivity increases the equilibrium skill premium π 1 (τ ), which
tends to raise inequality (the Stiglitz effect on prices). On the
other hand, higher progressivity compresses the distribution of
skills (the quantity effect). These two forces exactly cancel out
under our baseline utility specification.
Since the exponential of an exponentially distributed random variable is Pareto, the distribution of skill prices in levels
is Pareto with parameter θ . The other stochastic components of
wages (and hours worked) are log-normal. Because the Pareto
component dominates at the top, the equilibrium distributions
of wages and earnings have Pareto right tails, a robust feature
of their empirical counterparts (see, e.g., Atkinson, Piketty, and
Saez 2011). It also follows that the distribution of consumption
has a Pareto tail, consistent with the empirical evidence in Toda
(2015). Finally, the distributions of log wages and log earnings
are exponentially modified Gaussian (EMG) distributions given
by the linear combinations of an exponential random variable p(s;
τ ) and a normal random variable (α + ε). This is a useful result
for our political-economic analysis of Section VI.F.
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We now briefly discuss how taxation affects aggregate quantities in our model.
COROLLARY 2. [Aggregate quantities]. Average hours worked H(τ )
and average effective hours N(τ ) are independent of skill type
s. H(τ ), N(τ ), and output Y(τ ) are given by
 

1
τ (1 + σ̂ )
1 vε
1+σ
,
H (τ ) = E [h (ϕ, ε; τ )] = (1 − τ )
· exp
−
σ̂ 2
σ̂ 2
(26)



1
(27) N (τ ) = E[exp(α + ε)h (ϕ, ε; τ )] = H (τ ) · exp
vε ,
σ̂
Y (τ ) = E[ p (s; τ ) exp(α + ε)h (ϕ, ε; τ )] = N (τ ) · E [ p (s; τ )] ,
(28)
where E [ p (s; τ )] = exp (π0 (τ )) ·
tivity is

θ
.
θ−1

Aggregate labor produc-



Y (τ ) N(τ )
1
Y (τ )
=
·
= E [ p (s; τ )] · exp
vε .
H(τ )
N(τ ) H(τ )
σ̂
Progressivity affects aggregate output through two channels: labor supply and skill investment choices. From equation (26),
the elasticity of aggregate effective hours N(τ ) with respect to
1
τ at τ = 0 is − 1+σ
. The elasticity of output per effective hour
Y (τ )
( N(τ ) = E [ p (s; τ )]) with respect to τ , which reflects skill investment, is − (1+ψψ)(θ−1) (see equation (34)). We return to these two
elasticities in Section V.C when characterizing the conditions under which the optimal tax system is progressive.
IV.A. Efficiency
Before turning to the characterization of the optimal degree
of progressivity, we briefly discuss the efficiency properties of the
competitive equilibrium. The equilibrium with τ = 0 is generally
not efficient in our environment for two reasons. The first is that
there are no private markets for insuring the ω shock. The second
is that for a given g (and corresponding λ), there is a free-riding
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problem. If all agents worked more, the quantity of the valued
public good provided would increase, but from the perspective of
an atomistic single agent, the supply of the public good is exogenous. Because the marginal social gain from work exceeds the
marginal private gain, labor supply is inefficiently low. The following proposition states that when the economy features complete
markets with respect to wage shocks (vω = 0) and does not feature
this free-riding problem (χ = 0), the equilibrium with τ = 0 is
efficient.
PROPOSITION 3. [Efficiency with χ = vω = τ = 0]. If χ = vω = 0, then
the competitive equilibrium allocation with τ = 0 is efficient.
This allocation is the solution to a planner’s problem with
Pareto weights proportional to exp −ϕ + ηθ κ .
Because individuals with high learning ability κ or low disutility of work effort ϕ enjoy relatively high consumption in the
competitive equilibrium with τ = 0, these agents must receive
relatively large Pareto weights in the planner’s problem that delivers the same allocation. Note that the competitive equilibrium
with τ = 0 cannot deliver the allocation that would be chosen by
a utilitarian social planner who weights all agents equally. Such
a planner would want to redistribute against income differentials
because of heterogeneity in κ and ϕ and would therefore choose
τ > 0.
V. WELFARE EFFECTS OF TAX REFORM
We imagine the economy starting out in a steady state corresponding to a policy pair (g−1 , τ −1 ) and consider permanent
unanticipated policy changes at date 0 to a new policy (g, τ ). The
presence of skill investment in the model raises two related issues when contemplating tax reform. First, if past investment
decisions are irreversible, then the government is tempted to tax
returns to skill because such taxation is not distortionary ex post.
This result is analogous to the temptation to tax initial physical
capital in the growth model. Second, if the distribution of skills
adjusts slowly following a change in the tax system, then even
permanent policy changes will induce transitional dynamics. In
our benchmark analysis, we sidestep these issues by making the
assumption that the choice of skills is fully reversible at any point.
This assumption implies that transition following a tax reform is
instantaneous: given a choice for the new pair (g, τ ), the economy
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immediately converges to the steady-state distribution of skills
associated with this policy.
In Section VI.C we generalize our characterization of optimal
progressivity by making the polar opposite assumption that skills
are fully irreversible. In this alternative version of the model,
there are transitional dynamics between the initial and final
steady states, and the motive to tax the existing sunk stock of
skills affects the optimal choice of progressivity.
V.A. Social Welfare Function
The baseline utilitarian social welfare function we use to
evaluate alternative policies puts equal weight on all agents
within a cohort. In our context, where agents have different relative weights on consumption versus work effort, we define equal
weights to mean that the planner cares equally about the utility
from consumption of all agents. Thus, the contribution to social
welfare from any given cohort is the within-cohort average value
for remaining expected lifetime utility, where equation (7) defines
expected lifetime utility at age 0. In Section VI.E, we generalize
the objective function to consider cases in which the planner is
more or less averse to cross-sectional inequality.
The overlapping generations structure requires us to take
a stand on how the government weights cohorts that enter the
economy at different dates. We assume that the planner discounts
the lifetime utility of future generations at rate γ . Social welfare
evaluated as of date 0 is then given by
(29)

W (g, τ ; τ−1 ) ≡ (1 − γ )

∞


γ j U j,0 (g, τ ; τ−1 ) ,

j=−∞

where Uj, 0 (g, τ ; τ −1 ) is remaining expected lifetime utility (discounted back to date of birth) as of date 0 for the cohort that
−βδ
premulentered the economy at date j.20 The constant  = γ γ(1−βδ)
21
tiplying the summation is a convenient normalization.
20. Remaining lifetime utility depends on the lagged value for progressivity
τ −1 because the difference between τ −1 and τ will determine (the cost of) net new
investment in skills for cohorts who entered the economy before date 0.
21. Following Calvo and Obstfeld (1988), we assume that the planner discounts
each individual’s welfare back to their birth dates using the agent’s discount factor
β. This ensures that the planner’s objective function is time consistent. Thus, the
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The next proposition expresses social welfare as a function of
the two policy instruments (g, τ ).
PROPOSITION 4. [Closed-form social welfare]. In the model with
fully reversible investment, when the social welfare function
is given by equation (29), welfare from implementing policy
(g, τ ) is
(30) W(g, τ ; τ−1 ) =
⎧
log(1−τ )
⎪
log(1 − g) + χ log g + (1 + χ ) (1+
− 1+1 σ̂
⎪
σ̂ )(1−τ )
⎪
⎪
⎪


⎪
⎪
⎪
1
1
θ
⎪
ψ
log
1
−
τ
+
log
+
(1
+
χ
)
(
)
⎪
(1+ψ)(θ−1)
ηθ ψ θ−1
⎪
⎪
⎪
⎪


⎪
⎪
ψ
βδ (1−γ )
⎪
(1
−
τ
)
−
−
(1
−
τ
)
⎪
−1
(1+ψ)θ
γ (1−βδ)
⎪
⎪
⎪
⎪

⎨ 
1−τ
− 1−τ
− − log 1 − θ
θ
⎪
⎪
⎪
v
⎪
⎪
− (1 − τ )2 2ϕ
⎪
⎪
⎪
⎪
 

⎪


⎪


)
⎪
1−δ exp −τ (1−τ
vω
⎪
2
βδ
vω
⎪
− (1 − τ ) γ −βδ 2 − log
⎪
⎪
1−δ
⎪
⎪
⎪
⎪


⎪
⎪
⎩+ (1 + χ ) σ̂1 vε − σ 12 v2ε .
σ̂

(a)
θ (1+ψ )


(b)
(c)
(d)
(e)
(f)
(g)

To obtain the expression in equation (30), we solve for the
value λ(g, τ ) that balances the government budget. Next, plugging
the consumption, hours, and skill allocations into equation (29),
we can express social welfare as a function of primitive preference,
technology, and policy parameters.
COROLLARY 3. [Independence from past choices]. The optimal pair
(g, τ ) is independent of τ −1 .
In equation (30), τ −1 appears in an additively separable term
that does not involve any other policy parameters. This result
depends on the reversible skill investment assumption. Because
the welfare impact of alternative choices for (g, τ ) is independent

relative weight the planner places ata 
particular date on the felicity of one agent
who is s years older than another is

