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Abstract

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 imper-

fect private insurance against idiosyncratic earnings risk. On the other hand, progressivity reduces

incentives to work and to invest in skills, distortions thatare especially costly when the govern-

ment 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 understand-

ing 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 themodel where poverty constrains skill in-

vestment, optimal progressivity is close to the U.S. value.An empirical analysis on cross-country

data offers support to the theory.
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I. I NTRODUCTION

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 lifecycle earnings shocks into consumption

indicate limited private risk sharing (e.g., Cochrane 1991; Attanasio and Davis 1996). Perhaps

more importantly, 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.

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 inpretax wages and undermine the original

redistributive intent (e.g., Feldstein 1973; Stiglitz 1985).

An additional factor that has an impact on desired progressivity is the need to finance gov-

ernment purchases of goods and services. Individuals do notinternalize that the additional output

associated with working more hours or acquiring more skillsallows the government to supply more

public goods. This free-riding problem increases the social cost of a progressive tax system.

In this paper 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 ex-

tension 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 who 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 sub-

stitutability across skill types determines the marginal product and equilibrium price of each skill
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type.

The government uses a nonlinear income tax and transfer system to provide social insurance

and to finance publicly provided goods and services. Net taxes as a function of individual earnings

y are given by the functionT (y) = y − λy1−τ , where the parameterτ indexes the progressivity

of the system. The parameterλ determines net tax revenue and thus the share of outputg devoted

to public goods. One contribution of our paper is to show thatthis functional form offers a good

approximation of the actual tax and transfer system in the United States.

We derive a closed-form expression for social welfare as a function ofτ andg and the struc-

tural 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 benev-

olent planner. The planner’s desire to provide social insurance against privately uninsurable wage

shocks calls forτ > 0 (i.e., marginal tax rates that rise with earnings). Similarly, heterogeneity

in innate learning ability and in diligence translates intoconsumption 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 pre-

mia 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. Underour baseline parameterization, a util-

itarian government chooses less progressivity than is currently embedded in the U.S. tax/transfer

system. The optimal value forτ is 0.084, whereas the current estimated value is0.181. These val-

ues for progressivity translate into average (income-weighted) marginal tax rates of26% and34%,

respectively. Switching to the optimalτ yields welfare gains of half a percent of lifetime consump-

tion. 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
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one of these three channels, the optimalτ 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 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 versus0.084.

We consider two extensions of the baseline model in which we introduce frictions to skill in-

vestment. In the first, we prevent existing cohorts from adjusting their skill choice following a

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. Progres-

sive taxation can now expand human capital investment on theextensive margin while still reducing

investment for those unconstrained. In both of these versions of the model, optimal progressivity

is similar to that observed in the United States.

Our paper contributes to the Ramsey-style literature that investigates the determinants of opti-

mal 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 thatcan be derived as an equilibrium out-

come 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 Lud-

wig (2013). Our environment is richer than those papers along some dimensions (preference het-

erogeneity, 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 pro-

gressivity within a given parametric class of tax/transferschemes. In contrast, the Mirrlees (1971)

approach to optimal taxation imposes no constraints on the form of the tax schedule and focuses
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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 (Farhi and Wern-

ing 2013; Golosov, Troshkin, and Tsyvinski 2016; Gorry and Oberfield 2012), human capital

accumulation (Stantcheva 2015), and imperfect substitutability across worker types (Rothschild

and Scheuer 2013). Our model embeds all of these ingredientsyet remains tractable, at the cost

of exogenously restricting the class of tax schedules available to the planner. However, we will

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 of the paper we inves-

tigate the positive content of the theory by exploring whether it can help to account for observed

cross-country variation in tax progressivity. Consistentwith the theory’s prescriptions for optimal

policy, we find that tax progressivity falls with governmentpurchases of goods and services, and

rises with appropriate measures of income inequality.

II. TAX FUNCTION

LetT (y) be net tax revenues at income levely. 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 parameterτ determines the degree of progressivity of the tax system andis the key object

of interest in our analysis. There are two ways to see whyτ is a natural index of progressivity.

First, equation (1) implies the following mapping between disposable (postgovernment) earnings

ỹi and pregovernment earningsyi :

(2) ỹi = λy1−τi .
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Thus,(1− τ) measures the elasticity of posttax to pretax income.1 Second, a tax scheme is com-

monly labeled progressive (regressive) if the ratio of marginal to average tax rates is larger (smaller)

than 1 for every level of incomeyi. Within our class, we have

(3)
1− T ′ (yi)

1− T (yi) /yi
= 1− τ.

Whenτ > 0, marginal rates always exceed average rates, and the tax system is therefore progres-

sive. Conversely, the tax system is regressive whenτ < 0. The caseτ = 0 implies that marginal

and average tax rates are equal: the system is a flat tax with rate1− λ.