β
γ

s

.
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of τ −1 , we henceforth denote social welfare W(g, τ ) and omit the
inconsequential terms involving τ −1 .
COROLLARY 4. [Concavity of social welfare]. Social welfare W(g, τ )
is globally concave in g and, if σ  2, is also globally concave
in τ .
As we show in Online Appendix B.7, aside from the term
multiplying vε in the last row of equation (30), social welfare is
globally concave in τ for any σ  0. The term involving vε is also
globally concave in τ if σ  2, a condition that is satisfied in the
calibration. Establishing concavity is useful because it means that
a first-order approach is sufficient to compute the optimal τ and
g.
COROLLARY 5. [Independence of policy instruments]. The welfaremaximizing value for τ is independent of g.
The two policy parameters τ and g do not appear jointly in
any one of the additively separable terms in equation (30). Thus,
the welfare maximizing choice for τ must be independent of the
value for g, irrespective of whether the choice for g is welfare
maximizing. However, the welfare-maximizing choice for τ will
depend on the parameter χ that defines the taste for publicly
provided goods.
COROLLARY 6. [Samuelson condition]. The welfare-maximizing
value for g is given by
(31)

g∗ =

χ
.
1+χ

The optimal choice for public goods in the economy is obtained
by taking the first-order condition of equation (30) with respect
to g. The optimal fraction of output to devote to public goods is
independent of how much inequality there is in the economy and
independent of the progressivity of the tax system. It depends only
on households’ relative taste for the public good χ .
To understand this result, note that the choice for g does not
appear in the equilibrium allocations for hours worked or skill
investment (equations (20) and (25)). Thus, changing g will not
change aggregate income or the distribution of income. It follows
that the government’s only concern in setting g is to optimally divide output between private and public consumption. The optimal
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split turns out to be exactly the one that equates the marginal
rate of substitution between private and public consumption to
the marginal rate of transformation between the two goods in a
representative agent version of the model (see Section I). We call
this the “Samuelson condition” (Samuelson 1954).
COROLLARY 7. [Irrelevance of η]. The welfare-maximizing value for
progressivity τ is independent of the learning ability distribution parameter η .
Even though the exponential parameter η has an impact on
welfare through aggregate productivity, this effect is independent
of τ .22
COROLLARY 8. [γ = β case]. If the government discounts the lifetime utility of future cohorts at rate γ = β, then social welfare
W (g, τ ) is equal (up to an additive constant) to average period
utility in the cross section
(32) W(g, τ ) =
(1 − δ)

∞


δ a E[u(c(ϕ, αa , s(κ; τ ); g, τ ), h(ϕ, ε; τ ), G(g, τ ))]

a=0

− E[v(s(κ; τ ), κ)],
where the first expectation is taken with respect to the equilibrium cross-sectional distribution of (ϕ, α a , s, ε) and the
second expectation with respect to the cross-sectional distribution of (s, κ).23
Note that this result hinges on skill investment being fully
reversible.
V.B. Decomposition of the Social Welfare Function
We now demonstrate that every term in equation (30)
has an economic interpretation and captures one of the forces
22. The logic behind this result is the same as that of Corollary 1: in general
equilibrium, there are offsetting forces. If skill prices were exogenous (π 1 fixed),
η and τ would interact. See the equations for the skill price and skill quantity in
Proposition 2.
23. We index the uninsurable component of the log wage α by age a to reflect
the fact that the presence of permanent shocks implies an age-varying distribution
for α.
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determining the optimal degree of progressivity. Because these
terms are additively separable in the expression for social welfare,
the distinct roles of various economic forces are easy to differentiate and quantify. For this decomposition, we focus on the special
case γ = β.

1. Welfare of the Representative Agent. Substituting allocations (18) and (19) into the objective function of the representative
agent problem of Section III.J (after solving for λ), one obtains
welfare for the representative agent,
(33)
W RA (g, τ ) = log(1 − g) + χ log g + (1 + χ )

1
log(1 − τ )
−
,
(1 + σ̂ )(1 − τ ) 1 + σ̂

which is precisely line (a) of the social welfare expression in equation (30).
What does equation (33) imply for optimal policy? Differentiation of equation (33) with respect to g yields the Samuelson condition (31). This value for g equates the marginal rate of substitution
between private and public consumption for the representative
χg
) to the technological rate of transformation
agent (equal to 1−g
between the two goods (equal to 1).
Differentiation of equation (33) with respect to τ yields
τ ∗ = −χ . Thus, a benevolent government in the representative
agent economy would choose regressive taxes, with the extent of
regressivity proportional to the fraction of output devoted to the
public good. To understand why, it is instructive to consider what
would go wrong if the government were to choose instead proportional taxes, by setting τ = 0. In that case, each agent would
not fully internalize the social return to working harder on the
margin: although the fraction (1−λ) of additional income paid
to the government through taxes benefits everyone in the form
of higher public consumption, this gain is neglected by each individual agent, who views himself as atomistic and takes G as
exogenous. A regressive tax increases the private return to work,
on the margin, and thereby increases labor supply, as is clear
from the hours allocation, equation (18). This tax scheme equates
social and private returns, a result we restate in the following
proposition.
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PROPOSITION 5. [RA model]. If vϕ = vω = vε = 0 and θ = ∞ (i.e.,
χ
and τ ∗ =
in a representative agent economy), then g∗ = 1+χ
∗

g
− 1−g
∗ = −χ implement the first best.

Note that one could alternatively implement the first best
with lump-sum taxes that do not distort labor supply and finance
g
, the marginal tax rate at
the desired amount of G. Given τ = − 1−g
RA
the equilibrium level of income H (τ ) is exactly equal to 0 (just
χ
,
as it would be with lump-sum taxes). Moreover, given g = 1+χ
the average tax rate is exactly sufficient to finance the optimal
level of public goods. Thus, the system replicates a lump-sum
tax. Furthermore, as we show in the proof of Proposition 5, this
efficiency result extends to a broader class of constant relative
risk aversion utility functions of which our baseline logarithmic
specification is a special case.
2. Welfare from Skill Investment. Lines (b), (c), and (d) in
equation (30) are all related to the skill investment choice. To
begin with, from equations (22) and (28), the term that multiplies
(1 + χ ) in line (b) is the log of aggregate productivity (output per
efficiency unit of labor) in the economy:

(34)

log

Y (τ )
N(τ )


=


1
ψ log (1 − τ )
(1 + ψ)(θ − 1)


θ (1+ψ )  
1
θ
+ log
.
ηθ ψ θ − 1

Given imperfect substitutability across skill types in the
production technology, the more uniformly dispersed are skills,
the higher is aggregate productivity. Higher productivity means
higher wages, consumption and hence welfare. Equation (34)
indicates that higher progressivity reduces productivity and welfare because it reduces skill investment and thereby compresses
the skill distribution toward zero. In terms of its impact on welfare, productivity is multiplied by (1 + χ ) because higher productivity and output boost public consumption (valued in proportion
to χ ) in addition to private consumption.
Skill investment is not costless. Line (c) of equation (30) is the welfare contribution from skill investment
costs. The average cost for all past and future cohorts who
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readjust their skill level is
(35)

E[v(s(κ; τ ), κ)] =

ψ 1
(1 − τ ),
1+ψ θ

which is the first term on line (c).24 Skill investment costs decrease
in τ because more progressivity reduces skill acquisition. Combining equation (34) and (35), one can show that the productivity
gain from skill investment net of education costs is maximized at
1
< 0.
τ = − θ−1
The government also cares about how the choice for τ affects
consumption dispersion both directly (via redistribution) and indirectly, via its impact on equilibrium skill prices and quantities.
The welfare cost of consumption dispersion across skill types is
(36)

welfare cost of skill price dispersion =
 



1−τ
1−τ
−
,
− log 1 −
θ
θ

or the term in line (d) of equation (30). This term differs from the
familiar Lucas expression for the cost of consumption inequality
because consumption dispersion induced by skill heterogeneity
follows a Pareto rather than a log-normal distribution. This cost
is decreasing in τ because higher progressivity reduces dispersion
in after-tax earnings and consumption.
We have learned that offsetting forces determine the optimal level of progressivity with respect to skill acquisition: more
progressivity diminishes aggregate productivity but also decreases consumption dispersion across skill types. Which force
dominates?
Figure II plots optimal tax progressivity, τ ∗ , against the elasticity of substitution between skills in production, θ , for three
different values for the elasticity of skill investment with respect
to the after-tax return to skill, ψ. The first is ψ = 0, which corresponds to completely inelastic skill investment and an exogenous
distribution of skills identical to the distribution for learning ability κ (see equation (25)). The second, ψ = 0.65, is our baseline.
The third, ψ = 2, is a case in which skill investment is highly
24. If older cohorts already have some skills at the time of the tax reform, they
only need to pay net new investment costs, which accounts for the separable term
in τ −1 in the welfare expression. See Online Appendix B.6 for details.
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FIGURE II
Optimal τ as a Function of θ in the Special Case vϕ = vω = vε = χ = 0 and σ = 2

sensitive to tax progressivity. The plots are constructed assuming
that (i) learning ability κ is the only source of heterogeneity in
the model, (ii) there is zero taste for public goods (χ = 0), and (iii)
the labor supply elasticity parameter, σ , is equal to 2. By virtue
of Corollary 1, these three models deliver identical inequality in
wages, hours, and consumption, since the equilibrium distribution
for skill prices is Pareto with parameter θ irrespective of ψ.
The figure reveals that skill heterogeneity always dictates
positive progressivity (τ ∗  0), a result we prove formally in Section V.C. As θ → ∞, the economy converges to a representative
agent economy with no desire for public goods, so τ ∗ → 0. When
we compare the three lines, it is clear that τ ∗ is decreasing in ψ,
so more elastic skill investment implies lower progressivity.
When skills are exogenous (ψ = 0), τ ∗ declines monotonically
with θ . The logic is simply that a larger value for θ implies less
inequality in wages and a smaller role for redistributive taxation. In contrast, in the cases with ψ > 0, the optimal degree
of progressivity is nonmonotone in θ . For high values for θ , reducing θ implies a higher optimal value for τ , driven, as in the
exogenous skills case, by the utilitarian planner’s desire to reduce
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between-skill consumption dispersion. Now the planner is also
concerned about progressive taxation reducing skill investment and thereby reducing aggregate productivity via the term
ψ
log(1 − τ ) in equation (34). This concern becomes quan(1+ψ)(θ−1)
titatively more important the lower is θ and the more complementary are different skill types in production. As θ → 1, the
consumption dispersion and progressivity forces exactly balance
out, and τ ∗ → 0—a flat tax system. Thus, optimal progressivity is
largest for intermediate values for θ . The finding that the optimal
value for τ is a hump-shaped function of θ is quite general: it also
applies when labor supply is inelastic (σ → ∞) and extends to the
case in which the planner has a Rawlsian maximin rather than a
utilitarian social welfare function.
3. Welfare from Preference Heterogeneity and Uninsurable
Wage Risk. The existence of heterogeneity in the preference for
leisure, through cross-sectional variation in ϕ, translates into dispersion in hours worked, earnings, and consumption. Line (e) of
the social welfare expression reflects this source of consumption
dispersion:
(37)

welfare cost of varϕ (log c) = (1 − τ )2

vϕ
.
2

This term is the familiar Lucas expression for the welfare cost
of consumption dispersion when the underlying shocks are lognormal: one-half of the ϕ-driven variance of log consumption times
the coefficient of risk aversion, which is equal to 1 in our model.
Uninsurable shocks are another key source of consumption
dispersion, and their contribution to social welfare shows up in
line (f) of equation (30):
(38)

welfare cost of varα (log c)

 ⎞⎤
⎡
⎛
)
1 − δ exp −τ (1−τ
vω
2
βδ
v
ω
⎠⎦ .
= ⎣(1−τ )
− log ⎝
γ −βδ 2
1−δ

When γ = β, this expression is approximately equal to (1 − τ )2 v2α ,
which, symmetrically with the cost of preference heterogeneity,
is one-half the α-driven variance of log consumption in the cross
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section.25 As can be seen from equations (37) and (38), a higher
value for τ reduces consumption dispersion stemming from both
preference heterogeneity and uninsurable risk. Since consumption inequality lowers welfare, these two forces push the optimal
τ toward 1, the value at which there would be zero consumption
dispersion.
4. Welfare from Insurable Wage Risk. The two terms in line
(g) of the welfare expression are also easily interpretable. Note
that


1
N(τ )
= vε ,
(39)
log
H(τ )
σ̂
(40)

varε (log h) =

1
vε .
σ̂ 2

The first term is the log productivity gain from insurable wage
variation. As we explained when discussing the equilibrium allocations, more insurable wage dispersion improves welfare because
individual hours worked become more positively correlated with
individual productivity and aggregate output increases. Hours
dispersion is, however, costly in welfare terms because of the convexity in the disutility of hours. This cost is captured by the last
term in line (g) of the welfare expression, the cross-sectional variance of log hours due to insurable shocks multiplied by σ , which
measures aversion to hours fluctuations.26 The sum of these two
terms (the productivity gain net of the disutility costs of hours fluctuations) is maximized at τ = 0, the value at which hours worked
respond efficiently to insurable shocks. Thus, greater insurable
wage risk will push τ ∗ toward zero, a flat tax.
V.C. When Should Taxes Be Progressive?
By differentiating the expression for social welfare in equation (30) with respect to τ , one can obtain a necessary and sufficient parametric condition for the optimal tax system to be progressive.
25. The approximation is extremely accurate for plausible parameter values
(see Online Appendix B.6).
26. As with the productivity gain from skill investment, the productivity gain
from insurable risk is multiplied by (1 + χ ), reflecting the additional value of an
extra unit of output when agents value government expenditures.
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PROPOSITION 6. [Condition for optimal progressivity]. τ ∗ is strictly
positive if and only if

(41)

ψ
(1 + ψ)θ


lower investment cost

>

1
(θ − 1)θ


+

+

less skill price inequality

ψ
(1 + ψ)(θ − 1)

lower productivity due to less inv.



+ χ

vϕ + vα



less α and ϕ inequality


ψ
1
+
.
1+σ
(1 + ψ)(θ − 1)


lower G due to less hours and less inv.

The terms on the left-hand side of equation (41) are the
marginal benefits from increasing progressivity at τ = 0, and
the ones on the right-hand side are the corresponding marginal
costs.27 The first term on the left-hand side is the utility gain
from lower skill investment costs, the second is the gain from reducing consumption inequality across skill types, and the third is
the gain from reducing consumption inequality due to differences
in uninsurable productivity shocks and preference heterogeneity.
On the right-hand side, the first term is the cost of lower output
associated with depressed skill investment. The second term reflects the diminished utility from public consumption due to the
decrease in G caused by lower hours worked and lower skill investment.
It is easy to verify that if χ = 0, then the condition for taxes to
be progressive is always satisfied. The larger is χ , the larger are
the costs of progressivity, making it more difficult to satisfy the
condition for τ ∗ > 0. A higher value for the investment elasticity
parameter ψ also makes the condition for τ ∗ > 0 harder to satisfy,
as does a larger labor supply elasticity (i.e., a lower value for σ ). In
both cases, a stronger behavioral response limits the temptation
to compress inequality by increasing progressivity. Conversely,
the larger is uninsurable risk, vα + vϕ , the more likely it is that
τ ∗ > 0. The effect of θ on optimal progressivity is ambiguous, as
discussed in Section II.
27. This condition is independent of the insurable variance vε because the
term in equation (30) involving this component is maximized at τ = 0, so the
marginal welfare effect from a change in τ is 0 at τ = 0.

Downloaded from https://academic.oup.com/qje/article-abstract/132/4/1693/3884644
by University of Oslo Library. Library of Medicine and Health Sciences user
on 25 January 2018

OPTIMAL TAX PROGRESSIVITY

1727

V.D. Optimal Marginal Tax Rate at the Top
One focus of the Mirrleesian approach to optimal taxation has
been characterizing the optimal marginal tax rate at the top of the
income distribution. Assuming an unbounded Pareto right tail for
exogenous labor productivity (and assuming the social welfare
function puts zero weight on agents far in the tail), Saez (2001)
shows that the optimal marginal tax rate at the top converges to

(42)

t̄ =

1+

ζu

1
,
+ ζ c (θ − 1)

where ζ u and ζ c are uncompensated and compensated labor supply elasticities.28 Thus, the thicker the right tail of the productivity
distribution (i.e., the smaller the Pareto coefficient θ ), the higher
the optimal marginal tax rate at the top.
Now consider a version of our model with χ = 0 and
vϕ = vω = vε = 0, so that heterogeneity in skills reflecting heterogeneity in ability κ is the only motive for taxation. This model
is observationally equivalent to the case considered by Saez: there
is a Pareto distribution for wages, with Pareto parameter θ . However, the underlying structure of the two models is quite different:
wage heterogeneity reflects endogenous dispersion in skill choices
in our model but exogenous differences in productivity in the standard Mirrlees setup.
We have not tackled the fully optimal Mirrlees tax problem in
our environment with skill investment, so we have no theoretical
analogue to equation (42). But within the parametric class of policies described by equation (1), we can compare the optimal policy
in our environment in which wages reflect skill investments to
the optimal policy when wages are exogenous and taxation only
distorts labor supply. Recall that in our model skills are exogenous when ψ = 0. Figure II shows that with ψ = 0, reducing θ
and thereby increasing inequality always implies higher optimal
progressivity, and thus higher marginal tax rates at high income
levels.29 This result mirrors the familiar Mirrleesian prescription
28. Given our utility function, as earnings increase, these elasticities converge
1
to zero and 1+σ
, respectively, and thus the efficient top marginal tax rate—given
exogenous wages—would converge to t̄ = 1+σ
σ +θ .
29. From equation (3), marginal rates are strictly increasing in progressivity
1
), ∞).
for any y ∈ (exp(− 1−τ
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that top marginal rates should be higher the heavier is the Pareto
tail. With endogenous skill choice (ψ > 0), in contrast, there is a
range of values for θ close to unity in which reducing θ and increasing wage inequality lowers optimal progressivity and thus
marginal tax rates at high income levels. Recall the logic for this
result: the more complementary the skill types are, the larger are
the productivity gains from a more uniformly dispersed skill distribution and thus the more costly are high tax rates at the top
that discourage skill investment by high-ability individuals.
Our finding that more inequality at the top reduces optimal
progressivity, in contrast to the standard Mirrlees prescription,
has an interesting parallel in Scheuer and Werning (2017), who
show that introducing superstar effects in a Mirrleesian framework reduces optimal marginal tax rates at the top, even though
these effects increase inequality.

VI. QUANTITATIVE ANALYSIS
In this section, we describe the model parameterization and
explore the quantitative implications of the theory. Next, we perform a robustness analysis with respect to (i) the assumption that
past skill investment is flexible, (ii) the size of government purchases, (iii) the degree of inequality aversion embedded in the
welfare function, and (iv) an alternative political-economic driver
of policy.