Givenτ , the second parameter,λ, shifts the tax function and determines the average level of

taxation in the economy. At the break-even income levely0 = λ
1
τ > 0, the average tax rate is

zero and the marginal tax rate isτ . If the system is progressive (regressive), then at every income

level below (above)y0, the average tax rate is negative and households obtain a nettransfer from

the government. Thus, this function is best seen as atax and transferschedule, a property that has

implications for the empirical measurement ofτ .

Let g denote the fraction of output devoted to public consumption. Assuming a balanced bud-

get, so thatgY =
∫
T (yi) di, the average income-weighted marginal tax rate is simply

(4)
∫
T ′ (yi)

(yi
Y

)
di = 1− (1− τ) (1− g) .

From equation (4) it is immediate that the average income-weighted marginal tax rate is increasing

in both progressivityτ and government’s share of outputg. Wheng = 0, the average income-

weighted marginal tax rate is exactlyτ .

Empirical fit: We now demonstrate that this functional form offers a remarkably good repre-

sentation of the actual tax and transfer system in the UnitedStates.

Because the U.S. tax system allows for numerous deductions and exemptions from gross in-

come, it is important to distinguish between statutory and effective tax rates. The appropriate

empirical counterpart to model progressivityτ is the degree of progressivity ofstatutoryrates. In

Online Appendix A, we show that (i) it is statutory rates thataffect individual consumption/leisure

1Musgrave (1959) refers to1 − 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).

5



and skill investment choices, and (ii) if we use taxable income (i.e., gross income net of deduc-

tions) as our empirical measure of incomey, then equation (2) can be used to deliver an estimate

for τ that captures precisely the progressivity of statutory taxrates.

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 withthe NBER’s TAXSIM program

(Feenberg and Coutts 1993).2

Pregovernment gross household income includes labor earnings, self-employment income, pri-

vate transfers (alimony, child support, help from relatives, miscellaneous transfers, private retire-

ment income, annuities, and other retirement income), plusincome from interest, dividends, and

rents. Taxable income is gross income minus deductions. Foreach household in the data, we com-

pute 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, while 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 ob-

tain 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 incomẽy equals pregovernment income minus taxes plus transfers. Taxes

include federal and state income taxes as well as the total FICA tax (both employer and em-

ployee 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 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

2The sample selection criteria follow closely those appliedby 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, in order to focus on theactive 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.

3Whenever 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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FIGURE I: Representation of the actual U.S. tax/transfer system through our tax/transfer function.
The estimated value for progressivity isτUS = 0.181. Source: PSID 2000-06 and TAXSIM.

make any imputation for Medicare benefits because such entitlements are only conditional on age,

not on years of work.

We estimateτUS by ordinary least squares using equation (2) in log form. Thepoint estimate is

τUS = 0.181 (S.E. = 0.002). This simple model fits the empirical relationship betweenpre- and

postgovernment income distributions remarkably well, yielding anR2 of 0.91. In Figure I(a) we

collapse our12, 875 observations into percentiles.4 Figure I(b) plots the average and marginal tax

rates implied by our tax/transfer scheme evaluated atτUS.5 The implied income-weighted average

marginal tax rate is0.34. For the same period, Barro and Redlick (2011) report a slightly higher

income-weighted average marginal tax rate—around37%.

In Figure I(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 (2016)

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 sub-

stantially across households, and some households simultaneously enrolled in multiple welfare

4The 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).

5Guner, Kaygusuz, and Ventura (2014) estimate this same function on a large cross-sectional dataset 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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programs face high marginal tax rates where benefits are phased out. While our parametric func-

tional form cannot capture this variation in tax rates at lowincome levels, we note that families

with less than $10,000 of taxable income represent less than10% of all taxpayers aged 25-60 in

the United States, and less than 2% of our sample of households active in the labor market.

Robustness:The PSID data have three potential limitations for the purposes of estimating pro-

gressivity: (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-taxincome, 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 bene-

fits provided by Medicare and Medicaid. Moreover, the CBO also 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

parameterτUS for the 2000-2006 period and obtainτUS = 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 will use the PSID-based estimate (τUS = 0.181) in our baseline analysis.

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 much more or lessprogressive 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 inT (yi). First, it is either globally convex in income,

6The 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 transfersfrom the Annual Social and Economic Supplement to
the Census Bureau’s Current Population Survey (CPS).

7There 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.

8We 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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if τ > 0, or globally concave, ifτ < 0. As a result, marginal tax rates are monotonic in income.

Second, it does not allow for lump-sum cash transfers, sinceT (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 = τUS to the constrained-

efficient Mirrlees system ia 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 (1) are not particularly

important from a normative standpoint.