VI.A. Parameterization
Thanks to the closed-form solution for allocations, we can derive analytical expressions for the cross-sectional moments of the
joint equilibrium distribution of wages, hours, and consumption.
The explicit analytical links between structural parameters and
equilibrium moments allow us to prove identification of all parameters and to estimate the model given empirical counterparts
of these moments computed from commonly used micro data.
We begin by recognizing that in survey data, hours worked
and consumption are measured with error, and hourly wages
(computed as annual earnings divided by annual hours) inherit
measurement error from both variables. Let vμh , vμc , vμy denote the variances of reporting error in hours, consumption, and
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earnings, respectively, and assume measurement error is classical. If we tack on measurement error to log wages and the log
allocations in equations (20) and (21), and compute variances and
covariances of their joint cross-sectional distribution, we obtain:
(43)

1
+ vα + vε + vμy + vμh
θ2
1
var (log h) = vϕ + 2 vε + vμh
σ̂


1
var (log c) = (1 − τ )2 vϕ + 2 + vα + vμc
θ

var (log w ) =

1
vε − vμh
σ̂
cov (log h, log c) = (1 − τ ) vϕ


1
.
cov (log w, log c) = (1 − τ )
+
v
α
θ2

cov (log h, log w ) =

These moments contain most of the structural parameters of the
model. The variance of the uninsurable innovation vω is implied
by vα , given a value for δ.30
Based on our previous work (Heathcote, Storesletten, and
Violante 2014a), we set σ = 2, a value broadly consistent with the
microeconomic evidence on the Frisch elasticity (see, e.g., Keane
2011). From the same paper we set the variances of measurement
error to vμh = 0.036, vμy = 0, and vμc = 0.040. In light of our
estimate of the progressivity of the U.S. tax/transfer system above,
we set τ = 0.181.
It is easy to see that vϕ , vε , and vα + θ12 are overidentified by
the set of moments in equation (43). To separately identify the
cross-sectional variance of uninsurable risk, vα , from the crosssectional variance of skill prices, θ12 , we use the cross-sectional
moments var0 (log w), var0 (log c), and cov0 (log w, log c) at age a = 0,
which reflect only variation in skills acquired before labor market
entry, since vα0 = 0 by assumption.
Our data are drawn from two surveys, the Panel Study of
Income Dynamics (PSID) for 2000, 2002, 2004, and 2006 and the
Consumption Expenditure Survey (CEX) for years 2000–2006. We
30. The variance of α at age a is&vαa = avω so the cross-sectional uninsurable
∞
δ
variance in the model is vα = (1 − δ ) a=0
δ a vαa = vω 1−δ
.
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TABLE I
PARAMETERIZATION
δ

Baseline

χ

σ

vμh

vμy

vμc

vϕ

0.971 0.233 2.00 0.036 0 0.040 0.036
—
—
—
—
—
— (0.002)
Alternative 0.971 0.233 2.00 0.036 0 0.040 0.023
—
—
—
—
—
— (0.002)

vε

vα

θ

vω

0.164 0.098 3.124
0.003
(0.010) (0.007) (0.114) (0.0003)
0.139
0
2.0
0
(0.012) (0.000)
—
(0.000)

Notes. Estimates based on data from PSID and CEX, 2000–2006. See the main text for details. Bootstrapped
standard errors based on 500 replications in parentheses.

apply the same sample selection criteria outlined in Section II. We
first regress individual log wages, individual log hours, and household log consumption on year dummies, a quartic in age, and (for
consumption) household composition dummies. We then use the
residuals from these regressions to construct the empirical counterpart of the moments in equation (43) plus the three moments
at age “zero” (an average of ages 25–29 in the data).31 The minimum distance procedure therefore uses nine moments to estimate
four parameters (vϕ , vε , vα , θ ). We set δ = 0.971 to match an expected working life of 35 years, the same age span considered in
the micro data. All parameter values, including those that are
predetermined, are summarized in Table I.
The estimates in Table I imply that (i) the insurable component accounts for 45% of the model variance of wages, while the
uninsurable component and heterogeneity in skills each account
for just over 25%; (ii) cross-sectional dispersion in the disutility
of work effort explains 60% of model hours variation, whereas
insurable shocks explain the remaining 40%;32 (iii) dispersion in
the disutility of work accounts for 15% of consumption inequality, and uninsurable wage risk and skill heterogeneity are equally
important and account for the remaining 85%; (iv) the growth in
the variance of log consumption over the life cycle (ages 25–60) is
around 0.10. These findings are in line with those of Heathcote,
Storesletten, and Violante (2014a).
31. The resulting empirical moments used in the estimation are
var(log w) = 0.43, var(log h) = 0.11, var(log c) = 0.18, cov(log h, log w) = −0.01,
cov(log h, log c) = 0.03, cov(log w, log c) = 0.15, var0 (log w) = 0.28, var0 (log c) = 0.15,
and cov0 (log w, log c) = 0.10.
32. A key reason to allow for heterogeneity in ϕ is to be able to account for the
large empirical dispersion in hours worked.
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Our estimated value for θ is just above 3. An alternative way
to calibrate θ would be to exploit the fact that the top end of the
model income distribution is approximately Pareto with parameθ
ter θ , so that E[ p(ps()s̄|s>s̄]
= θ−1
. From our PSID sample, we estimate
)
that this ratio is stable and around 2 for income thresholds above
$250,000, which points toward θ = 2.33 Table I reports how parameter estimates change when we impose θ = 2 and reestimate
other parameters. We will examine how our results are affected
by this alternative parameterization.
The parameter ψ controls the elasticity of the skill premium
to τ and θ , where the skill premium is increasing in τ and decreasing in θ (see equation (23)). Thus, if we can measure the changes
over time in the factors that control the relative demand and relative supply of different skill types, log θ and log (1−τ ), as well
as the corresponding change in the skill premium, log (π 1 ), we
can identify ψ. Taking time differences of logs and rearranging
expression (23), we arrive at
(44)

ψ =−

 log θ +  log π1
.
 log (1 − τ ) +  log π1

Inferring a value of ψ from this equation requires estimates for
changes in the three variables on the right-hand side. We measure
these three changes between 1970–1976 and 2000–2006.
When we estimate τ for these two periods, we obtain
log (1−τ ) = 0.034.34 To estimate the change in the return to skill,
we need to take a stand on a measure of skills in the data. The most
natural and easily measurable is years of education. We therefore
estimate returns to skill on our PSID sample through a Mincerian
regression of log hourly wages on years of education, controlling
for race and a cubic function of age. We run two separate regressions, one for men and one for women, and average returns to
33. Tax return data on wage income tabulated by Piketty and Saez (2003,
Table B3) indicate a value for θ between 1.6 and 2.2 for 2000–2006, depending on
the threshold s̄. Thus, our estimate falls within this range.
34. We modify slightly our estimation strategy for τ outlined in Section II. The
reasons are that (i) TAXSIM does not accept the state ID before 1977, and thus
one cannot compute state taxes paid; and (ii) medical expenses are only available
in the PSID after 1999. To preserve consistency across the earlier and later time
periods, we (i) exclude state taxes from tax liabilities in both periods and (ii) use
gross income instead of taxable income in both periods. The new estimate of τ 00−06
is 0.145. For the period 1970–1976, we find higher progressivity: τ 70−76 = 0.174
(std. err. = 0.002) with R2 = 0.92, based on a regression on 12,977 observations.
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education between the two groups. We obtain π170−76 = 0.088 and
π100−06 = 0.118, and thus log π 1 = 0.29. We cannot use the change
in consumption inequality at age of labor market entry to estimate
log θ , since CEX data are not available for the 1970s. Instead,
we exploit the property that θ is the Pareto-tail coefficient of the
income distribution. We find θ 70−76 = 3.3 and θ 00−06 = 2.0, which
implies log θ = −0.50.35 Plugging these numbers into equation
(44) yields ψ = 0.65.
Finally, to set a value for χ , the relative weight on the
government-provided good in preferences, we take the view that
the fraction of output devoted to publicly provided goods g is chosen efficiently. In Section VI.F we show that all agents agree that
χ
. This provides a theog should be set to the efficient level g∗ = 1+χ
retical motivation for our calibration choice. Over the period 2000–
2006, g = YG = 0.189, and we therefore set χ = 0.233. Because the
optimal τ is sensitive to the level of government purchases, in
Section VI.D we discuss alternative scenarios.