III. E CONOMIC ENVIRONMENT

We describe the economy in steady state and omit time subscripts.

Demographics: We adopt the Yaari “perpetual youth” structure. At every agea, an agent

survives to the next period with constant probabilityδ < 1. Each period a cohort of newborn

agents of size1 − δ enters the economy. There are no intergenerational links.11 We index agents

by i ∈ [0, 1].

Life cycle: The life of every individuali starts with an initial investment in skills. After

choosing skill levelsi at agea = 0, the individual enters the labor market and starts facing random

fluctuations in labor productivityzi. Every period she chooses market hours of workhi ≥ 0 and

consumption of a private goodci.

Technology: OutputY is a constant elasticity of substitution aggregate of effective hours sup-

plied by the continuum of skill typess ∈ [0,∞),

(5) Y =

(∫ ∞

0

[N (s) ·m (s)]
θ−1
θ ds

) θ
θ−1

,

9Our model can in principle capture (as part of the public goodG) lump-sum transfers in the form of in-kind goods
or services, as long as these are imperfectly substitutablewith private consumption (e.g., public education and health
care).

10Assuming a utilitarian objective, for example, the best policy in this class delivers84% of the maximum potential
welfare gains from tax reform. See Heathcote and Tsujiyama (2016) for details.

11Private bequests could provide a form of insurance against abad 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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whereθ > 1 is the elasticity of substitution across skill types,N(s) denotes average effective hours

worked by individuals of skill types, andm(s) is the density of individuals with skill types. Note

that all skill levels enter symmetrically in the productiontechnology, 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 consumptionG. The rate of transformation

between the two forms of consumption is 1, and thus the aggregate resource constraint is

(6) Y =

∫ 1

0

ci di+G.

Preferences:Preferences over private consumption, hours worked, publicly provided goods,

and skill investment effort for individuali are given by

(7) Ui = −vi(si) + (1− βδ)E0

∞∑

a=0

(βδ)aui(cia, hia, G),

whereβ < 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 investmentsi ≥ 0 takes the form

(8) vi(si) =
(κi)

−1/ψ

1 + 1/ψ
(si)

1+1/ψ ,

where the parameterψ ≥ 0 determines the elasticity of skill investment with respectto the return

to skill, andκi ≥ 0 is an individual-specific parameter that determines the utility cost of acquiring

skills. The larger isκi, the smaller is the cost, so one can think ofκi as indexing innate learning

ability. We assume thatκi ∼ Exp (η), an exponential distribution with parameterη. As we

demonstrate below, exponentially distributed ability yields Pareto right tails in the equilibrium

wage and earnings distributions.

The period utility functionui is specified as

(9) ui (cia, hia, G) = log cia −
exp [(1 + σ)ϕi]

1 + σ
(hia)

1+σ + χ logG,

whereexp [(1 + σ)ϕi] measures the disutility of work effort. The individual-specific parameter

ϕi is normally distributed:ϕi ∼ N
(vϕ

2
, vϕ
)
, wherevϕ denotes the cross-sectional variance.13

12In 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.

13Introducing additional weighting parameters (common across all households) on the utility terms defining the
costs of skill investment and labor supply would have no impact on the shape of the welfare-maximizing policy.
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We assume thatκi andϕi are uncorrelated. The parameterσ > 0 determines aversion to hours

fluctuations. It is useful to define thetax-modifiedFrisch elasticity:

(10)
1

σ̂
=

1− τ

σ + τ
.

Below we show that̂σ−1 measures the elasticity of hours worked to a transitory shock to the pretax

wage. Finally,χ ≥ 0 measures the taste for the public goodG relative to private consumption.

Labor productivity and earnings: Log individual labor efficiencyzia is the sum of two or-

thogonal components,αia andεia :

(11) log zia = αia + εia.

The first componentαia follows the unit root processαia = αi,a−1 + ωia with i.i.d. innovation

ωia ∼ N
(
−vω

2
, vω
)
, and with initial conditionαi0 = 0.14 The second component is an i.i.d.

shock,εia ∼ N
(
−vε

2
, vε
)
. This permanent-transitory error-component model for individual labor

productivity has a long tradition in labor economics (for a survey, see Meghir and Pistaferri 2011).

A standard law of large numbers ensures that idiosyncratic shocks induce no aggregate uncertainty.

Individual earningsyia are, therefore, the product of three components:

(12) yia = p(si)︸︷︷︸
skill price

× exp(αia + εia)︸ ︷︷ ︸
labor market shocks

× hia︸︷︷︸
hours

.

The first componentp (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 compo-

nent is the number of hours worked by the individual. Thus, individual earnings are determined

by (i) skills accumulated before labor market entry, in turnreflecting innate learning abilityκi; (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 byϕi.

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 supplydecisions.

Financial assets:We adopt a simplified version of the partial insurance structure developed

in Heathcote, Storesletten, and Violante (2014a). There isa full set of state-contingent claims

14Thus, all earnings inequality among newborn agents reflectsheterogeneous skill levels.
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indexed by theε shock —and thus theε shocks are fully insurable—whereas theα shocks, by

assumption, cannot be insured through markets or smoothed via storage.15 Let B (E) andQ (E)

denote the quantity and the price, respectively, of insurance claims purchased that pay one unit of

consumption if and only ifε ∈ 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 bothvω > 0 andvε > 0, ours is a

partial insuranceeconomy, in the language of Blundell, Pistaferri, and Preston (2008).17

Markets: The final consumption good, all types of labor services, and financial claims are

traded in competitive markets. The publicly provided goodG cannot be purchased privately. The

final good is the numéraire of the economy.

Government: The government runs the tax/transfer scheme described in Section II. and funds

expenditureG on public consumption. Letg 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

(13) g

∫ 1

0

yi di =

∫ 1

0

(
yi − λy1−τi

)
di.

The government chooses the pair(g, τ), with λ being determined residually by equation (13).

III.A. Agent’s Problem

At agea = 0, the agent chooses a skill level, given her idiosyncratic draw (κi, ϕi). Combining

equations (7) and (8), the first-order necessary and sufficient condition for the skill choice is

(14)
∂vi (s)

∂s
=

(
s

κi

) 1
ψ

= (1− βδ)E0

∞∑

a=0

(βδ)a
∂ui (cia, hia, G)

∂s
.

15The environment in Heathcote, Storesletten, and Violante (2014a) is more general because it also includes a
noncontingent bond market. In a previous version of this paper (Heathcote, Storesletten, and Violante 2014b), we
prove that, 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.

16The complete markets assumption with respect toε implies that it is straightforward to introduce a richer statistical
process for theε 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-sectionalvariance of insurable wage risk, which can be estimated independently of thetime-seriesprocess for
ε. Therefore, to simplify the exposition, in this paper we maintain the assumption thatε is an i.i.d. shock.

17Tax progressivity provides public risk sharing and reducesthe equilibrium demand for private insurance. However,
since the market structure is exogenous, tax progressivitydoes not affect thesupplyof private insurance. In contrast,
public insurance can crowd out private risk sharing in models with moral hazard or limited enforcement.
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Thus, the marginal disutility of skill investment for an individual with learning abilityκi 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 perioda, the innovationωia to the random walk shockαia is realized. Then,

the insurance markets against theε shocks open and the individual buys insurance claimsB (·).
Finally, εia is realized and the individual chooses hourshia, receives wage payments, and chooses

consumption expenditurescia. Thus, the individual budget constraint in the middle of theperiod,

when the insurance purchases are made, is

(15)
∫

E

Q (ε)B (ε) dε = 0,

and the budget constraint at the end of the period, after the realization ofεia, 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 in order to maximize (7) subject to sequences of budget constraints of the form

(15)-(16), taking as given the wage process described in equation (11). In addition, agents face

non-negativity constraints on consumption and hours worked.

III.A.i. A Special Case: The Representative Agent Problem

It is useful to solve for a special case of the agent’s problem. Whenvϕ = 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. The representative agent’s problem is static:

max
C,H

{
logC − H1+σ

1 + σ
+ χ logG

}
(17)

s.t.

C = λH1−τ .

Taking the fiscal variables(λ, g, τ) as given, the optimal choices for the representative agent are

logHRA (τ) =
1

1 + σ
log(1− τ),(18)

logCRA (g, τ) = log λ (g, τ) +
1− τ

1 + σ
log(1− τ).(19)
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The production technology simplifies toY = H, implyingG = gH. Solving forλ(g, τ) from the

government budget constraint,G = H − λH1−τ , and substituting into (19) gives

logCRA (g, τ) = log(1− g) +
1

1 + σ
log(1− τ).

These expressions show that a more progressive tax system (ahigher value forτ ) reduces labor

supply and, therefore, equilibrium consumption. The reason is that higher progressivity raises the

marginal tax rate faced by the representative agent. Asτ → 1, HRA (τ) → 0. Note that, with

logarithmic utility, the tax level parameterλ has no impact on labor supply, which explains why

hours worked (and output) are independent of the governmentconsumption to output ratiog.

IV. EQUILIBRIUM

We now adopt a recursive formulation to define a stationary competitive equilibrium for our econ-

omy. The individual state vector for the skill accumulationdecision at agea = 0 is just the fixed

individual effects(κ, ϕ). At subsequent ages, the state vector for the beginning-of-the-period de-

cision 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

)
, whereB̄ = B(ε;ϕ, α, s) are state-

contingent insurance payouts.18 Because of the perpetual youth structure, age is not a state vari-

able.