VI.B. Results
Once the optimality condition g∗ = −χ is substituted into
equation (30) and values have been assigned to all the structural
parameters, one obtains social welfare W (τ ) as a function of τ
only. Figure III, Panel A plots this function, assuming γ = β. The
value of progressivity that maximizes social welfare is τ ∗ = 0.084.
The average welfare gain from reducing progressivity from the
current value of τ US = 0.181 to τ ∗ is equivalent to 0.63% of lifetime
consumption.
How different are the actual and optimal schemes? Note that
the ratio of the variance of log disposable income to pregovernment income is (1−τ )2 . Moving to the optimal scheme would increase this ratio from 0.67 to 0.84. The average income-weighted
marginal tax rate would drop from 34% to 26%. Figure D2 in
35. Note that we should expect to find a decline in θ over time. Suppose, to the
contrary, that θ was constant. Then the observed reduction in tax progressivity
should have induced an increase in the supply of relatively high skills and a decline
in the pretax skill premium. But in the data, the skill premium increased. Thus,
we should expect to find a relatively large decline in θ such that the resulting
increase in the relative demand for high skills dominates the effect of an increase
in relative supply (via less progressive taxation) in terms of the net effect on the
skill premium.
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FIGURE III
Panel A: Social Welfare as a Function of τ and Welfare Gain Relative to the
Current U.S. System. Panel B: Decomposition of Social Welfare into the
Components Described in Section V.B.
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Online Appendix D plots average and marginal tax rates for the
actual and optimal tax schemes.
Figure III, Panel B reconstructs W (τ ) by sequentially
adding all of its components. The first component is welfare
of the representative agent. As discussed, this is maximized at
τ = −χ = −0.233. Adding the skill investment component (the
productivity gain from skill investment net of education costs minus the welfare loss from between-skill consumption inequality)
pushes toward a more progressive system, and the optimal τ increases to −0.035. The concern for additional consumption inequality induced by preference heterogeneity further raises the
optimal τ to −0.007. Uninsurable shocks are a stronger source
of consumption dispersion, which is reflected in the substantial
upward jump in τ to 0.099 when this component is incorporated.
Finally, adding the productivity gain from insurable shocks pulls
τ back toward 0 to its final value of 0.084.
If consumption inequality was the government’s only concern,
τ would be optimally set to 1, and the tax/transfer scheme would
equate postgovernment income and consumption across households. Besides the need to fund public consumption, which we
analyze in Section VI.D, two forces limit progressivity: the distortion to labor supply and the distortion to skill investment.
To measure the strength of these two channels, we compute
the optimal τ in two special cases, one in which labor supply is
inelastic and a second in which the distribution of skills and skill
prices is exogenous.36 With inelastic hours the optimal τ is 0.281,
whereas with inelastic skills the optimal τ is 0.202. Thus, the
endogeneities of labor supply and skill investment play quantitatively important roles in limiting optimal progressivity. Note in
particular that absent endogenous skill investment, the welfaremaximizing policy would imply an increase in progressivity relative to the current tax system, whereas reducing progressivity is
optimal once this margin is incorporated.
The alternative model calibration described in Table I reinforces this latter result. With θ fixed at 2, skill heterogeneity generates more wage and consumption dispersion, and the estimation
therefore sets the variance of the uninsurable lifetime shocks vω
36. This latter case is obtained by excluding from the welfare function the first
two terms associated with the productivity gain from skill investment net of the
education cost.
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to 0. A larger role for endogenous skills in generating wage dispersion translates into lower optimal progressivity: τ ∗ = 0.034
corresponding to an average marginal rate of 22%.
VI.C. Progressivity When Past Skill Investment Is Fixed
Our baseline model assumes that past investments can be
freely reversed or supplemented if the tax system changes. This
assumption implies that (i) the optimal choice for τ is independent
of the preexisting distribution of skills, and (ii) transition following any tax reform is instantaneous. We now consider the opposite
extreme assumption, namely, that skill investment is chosen once
and for all at age 0 and can never be adjusted thereafter. This
introduces an additional force in the direction of more progressivity: the planner can now reduce consumption inequality without
distorting skill investments for agents who entered the economy
in the past.
Consider an unanticipated once-and-for-all change in the tax
system from (τ −1 , g−1 ) to (τ , g). With skill investment fixed at
age 0, output gradually evolves over time as the population share
of agents who make skill investments under the new tax regime
rises. Because the policy parameters (τ , g) are assumed constant
during transition, the budget-balancing value for λ is time varying. To maintain tractability in this version of the model, we
slightly modify the production structure by assuming that production is segregated by age groups. This assumption preserves
tractability because the density of skills within a cohort remains
exponential during the transition, whereas the economy-wide distribution does not. See Online Appendix D.3 for details.
When we set γ = β and assume that the initial
steady state corresponds to our estimated progressivity value,
τ −1 = τ US = 0.181, we find that the optimal permanent choice
for τ is now 0.146, compared with 0.084 in the baseline model
with flexible investment. The optimal choice for g is unchanged.
In the fixed investment model, the planner can use progressive
taxation to effectively expropriate the returns to past skill investments made by currently living individuals. The importance of
this effect depends on the planner’s intergenerational discount
factor, γ . As γ → 1, the fact that past skill investments can be expropriated becomes irrelevant, and in both the fixed and flexible
investment models the expression for social welfare corresponds
to expected lifetime utility for a newborn agent in steady state,
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implying a common welfare-maximizing value for τ of 0.061.37 The
lower is γ , and thus the less concerned is the planner about the
future, the larger is the incentive for expropriation in the fixed investment specification. Thus, reducing γ widens the difference in
optimal progressivity relative to the baseline flexible investment
model in which past investments can be costlessly reversed and
thus cannot be expropriated (see Figure D3 in Online Appendix
D.3).
VI.D. Modeling Public Consumption
A theme of this article is that there is an important interaction
between the size of government and the desired progressivity of
the tax and transfer system. Holding fixed all other structural parameters and the choice of the social welfare function, the optimal
tax and transfer system should be less progressive the larger is
desired government consumption (see Sections I and V.C). In contrast to our article, most previous analyses of tax design abstract
from the choice of public good provision and simply assume that
an exogenous level of nonvalued expenditure must be financed.
We now consider a version of the model in which the level of G is
exogenous, denoted Ḡ, but the government still chooses τ .
It turns out that increasing the exogenous value Ḡ works just
like increasing the preference parameter χ in the baseline endogenous G model: higher Ḡ implies lower optimal progressivity, denoted by τḠ∗ . Again, the planner internalizes that less progressive
taxation encourages labor supply and skill investment, and makes
it easier to finance expenditure. If Ḡ is equal to the level that is
optimally chosen in our baseline endogenous G model, so that
Ḡ = gU S Y (τ ∗ ), then τḠ∗ is equal to the optimal choice τ ∗ = 0.084 in
the baseline model.
However, the results are quite different if instead of fixing G
exogenously in levels, we model expenditure as a fixed exogenous
share ḡ of output. We maintain the assumption that government
consumption is nonvalued and set χ = 0. From Corollary 5, the
optimal choice for τ in the exogenous expenditure model is independent of ḡ. In fact, for any value for ḡ the optimal value τḡ∗ is
equal to 0.20, which is the optimal degree of progressivity in the
37. This value for τ is smaller than the baseline optimum (τ = 0.084) because
putting more relative weight on future generations (via a higher γ ) weakens the
planner’s desire to compress consumption inequality among existing older agents
(see line (f) of equation (30)).
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TABLE II

OPTIMAL PROGRESSIVITY UNDER ALTERNATIVE MODELS FOR GOVERNMENT SPENDING
Endogenous G
χ =0
χ = 0.233

τ∗
0.200
0.084

Exogenous G
Ḡ = 0
Ḡ = gU S Y (τ ∗ )

τḠ∗
0.200
0.084

Exogenous g
ḡ = 0
ḡ = gU S

τḡ∗
0.200
0.200

Note. In the exogenous G and exogenous g cases we always set χ = 0.

baseline endogenous G model in which agents derive no utility
from public goods (χ = 0).
Table II summarizes all these different cases, and
Figure D2 in Online Appendix D plots the corresponding average
and marginal tax rates. The key takeaway is that differences in
how government spending is modeled can have a large impact on
optimal progressivity. We conclude that government consumption
and the distribution of the associated tax burden are interrelated
policy choices that should be analyzed within a single integrated
framework.
VI.E. Inequality Aversion
Our baseline analysis assumes a utilitarian social welfare
function. In that case, the planner is just as motivated to use progressive taxation to reduce permanent consumption differentials
across individuals as it is to dampen consumption fluctuations for
an individual over time. We now explore a more general formulation, building on Bénabou (2002), which allows us to vary the
planner’s concern for redistribution with respect to preexisting
inequality.
Let U(κ, ϕ, α; g, τ ) denote expected lifetime utility for an agent
with characteristics (κ, ϕ, α) prior to drawing the current period
insurable shock (see equation (45)), and let c̄(κ, ϕ, α; g, τ ) denote
the certainty equivalent value for consumption that delivers U(κ,
ϕ, α; g, τ ), assuming equilibrium decision rules for hours and skill
investment. Thus,
1−τ
+ χ log G(g, τ )
1+σ


ψ
− (1 − τ ) − I{a>0} (1 − τ−1 )
ηκ,
(1 + ψ ) θ

U (κ, ϕ, α; g, τ ) = log c̄(κ, ϕ, α; g, τ ) −
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where the second term on the right-hand side is lifetime expected
disutility from labor supply, the third is lifetime utility from public
consumption, and the fourth is the skill investment cost, which
depends on whether the agent is newborn or an older individual
revising her investment decision given the change in progressivity.
The contribution to welfare from all agents of age a at the
onset of the tax reform, Va (g, τ ), is
  
Va (g, τ ) = log

c̄(κ, ϕ, α; g, τ )

1−ν

1−τ
+ χ log G(g, τ )
1+σ


− (1 − τ ) − I{a>0} (1 − τ−1 )

dFκ dFϕ dFαa

1
 1−ν

−

ψη
(1 + ψ ) θ


κdFκ ,

where ν ∈ (0, ∞) is a new parameter that defines the planner’s
aversion to within-cohort inequality in expected lifetime utility
from consumption due to heterogeneity in (κ, ϕ, α). The larger ν
is, the less substitutable is lifetime utility across agents and the
stronger the planner’s desire to equalize consumption through redistribution. Note that while the inequality-averse planner’s objective function allows for a flexible degree of aversion to inequality in lifetime utility from consumption, we have assumed that
the planner remains utilitarian with respect to skill investment
costs and disutility from labor supply, which are simply averaged
in the usual way.
In terms of how the planner weights different cohorts, we
assume, as before, a linearly additive formulation and set γ = β
so the planner discounts across generations at the same rate as
agents discount over time. Current and future newborn agents
are treated symmetrically and contribute V0 (g, τ ) to social welfare
(recall that transition is immediate). Thus, the planner’s objective
is
⎤
⎡
∞
∞