Given (g, τ), a stationary recursive competitive equilibriumfor our economy is a tax level

λ, asset pricesQ (·), skill prices p (s), decision ruless (κ, ϕ), c (ϕ, α, ε, s), h (ϕ, α, ε, s), and

B (·;ϕ, α, s), and aggregate quantitiesN (s) such that:

1. Households solve the problem described in Section III.A., ands (κ, ϕ), c (ϕ, α, ε, s), h (ϕ, α, ε, s),

andB (·;ϕ, α, s) are the associated decision rules.

2. Labor markets for each skill type clear, andp (s) is the value of the marginal product from

an additional unit of effective hours of skill types: p(s) = (Y/ [N(s) ·m(s)])1/θ.

3. Asset markets clear, and the pricesQ (·) of insurance claims are actuarially fair.

4. The government budget is balanced:λ satisfies equation (13).

18Since in equilibriumB̄ is a function of(ϕ, α, ε, s), in what follows we omitB̄ from the state vector.
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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 hours-worked allocation is given by

(20) log h (ϕ, ε; τ) = logHRA (τ)− ϕ+
1

σ̂
ε− 1

σ̂(1− τ)
M (vε; τ) ,

whereHRA are hours for the “representative agent” in equation (18) and

M (vε; τ) = (1− τ) (1− τ(1 + σ̂)) /σ̂ · vε/2. The consumption allocation is given by

(21) log c (ϕ, α, s; g, τ) = log
[
CRA (g, τ)ϑ(τ)

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

whereCRA is consumption of the “representative agent” in equation (19) andϑ(τ) is common

across agents.

With logarithmic utility and zero wealth, the income and substitution effects on labor supply

from differences in uninsurable shocksα and skill levelss 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 above, fall withprogressivity. 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 shockε (which has no income

effect precisely because it is insurable) is mediated by thetax-modified Frisch elasticity1/σ̂. Pro-

gressivity 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) con-

sumption of the representative agent, described in SectionIII.A.i. 19 Consumption is increasing in

19The rescaling constantϑ(τ) reflects the fact that the equilibrium balanced-budget function λ(g, τ) is different in
the heterogeneous agent and representative agent versionsof the model.
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the skill levels (because skill prices are increasing in skills) and in the uninsurable component

of wagesα. Since hours worked are decreasing in the disutility of workϕ, 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 effectss andϕ and from

realizations of uninsurable wage shocksα. 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 be-

tween consumption and leisure in preferences, consumptionis independent of the insurable shock

ε.

Proposition 2 [skill price and skill choice]. In equilibrium, skill prices are given by

log p (s; τ) = π0 (τ) + π1 (τ) · s (κ; τ) , where(22)

π1 (τ) =
(η
θ

) 1
1+ψ

(1− τ)−
ψ

1+ψ(23)

π0(τ) =
1

θ − 1

{
1

1 + ψ

[
ψ log

(
1− τ

θ

)
− log (η)

]
+ log

(
θ

θ − 1

)}
.(24)

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 densitym(s) is exponential with parameter(η)
1

1+ψ [θ/ (1− τ)]
ψ

1+ψ .

Note, first, that the log of the equilibrium skill price takesa “Mincerian” form (i.e., it is an

affine function ofs). The constantπ0(τ) is the base log-price of the lowest skill level(s = 0), and

π1(τ) is the pretax marginal return to skill.

From the skill investment rule (25), it is clear that the parameterψ defines the elasticity of skill

investment to the after-tax return to skills,(1 − τ)π1(τ). Equation (25) also clarifies that higher

progressivityτ reduces the after-tax return to investing in skills and depresses skill investment. In

the limit asτ → 1, s → 0 at everyκ: there is no incentive to boost wages by investing in skills if

all the excess returns will be taxed away.

Equation (23) indicates that higherτ increases the equilibriumpretaxmarginal returnπ1(τ).

The logic is that increasingτ compresses the skill distribution toward zero and, as high skill types
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become scarce, imperfect substitutability in production drives up the pretax return to skill. Thus,

our model features aStiglitz effect(Stiglitz 1985). The larger isψ, the more sensitive is skill

investment to a given increase inτ , and the larger is the increase in the pretax skill premium.

Note that the skill investment decision is independent ofϕ (and it would also be independent

of α0 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 bythe levelof wages or hours.

Corollary 2.1 [distribution of skill prices]. The distribution of log skill premiaπ1(τ) · s(κ; τ)
is exponential with parameterθ. Thus, the variance of log skill prices is

var (log p (s; τ)) =
1

θ2
.

The distribution of skill pricesp(s; τ) in levels is Pareto with scale (lower bound) parameter

exp(π0(τ)) and Pareto parameterθ.

Log skill premia are exponentially distributed because thelog skill price is affine in skills

(equation 22) and skills retain the exponential shape of thedistribution of learning abilityκ (equa-

tion 25). It is interesting that inequality in skill prices is independent ofτ . The reason is that

progressivity sets in motion two offsetting forces. On the one hand, as discussed earlier, higher

progressivity increases the equilibrium skill premiumπ1 (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 specifi-

cation.

Since the exponential of an exponentially distributed random variable is Pareto, the distribution

of skill prices in levels is Pareto with parameterθ. The other stochastic components of wages (and

hours worked) are lognormal. Because the Pareto component dominates at the top, the equilib-

rium 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 (2016). Finally, the

distributions of log wages and log earnings are exponentially modified Gaussian (EMG) distribu-

tions given by the linear combinations of an exponential random variablep (s; τ) and a normal

random variable(α+ε). This is a useful result for our political-economic analysis of Section VI.F.

17



We now briefly discuss how taxation affects aggregate quantities in our model.

Corollary 2.2 [aggregate quantities]. Average hours workedH(τ) and average effective

hoursN(τ) are independent of skill types. H(τ), N(τ), and outputY (τ) are given by

H (τ) = E [h (ϕ, ε; τ)] = (1− τ)
1

1+σ · exp
[(

τ (1 + σ̂)

σ̂2
− 1

σ̂

)
vε
2

]
,(26)

N (τ) = E [exp(α + ε)h (ϕ, ε; τ)] = H (τ) · exp
(
1

σ̂
vε

)
.(27)

Y (τ) = E [p (s; τ) exp(α+ ε)h (ϕ, ε; τ)] = N (τ) · E [p (s; τ)] ,(28)

whereE [p (s; τ)] = exp (π0 (τ)) · θ/ (θ − 1).

Aggregate labor productivity is

Y (τ)

H(τ)
=
Y (τ)

N(τ)
· N(τ)

H(τ)
= E [p (s; τ)] · exp

(
1

σ̂
vε

)
.

Progressivity affects aggregate output through two channels: labor supply and skill investment

choices. From equation (26), the elasticity of aggregate effective hoursN(τ) with respect toτ at

τ = 0 is −1/ (1 + σ). The elasticity of output per effective hour (Y (τ)/N(τ) = E [p (s; τ)]) with

respect toτ , which reflects skill investment, is−ψ/ [(1 + ψ) (θ − 1)] (see equation (34) below).

We will return to these two elasticities in Section V.C. whencharacterizing 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 withτ = 0 is generally

not efficient in our environment for two reasons. The first is that there are no private markets for

insuring theω shock. The second is that for a giveng (and correspondingλ), there is a free-

riding 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 com-

plete markets with respect to wage shocks(vω = 0) and does not feature this free-riding problem

(χ = 0), the equilibrium withτ = 0 is efficient.
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Proposition 3 [efficiency withχ = vω = τ = 0]. If χ = vω = 0, then the competitive equilibrium

allocation withτ = 0 is efficient. This allocation is the solution to a planner’s problem with Pareto

weights proportional toexp (−ϕ + η/θ · κ).

Because individuals with high learning abilityκ or low disutility of work effortϕ enjoy rel-

atively 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 withτ = 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 re-

distribute against income differentials because of heterogeneity inκ andϕ, and would therefore

chooseτ > 0.

V. WELFARE EFFECTS OFTAX 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 date0 to a new policy(g, τ). The presence of

skill investment in the model raises two related issues whencontemplating 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 both of 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 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.
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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 tomean 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 zero. In Section VI.E., we generalize the

objective function to consider cases in which the planner ismore or less averse to cross-sectional

inequality.

The overlapping generations structure requires us to take astand on how the government weighs

cohorts that enter the economy at different dates. We assumethat the planner discounts the lifetime

utility of future generations at rateγ. Social welfare evaluated as of date0 is then given by

(29) W (g, τ ; τ−1) ≡ (1− γ)Γ

∞∑

j=−∞

γjUj,0 (g, τ ; τ−1) ,

whereUj,0 (g, τ ; τ−1) is remaining expected lifetime utility (discounted back todate of birth) as of

date0 for the cohort that entered the economy at datej.20 The constantΓ = (γ − βδ)/[γ(1− βδ)]

premultiplying the summation is a convenient normalization.21

The next proposition expresses social welfare as a functionof the two policy instruments(g, τ).