1
−
δ
⎣
δ a Va (g, τ ) +
β j V0 (g, τ )⎦ .
W ν (g, τ ) = (1 − β)
1 − βδ
a=1

j=0

Following algebra similar to that for the baseline utilitarian welfare expression, we can solve for W ν (g, τ ) in closed form.
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PROPOSITION 7. [Inequality aversion]. In the model with reversible
investment and γ = β, social welfare from implementing policy
(g, τ ) for a planner with inequality aversion parameter ν is
W ν (g, τ ) =
⎧
log(1−τ )
log(1 − g) + χ log g + (1 + χ ) (1+
− 1+1 σ̂
⎪
σ̂ )(1−τ )
⎪
⎪
⎪
⎪



⎪
θ (1+ψ )
⎪
1+χ
1
θ
⎪
ψ
log
1
−
τ
+
log
+
⎪
(
)
⎪
(1+ψ)(θ−1)
ηθ ψ θ−1
⎪
⎪
⎪
⎪
⎪
ψ
⎪
− (1+ψ
1 − τ)
⎪
)θ (
⎪
⎪
⎪
⎪
⎪
1
⎪
⎨ + log 1 − 1−τ
+ ν−1
log (ν − 1) 1θ (1 − τ ) + 1
θ
⎪
v
⎪
− (1 − τ )2 ν 2ϕ
⎪
⎪
⎪
⎪
⎪


⎪
⎪
1−β
δ vω
⎪
⎪
− (1 − τ )2 ν 1−β
⎪
δ
1−δ 2
⎪
⎪
⎪
⎪
⎪
(1−δ )
δ vω
⎪
− (1 − τ )2 β1−βδ
⎪
⎪
1−δ 2
⎪
⎪
⎪


⎩
+ (1 + χ ) σ̂1 vε − σ σ̂12 v2ε .

(a)
(b)
(c)
(d)
(e)
(f )
(g)
(h)

Lines (a), (b), (c), and (h) are identical to the corresponding
lines of our baseline welfare expression (equation (30)) and capture (a) welfare for a representative agent, (b) aggregate productivity gains due to skill investment, (c) the average net cost of skill
investment, and (h) the welfare gains associated with insurable
risk.38 The other components of social welfare reflect uninsurable
heterogeneity and risk, and here the planner’s attitude toward innate inequality (indexed by ν) matters. Line (d) is the cost of consumption inequality reflecting differences in skills, which in turn
are driven by heterogeneity in κ. Line (e) captures the welfare
cost of inequality due to uninsurable preference heterogeneity,
and line (f) is the cost of inequality due to uninsurable productivity heterogeneity reflecting past uninsurable ω shocks. Line (g)
captures the cost of future increases in consumption inequality
due to future ω shocks. Note that ν does not appear in this term,

38. On line (c), to simplify notation, we have omitted the term in τ −1 since
Corollary 3 applies here as well.
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TABLE III

OPTIMAL PROGRESSIVITY UNDER ALTERNATIVE VALUES FOR INEQUALITY AVERSION
Optimal progressivity τ ∗

Inequality aversion
ν
∞ (Rawlsian)
2
1 (Utilitarian)
0 (Inequality-neutral)

Baseline (vϕ , vω , vε ) = 0
1.000
0.190
0.084
−0.159

0.271
0.051
−0.035
−0.392

χ =0

(vϕ , vω , vε ) = 0, χ = 0

1.000
0.295
0.200
−0.026

0.394
0.187
0.115
−0.129

since the planner values insurance against future shocks just as
agents do.
We now consider the implications of alternative choices for
the parameter ν. First, as ν → 1, the expression for W ν (g, τ ) collapses to our original social welfare function W(g, τ ) defined in
equation (30). Thus, ν = 1 corresponds to a utilitarian planner.
Second, as we increase ν, the planner becomes more averse
to inequality in lifetime utility. A planner with ν = 2 (i.e., a relative risk aversion of 2 over individual consumption equivalents)
would choose τ = 0.19, just above our estimate for the current U.S.
tax/transfer system.
In the limit as ν → ∞, the planner is effectively Rawlsian.
In this case, the welfare costs of inequality due to preference heterogeneity and past uninsurable shocks (lines (e) and (f)) become
arbitrarily large, which pushes the optimal value for τ toward 1 as
long as either vϕ > 0 or vω > 0. However, the cost of consumption
inequality due to differences in skills always
remains finite: the

.
This
term does not exterm in line (d) converges to log 1 − 1−τ
θ
plode because skill prices are bounded away from 0, and beyond a
certain point, a marginal increase in progressivity will reduce the
low-skilled pretax wage by more than it increases net transfers.
Third, as ν → 0, lines (d), (e), and (f) drop out, indicating that
the planner is indifferent to consumption inequality due to initial
heterogeneity in κ and ϕ and to lifetime inequality due to cumulated past ω shocks. Line (g) is still present, though, revealing
that the planner still values insurance against future uninsurable
shocks.
Table III reports optimal levels for τ for a range of values
for the inequality aversion parameter ν and for four alternative
parameterizations of the model: our baseline parameterization, a
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version in which κ is the only source of heterogeneity, and those
two cases repeated but with χ = 0.
VI.F. Political-Economic Determination of Progressivity
After our characterization of optimality, it is natural to
ask the following question: if (g, τ ) were determined through a
political-economic mechanism, how would the voting outcome differ from the policy chosen by a utilitarian government? To maintain symmetry with our normative analysis, we restrict ourselves
to voting once and for all and retain the assumption that the skill
decision is reversible, so the transition to a new steady state is
immediate.
The challenge in analyzing a political-economic version of our
model is twofold. First, voting has two dimensions, (g, τ ). Second,
there are multiple sources of heterogeneity across households,
which potentially means that preferences over fiscal variables
may not be single peaked. In what follows, we show that (i) irrespective of the choice for τ , agents agree on the amount of G to
χ
of aggregate output;
be provided, and this amount is a fraction 1+χ
(ii) notwithstanding multidimensional heterogeneity, the attitude
of individual agents toward progressivity τ can be summarized by
a single summary statistic, so voters differ effectively along only
one dimension. As we shall see, these properties ensure that the
median voter theorem applies.
We begin by proving that all agents agree on the optimal
size of government. This is because increasing g delivers identical marginal utility gains to all agents from greater public consumption ( χg ) and identical marginal losses via associated higher
taxation ( 1λ ·

∂λ
).
∂g

PROPOSITION 8. [Agreement on G]. When voting over g, every agent
χ
, independently of the choice for τ .
prefers gmed = g∗ = 1+χ
We now consider voting over τ and make an additional simplifying assumption: voting occurs before the realization of the
i.i.d. insurable shock ε, so the individual state vector at the voting stage is (κ, ϕ, α). For an agent with characteristics (κ, ϕ, α),
expected lifetime utility (ignoring, as usual, the separable term in
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τ −1 ) is given by

U (κ, ϕ, α; g, τ ) = W (g, τ ) − (1 − τ )


(45)