Proposition 4 [closed-form social welfare].In the model with fully reversible investment, when

20Remaining lifetime utility depends on the lagged value for progressivityτ−1 because the difference betweenτ−1

andτ will determine (the cost of) net new investment in skills forcohorts who entered the economy prior to date0.
21Following Calvo and Obstfeld (1988), we assume that the planner discounts each individual’s welfare back to their

birth dates using the agent’s discount factorβ. This ensures that the planner’s objective function is time consistent.
Thus, the relative weight the planner places at a particulardate on the felicity of one agent who iss years older than
another is(β/γ)s.
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the social welfare function is given by equation (29), welfare from implementing policy(g, τ) is

W(g, τ ; τ−1) = log(1− g) + χ log g + (1 + χ)
log(1− τ)

(1 + σ̂)(1− τ)
− 1

1 + σ̂
(30)

+(1 + χ)
1

(1 + ψ)(θ − 1)

[
ψ log (1− τ) + log

(
1

ηθψ

(
θ

θ − 1

)θ(1+ψ))]

− ψ

(1 + ψ)θ

[
(1− τ)− βδ

γ

(1− γ)

(1− βδ)
(1− τ−1)

]

−
[
− log

(
1−

(
1− τ

θ

))
−
(
1− τ

θ

)]

− (1− τ)2
vϕ
2

−


(1− τ)

(
βδ

γ − βδ

)
vω
2

− log



1− δ exp

(
−τ(1−τ)

2
vω

)

1− δ






+(1 + χ)

[
1

σ̂
vε − σ

1

σ̂2

vε
2

]
.

To obtain the expression in equation (30), we first solve for the valueλ (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 4.1 [independence from past choices].The optimal pair(g, τ) is independent ofτ−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 ofτ−1, we will henceforth denote

social welfareW(g, τ) and omit the inconsequential terms involvingτ−1.

Corollary 4.2 [concavity of social welfare].Social welfareW(g, τ) is globally concave ing and,

if σ ≥ 2, is also globally concave inτ .

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 inτ for anyσ ≥ 0. The term involvingvε is

also globally concave inτ if σ ≥ 2, a condition that is satisfied in the calibration. Establishing

concavity is useful since it means that a first-order approach is sufficient to compute the optimalτ

andg.
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Corollary 4.3 [independence of policy instruments]. The welfare-maximizing value forτ is

independent ofg.

The two policy parametersτ andg do not appear jointly in any one of the additively separable

terms in (30). Thus, the welfare-maximizing choice forτ must be independent of the value forg,

irrespective of whether the choice forg is welfare maximizing. However, the welfare-maximizing

choice forτ will depend on the parameterχ that defines the taste for publicly provided goods.

Corollary 4.4 [Samuelson condition].The welfare-maximizing value forg is given by

(31) g∗ =
χ

1 + χ
.

The optimal choice for public goods in the economy is obtained by taking the first-order condi-

tion of equation (30) with respect tog. 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 goodχ.

To understand this result, note that the choice forg does not appear in the equilibrium allo-

cations for hours worked or skill investment (eqs. 20 and 25). Thus, changingg will not change

aggregate income or the distribution of income. It follows that the government’s only concern in

settingg is to optimally divide output between private and public consumption. The optimal split

turns out to be exactly the one that equates the marginal rateof substitution between private and

public consumption to the marginal rate of transformation between the two goods in a represen-

tative agent version of the model (see Section V.B.i.). We call this the “Samuelson condition”

(Samuelson 1954).

Corollary 4.5 [irrelevance of η]. The welfare-maximizing value for progressivityτ is independent

of the learning ability distribution parameterη.

Even though the exponential parameterη has an impact on welfare through aggregate produc-

tivity, this effect is independent ofτ .22

Corollary 4.6 [γ = β case]. If the government discounts the lifetime utility of future cohorts at

rate γ = β, then social welfareW (g, τ) is equal (up to an additive constant) to average period

22The logic behind this result is the same as that of Corollary 2.1: in general equilibrium, there are offsetting forces.
If skill prices were exogenous (π1 fixed),η andτ would interact. See the equations for the skill price and skill quantity
in Proposition 2.
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utility in the cross section

(32)

W (g, τ) = (1−δ)
∞∑

a=0

δaE [u (c (ϕ, αa, s(κ; τ); g, τ) , h (ϕ, ε; τ) , G (g, τ))]−E [v (s(κ; τ), κ)] ,

where the first expectation is taken with respect to the equilibrium cross-sectional distribution of

(ϕ, αa, 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 fullyreversible.

V.B. Decomposition of the Social Welfare Function

We now demonstrate that every term in (30) has an economic interpretation and captures one of

the forces 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 caseγ = β.

V.B.i. Welfare of the Representative Agent

Substituting allocations (18) and (19) into the objective function of the representative agent prob-

lem of Section III.A.i. (after solving forλ), one obtains welfare for the representative agent,

(33) WRA (g, τ) = log(1− g) + χ log g + (1 + χ)
log(1− τ)

(1 + σ̂)(1− τ)
− 1

1 + σ̂
,

which is precisely the first line of the social welfare expression in (30).