βδ vω
1 − βδ 2

βδ vω
vϕ
1
ψ 1
+ (1 − τ )
+
− +
γ − βδ 2
2
θ
1+ψ θ


η
ψ η
+ (1 − τ ) α − ϕ + κ −
κ .
θ
1+ψ θ



PROPOSITION 9. [Median voter]. Under majority rule voting, the
equilibrium τ is the value that maximizes equation (45) for
the agent with the median value for the random variable x =
1 η
κ.
α − ϕ + 1+ψ
θ
The median voter theorem applies because preferences are
single peaked in τ . This follows from the concavity of W (g, τ )
(Corollary 4). Concavity in W (g, τ ) translates into concavity in
U(κ, ϕ, α; g, τ ) since the additional terms in equation (45) are
linear in τ . From the last line of this equation, it can be seen
that for the purposes of characterizing attitudes to progressivity,
the three-dimensional vector (κ, ϕ, α) can be collapsed into the
sufficient statistic x. Since x is a linear combination of normal
(ϕ, α) and exponential (κ) variables, it is an EMG random variable.
We find that the median voter—the agent with the median
value for x—would choose τ med = 0.144, a choice that is significantly higher than the utilitarian planner’s choice (τ ∗ = 0.084).
To understand why the median voter prefers more progressivity, note first that in the limiting case θ → ∞ and vω = 0,
U x med; g, τ = W (g, τ ), so she would choose exactly the same progressivity as the utilitarian planner. Thus, the reason the median
voter prefers a higher value for τ has to do with the existence
of permanent uninsurable shocks (vω > 0) and heterogeneity in
skill prices (θ < ∞ ). With respect to the former, the median voter
wants a higher τ because, in contrast to the utilitarian planner,
she does not care about future cohorts whose initial uninsurable
shock dispersion will be low. With respect to skill heterogeneity,
the agent with median ability κ has less than average ability because κ is exponentially distributed. She therefore prefers more
redistribution.
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VII. SKILL INVESTMENT CONSTRAINTS
So far, our analysis has abstracted from potential constraints
that might limit skill investments, such as inadequate parental resources or credit constraints. We now consider an extension to the
model in which some workers do not get a chance to accumulate
skills because their families are so poor that they cannot afford
any skill investment. The welfare gains from progressive taxation are now potentially larger because redistribution can help
lift families out of poverty and thereby broaden opportunities for
skill acquisition. In the context of schooling, several authors have
argued that redistribution could increase educational investment
by relaxing borrowing constraints (e.g., Fernández and Rogerson
1998; Bénabou 2002; Seshadri and Yuki 2004; for a survey, see
Lochner and Monge-Naranjo 2012).
When a worker dies (which happens with probability 1−δ),
she is replaced by a child. There is no intergenerational altruism,
so a child does not receive any bequests from the parent-worker
she replaces. The fixed effects (ϕ, κ) are assumed independent
across parents and children.
Workers can be either skilled or unskilled, and the fate of
a newborn worker is sealed at birth. Independently of parental
income, a share  of the newborn are unable to invest in skills
and therefore become permanently unskilled (e.g., because of a
high psychic cost of schooling). The opportunities of the remaining share (1−) of the newborn hinge on the financial resources
of their parents. In particular, a newborn child can make a skill
investment only if her parent’s consumption exceeds a threshold
c in the last period of the parent’s life. Children who are lucky
enough to get a skill investment opportunity are exactly like the
workers analyzed in the previous sections: they draw an investment cost κ, choose an investment level s, and earn a wage per
efficiency unit p(s). All unskilled workers earn the same wage w.
Both w and c are exogenous parameters.
The law of motion for the share of unskilled workers ξ t is
(46) ξt+1 = δξt + (1 − δ ) ξt · [ + (1 − ) Pr(c < c | unskilled)]
+ (1 − δ ) (1 − ξt ) [ + (1 − ) Pr(c < c | skilled)].
Note that with larger , the more children become unskilled for
reasons unrelated to parental resources, and hence the smaller
the scope for influencing human capital through redistribution.
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Equilibrium labor supply for all workers in this model remains as described in Proposition 2. Consumption for skilled
workers is also as in Proposition 2, up to a different value for λ.
Consumption for the unskilled has the same form, except that the
skill price p(s) is replaced by w. Given the consumption rule, we
can evaluate the probabilities that skilled and unskilled parents’
consumption exceeds the threshold c, which in turn determine
intergenerational transition probabilities. Online Appendix B.14
contains all these expressions and additional details on this model
extension.
As before, we focus on tax reforms in which the progressivity parameter τ is changed once and for all. This analysis
must be done numerically because changes in τ induce transitional dynamics in the share of unskilled workers, ξ t , according to
equation (46).
We now describe how the new parameters w, c, and  are
calibrated (all other parameter values are unchanged). We identify an unskilled worker as a high school dropout. In 2000, the
median labor earnings of full-time high school dropouts was 54%
of the median earnings of all full-time workers with more than
a high school education.39 This pins down the unskilled wage w.
According to the National Longitudinal Survey of Youth 1997, the
probability of a child becoming a high school dropout given that
her parent is a high school dropout is 35.5%. The corresponding
number when the parent is a high school graduate is 13.5%.40
We use these two moments as targets for the two parameters 
and c. The implied parameter values are  = 12.5% and c equal
to 50% of median consumption. These parameter values imply
that 26.3% (1.2%) of children of high school dropouts (graduates)
live in families that fall below the consumption threshold. Thus,
the calibrated model has the features that (i) most children of
unskilled parents have a chance of becoming skilled because the
consumption floor is quite low; (ii) very few skilled parents are so
39. Authors’ computation based on the following Bureau of Labor Statistics
data sources: employment status of the civilian population 25 years and over by
educational attainment, Labor Force Statistics Table A-4; median usual weekly
earnings of the employed population 25 years and over by educational attainment.
40. The calculations are based on the sample used in Abbott et al. (2013).
These probabilities are obtained by averaging across the probabilities of children
becoming dropouts conditional on their mother’s and father’s education. If these
probabilities were constant over time, the steady-state unskilled share ξ would be
17.3%.
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TABLE IV
OPTIMAL PROGRESSIVITY WITH SKILL INVESTMENT CONSTRAINTS

Baseline (exogenous ξ = 0)
Extension with exogenous ξ = 17.3%
Extension with endogenous ξ

Long-run ξ at τ ∗

τ∗

Welfare gain: τ US to τ ∗

0
17.3%
17.2%

0.084
0.132
0.168

0.62%
0.17%
0.01%

poor that their children cannot afford to become skilled, although
some of those children become unskilled for exogenous reasons;
and (iii) tax policy has little effect on the rate at which children
of skilled parents become unskilled, whereas it can influence the
rate at which children of unskilled parents become skilled.
This model extension increases the optimal degree of tax progressivity significantly compared to our baseline. Two forces are
at work. First, the mere presence of unskilled workers induces
the utilitarian planner to increase redistribution, both because
these unskilled workers are relatively poor and because these
workers’ skill investments are necessarily insensitive to the tax
system. If we hold the share of unskilled workers fixed at the
initial steady-state level associated with τ US , thereby abstracting
from the effects of τ on the dynamics of ξ t , this force alone would
induce the planner to choose notably higher progressivity than in
the baseline model: τ ∗ = 0.132 (second row of Table IV), up from
τ ∗ = 0.084 in the absence of any unskilled workers.
The second force is that the planner now wants to use redistribution to influence the share of unskilled workers. The long-run
steady-state share ξ (τ ) turns out to be a U-shaped function of τ .
This is a result of two opposing effects of tax progressivity on ξ . On
the one hand, a larger τ expands redistribution to the poor. This,
in turn, increases the number of children with parents above the
consumption cutoff, which tends to make ξ a declining function of
τ . On the other hand, a larger τ distorts incentives to work and
invest in skills and lowers average earnings and consumption.
This force tends to make ξ an increasing function of τ .
Around the empirical tax rate τ US , higher progressivity lowers the share of unskilled workers. When taking into account this
effect of τ on ξ , the optimal degree of progressivity increases further to τ ∗ = 0.167. Since this is almost identical to our empirical
estimate for the United States (Section II), the welfare gain from
tax reform is now negligible.
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Suppose the government could devise a costless policy reform that would remove all investment constraints and effectively
lower c to 0. Such a policy would lead the economy to converge to
a new steady state with only 12.5% of workers unskilled, 5 percentage points below the current U.S. level. The aggregate welfare
gain of implementing such a policy would be 1.6%. The gain is relatively small because the transition to the new steady state takes
a whole generation.

VIII. EMPIRICAL EVIDENCE
The aim of this section is to assess whether the key implications of our baseline model for the determinants of optimal progressivity find empirical support in a cross-country panel data set.
Proposition 4 (for the special case γ = β) establishes that optimal
progressivity τ ∗ depends on seven model parameters: (σ , ψ, χ , θ ,
vα , vϕ , vε ). In what follows, we assume that preference parameters
σ and ψ (defining, respectively, curvature over labor supply and
over skill investment) are common across countries. We then use
available data to construct country- and time-specific estimates of
tax progressivity and empirical proxies for the other parameters,
and ask whether observed progressivity covaries with these proxies in the same way that optimal theoretical progressivity varies
with the corresponding parameters.
For cross-country estimates of progressivity, we use the World
Tax Indicator (WTI) database (Andrew Young School of Policy
Studies 2010). This is the most comprehensive and comparable measure of tax progressivity available.41 For each countryyear pair (c, t), the database reports an index of marginal
rate progression (MRP), which is the slope coefficient obtained
from regressing marginal tax rates on logged gross income.
In our model, the marginal tax rate schedule is given by
MTR(y) = 1−λ(1−τ )y−τ . Using the approximation MTR(y)
−log (1−MTR(y)) = −log (λ(1−τ )) + τ log (y), it is clear that MRP
τ.
41. The main shortcoming of the WTI data, from the standpoint of estimating
the progressivity of the overall tax and transfer system, is that they do not include
government transfers. The estimated τ US from the WTI database is around 0.06.
This is very similar to the corresponding estimate based on IRS data provided by
Guner, Kaygusuz, and Ventura (2014), which similarly does not include transfers
(see their Table A5).
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Our proxy for χ is the share of government purchases in outχ
put, g = YG , which equals 1+χ
under the optimal model policy. Data
on governments’ share of GDP come from the Penn World Tables
(PWT) database (Feenstra, Inklaar, and Timmer 2015). The model
predicts that τ should decline with g.
The remaining parameters (θ , vα , vϕ , vε ) shape income inequality. The model’s predictions for the relationship between optimal progressivity and inequality are subtle. Recall that income
inequality in our model has two sources: endogenous skill investment and exogenous variation in labor productivity and the taste
for work. The first source implies a hump-shaped relation between
the optimal τ and θ , as depicted in Figure II. The second source
dictates that the optimal τ is increasing in the uninsurable components of earnings inequality, vα and vϕ , but declining in the
insurable component, vε . The overall model income distribution
is Pareto log-normal (PLN), where θ is the Pareto-Lorenz coefficient, and (vα , vϕ , vε ) determine the variance of the log-normal
component, which we denote v̄ hereafter.
The most comprehensive cross-country data set on income inequality is the Standardized World Income Inequality Database
(Solt 2016), which contains estimates of Gini coefficients for equivalized household market income. The World Wealth and Income
Database (Alvaredo et al. 2016) provides direct estimates of the
Pareto coefficient θ for a smaller number of countries. Note that
the Gini index of a PLN distribution can be expressed in closed
form as a function of θ and v̄. Thus, given country-year-specific
values for the Gini and for θ , we can recover estimates for v̄.
We choose 1990 as a starting year because many countries
have missing data in earlier years and because this start date
allows us to include the countries in the Eastern bloc. The last
year in the sample is 2005. Our final data set, which combines
the four databases described above, merged by country-year, comprises 1,585 country-year observations in its largest configuration.
The number of countries grows from 65 in 1990 to over 100 in the
most recent years. The version of the data set that also includes
estimates for Pareto coefficients has 351 country-year observations and covers 26 countries, most of which are present for all
16 years.
We run two sets of regressions, one on our larger sample of
countries and one on the smaller. The general specification is
MRPtc = Dt + β0 gtc + β1 Xtc + εtc ,
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TABLE V
EMPIRICAL DETERMINANTS OF PROGRESSIVITY ACROSS COUNTRIES
(1)
MRP

G
Y

Income Gini
θ
θ2
ν̄
Regional dummies
Development dummies
N
Adj. R2

(2)
MRP

(3)
MRP

(4)
MRP

(5)
MRP

(6)
MRP

−0.0658∗∗∗ −0.254∗∗∗ −0.0382∗ ∗ −0.303∗∗∗ 0.0431∗∗∗ −0.185∗∗∗
(−5.08)
(−5.82)
(−2.67)
(−6.01)
(3.52)
(−4.07)
0.0992∗∗∗
0.0738∗∗∗
0.0746∗∗∗
(4.95)
(6.89)
(5.42)
0.123∗∗∗
0.00451
0.139∗∗∗
(7.89)
(7.11)
(0.22)
−0.0266∗∗∗
−0.0225∗ ∗ ∗
−0.0000972
(−8.62)
(−7.52)
(−0.02)
0.00585
0.0219∗∗
0.0248∗∗∗
(3.83)
(0.67)
(3.30)
N
N

N
N

Y
N

Y
N

Y
Y

Y
Y

1,585
0.035

351
0.346

1,585
0.280

351
0.478

1,585
0.451

351
0.629

Note. t-statistics in parentheses: ∗ p < .05, ∗∗ p < .01, ∗∗∗ p < .001.

where MRPtc (our proxy for τ ) is the index of marginal rate progression in country c in year t, Dt are year dummies, gtc is government’s share of output in country c in year t, and the vector
Xtc contains the proxies for income inequality that are available
in the particular sample. For the larger sample of countries, Xtc
is simply the income Gini, whereas for the subsample in which
estimates for the Pareto coefficient are available, it is the triple
(θtc , (θtc )2 , v̄tc ). This second specification is theoretically preferable
because it allows us to test whether the distinct theoretical implications of endogenous versus exogenous income inequality for
optimal progressivity are supported empirically. In all our regressions, we weight each country-year observation by the square root
of GDP for that country-year.42 Table V reports our findings.
The regression in column (1) uses the larger sample. The coefficient on government’s share of output is negative, as predicted
by the model, and the one on inequality is positive.43 Both are
42. We obtain similar results when weighting by country population or not
weighting at all.
43. In contrast, Guvenen, Kuruscu, and Ozkan (2014) estimate a negative
relation between gross income inequality and progressivity (both measured differently from the indicators we use). They use only a small subset of the countries in
our data set (United States, Denmark, Finland, France, Germany, Netherlands,
Sweden, United Kingdom). When we run our regression on this subset of countries,
we also find also a negative coefficient, but one that is not statistically significant.

Downloaded from https://academic.oup.com/qje/article-abstract/132/4/1693/3884644
by University of Oslo Library. Library of Medicine and Health Sciences user
on 25 January 2018

OPTIMAL TAX PROGRESSIVITY

1749

significant at the 1% level. The regression in column (2) uses the
smaller sample and constitutes the purest test of the theory. The
coefficient on gtc remains negative and significant. The coefficients
on θ and θ 2 are strongly significant and support the hump-shaped
relation implied by the model. Finally, the coefficient on v̄tc is positive and significant, again as predicted by theory (assuming variation in v̄tc primarily reflects variation in vα or vϕ ).
In the remaining columns we introduce additional dummies. Columns (3) and (4) add seven regional dummies, and
columns (5) and (6) add four additional dummies for the country’s
level of development (both based on the World Bank classification).44 Controlling for regional dummies increases the R2 of the
regressions and leaves all results qualitatively unchanged, except
for the significance of the coefficient on v̄tc . Adding development
dummies changes the sign of the coefficient on gtc in column (5),
but the sign is restored in the richer specification with the smaller
sample in column (6). In this last regression, the coefficients on the
Pareto tail lose significance, but the one on v̄tc remains negative
and significant.
Overall, this first pass at the data indicates that our theory
identifies qualitatively relevant determinants of tax progressivity.
We now ask whether the estimated coefficients from regressing
observed progressivity on government purchases and income inequality are quantitatively consistent with the theory. The true
theoretical relationship is nonlinear, but we can compute the local
sensitivity of progressivity to these determinants for perturbations around our baseline parameterization to the United States.
To do so, we start with equation (30), take the first-order
condition with respect to τ to derive an expression that implicitly defines the welfare-maximizing value for τ , and then use the
implicit function theorem to compute the sensitivity of optimal
progressivity to various structural parameters. We use the soχ
to translate
lution for the optimal size of government g = 1+χ
progressivity sensitivity with respect to τ to predicted sensitivity with respect to g. For predicted sensitivity with respect to the
44. The case for adding these extra dummies is that they might capture actual determinants of progressivity that are not included in our theory. The case
against including them is that if the theoretical determinants of progressivity are
empirically relevant but noisily measured, then adding dummies that are correlated with these noisy variables could artificially reduce their estimated statistical
significance.
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variance of the normal component of income (v̄ in our empirical
v
specification), we fix the ratios vv̄α , v̄ϕ , and vv̄ε at their estimated
is
values for the United States. The theory-predicted value for dτ
dg
−0.690 compared to the regression coefficient of −0.254 reported
in column (2) of Table V. The theory-predicted value for dτ
is 0.175
dv̄
compared to the empirical value of 0.025. Thus, while the empirical regression coefficients have the right sign, they are smaller in
magnitude than predicted by the model. Note, however, that to the
extent that v̄ and g are measured with error in our data sets, the
empirical coefficients will be biased toward 0.45 Online Appendix
C provides more details on the data sets used in our regressions,
additional sensitivity analysis, and closed-form derivations for the
theoretical counterparts to the empirical regression coefficients.

IX. CONCLUSIONS
This article develops an equilibrium framework to study the
optimal degree of progressivity of the tax system. The framework
restricts the policy space to a particular functional form for the
tax and transfer schedule with two salient features: (i) the model
is fully tractable, and (ii) the functional form offers a good fit to the
current U.S. system. Our main result is an expression for social
welfare as a function of (i) policy parameters defining the degree
of tax progressivity and the size of government and (ii) structural
parameters defining preferences, technology, and households’
access to private insurance. These parameters regulate the relative strengths of the economic forces pushing for and against
progressivity. A utilitarian planner wants a progressive tax system to redistribute against inequality in initial conditions and to
offer social insurance against life cycle productivity shocks that
households cannot smooth privately. At the same time, the planner understands that higher progressivity distorts labor supply
and skill investment.
When we parameterize the model and quantify the net impact
of the various forces for and against progressivity, our baseline
45. It is difficult to summarize the theoretical sensitivity of τ with respect to
the Pareto coefficient θ , because this relationship is nonmonotonic (see Figure II).
We can note, however, that the regression coefficients in column (2) of Table V
imply that progressivity in the data tends to be largest for countries with θ around
2.6, whereas given our baseline parameterization, the progressivity-maximizing
value in the model is θ = 1.5.
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model suggests that a utilitarian planner could generate welfare
gains by making the U.S. tax and transfer system less progressive.
This result stands in contrast to most of the existing literature.
For example, Saez (2001, Table 2) found optimal marginal tax
rates to be around 50%, significantly higher than the current U.S.
rates.
We emphasize two forces that limit the optimal degree of progressivity in our model. The first is that progressivity discourages
skill investment and thereby reduces pretax wages and labor supply. In our baseline calibration, this effect is quantitatively important. Furthermore, even though wages do reflect skill investment
choices, tax progressivity is not an effective way to compress inequality in pretax wages because greater relative scarcity of highskill workers increases the skill premium in general equilibrium.
A second force limiting the optimal degree of progressivity
is the need to provide public goods. We jointly analyzed the optimal size of government and the optimal tax/transfer system and
found an important interaction between them: the more net revenue must be collected to finance public consumption, the less
progressive the tax system should be. The logic is that individual
households tend to underinvest in skills and work too little because they do not internalize the value of the public goods that
additional tax payments can finance. Lower marginal tax rates
(achieved through lower progressivity) help narrow the gap between private and social returns.
Although our baseline utilitarian model suggests a case for
making the current U.S. tax and transfer system less progressive,
several additional factors push in the opposite direction. First,
a planner who is more inequality averse than our utilitarian
baseline would prefer higher progressivity. Second, progressivity should also be higher if poverty is a barrier to skill investment. We explored an extension in which progressive taxation, by
alleviating poverty, mitigates such investment constraints, inducing a larger optimal τ . This extension underscores the importance
of the active research agenda on the role of credit constraints in
skill investment.
Finally, our cross-country study of the correlates of variation
in observed tax progressivity offers some empirical support for
the theory’s predictions about how progressivity should optimally
vary with government purchases and income inequality.
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