What does equation (33) imply for optimal policy? Differentiation of (33) with respect tog

yields the Samuelson condition (31). This value forg equates the marginal rate of substitution

between private and public consumption for the representative agent (equal toχg/ (1− g)) to the

technological rate of transformation between the two goods(equal to 1).

Differentiation of (33) with respect toτ yieldsτ ∗ = −χ. Thus, a benevolent government in the

representative agent economy would chooseregressivetaxes, with the extent of regressivity pro-

portional 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 instead choose proportional taxes, by

23We index the uninsurable component of the log wageα by agea to reflect the fact that the presence of permanent
shocks implies an age-varying distribution forα.
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settingτ = 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 andtakesG 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 (18). This tax scheme equates social and private returns, a result

we restate in the following proposition.

Proposition 5 [RA model]. If vϕ = vω = vε = 0 and θ = ∞ (i.e., in a representative agent

economy), theng∗ = χ/(1 + χ) andτ ∗ = −g∗/(1− g∗) = −χ implement the first best.

Note that one could alternatively implement the first best with lump-sum taxes that do not dis-

tort labor supply and finance the desired amount ofG. Givenτ = −g/(1 − g), the marginal tax

rate at the equilibrium level of incomeHRA (τ) is exactly equal to zero (just as it would be with

lump-sum taxes). Moreover, giveng = χ/(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. Further-

more, as we show in the proof of Proposition 5, this efficiencyresult extends to a broader class of

constant relative risk aversion utility functions of whichour baseline logarithmic specification is a

special case.

V.B.ii. Welfare from Skill Investment

The second, third, and fourth lines 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 the second line is

the log of aggregate productivity (output per efficiency unit of labor) in the economy:

(34) log

(
Y (τ)

N(τ)

)
=

1

(1 + ψ)(θ − 1)

[
ψ log (1− τ) + log

(
1

ηθψ

(
θ

θ − 1

)θ(1+ψ))]
.

Given imperfect substitutability across skill types in theproduction technology, the more uni-

formly 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 dis-

tribution toward zero. In terms of its impact on welfare, productivity is multiplied by(1 + χ)
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because higher productivity and output boost public consumption (valued in proportion toχ) in

addition to private consumption.

Skill investment is not costless. The third line of (30) is the welfare contribution from skill

investment costs. The average cost for all past and future cohorts who readjust their skill level is

(35) E [v (s(κ; τ), κ)] =
ψ

1 + ψ

1

θ
(1− τ),

which is the first term on the third line.24 Skill investment costs decrease inτ because more pro-

gressivity reduces skill acquisition. Combining (34) and (35), one can show that the productivity

gain from skill investment net of education costs is maximized atτ = −1/ (θ − 1) < 0.

The government also cares about how the choice forτ 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= − log

(
1−

(
1− τ

θ

))
−
(
1− τ

θ

)
,

or the term in the fourth line of (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 lognormal distribution. Thiscost is decreasing inτ because higher

progressivity reduces dispersion in after-tax earnings and consumption.

We have learned that offsetting forces determine the optimal level of progressivity with re-

spect to skill acquisition: more progressivity diminishesaggregate 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 isψ = 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 sensitive to tax progressivity.The plots are constructed assuming that

(i) learning abilityκ 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 to2. By virtue of

24If 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 inτ−1 in the welfare expression. See Online Appendix B.6 for details.
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FIGURE II: Optimal τ as a Function ofθ in the Special Casevϕ = vω = vε = χ = 0 andσ = 2

Corollary 2.1, these three models deliver identical inequality in wages, hours, and consumption,

since the equilibrium distribution for skill prices is Pareto with parameterθ irrespective ofψ.

The figure reveals that skill heterogeneity always dictatespositive progressivity (τ ∗ ≥ 0), a

result we prove formally in Section V.C. Asθ → ∞, the economy converges to a representative

agent economy with no desire for public goods, soτ ∗ → 0. When we compare the three lines, it is

clear thatτ ∗ is decreasing inψ, so more elastic skill investment implies lower progressivity.

When skills are exogenous (ψ = 0), τ ∗ declines monotonically withθ. The logic is simply that

a larger value forθ implies less inequality in wages and a smaller role for redistributive taxation. In

contrast, in the cases withψ > 0, the optimal degree of progressivity is nonmonotone inθ. For high

values forθ, reducingθ implies a higher optimal value forτ, driven, as in the exogenous skills case,

by the utilitarian planner’s desire to reduce between-skill consumption dispersion. Now, however,

that the planner is also concerned about progressive taxation reducing skill investment and thereby

reducing aggregate productivity via the termψ/ [(1 + ψ)(θ − 1)] · log(1− τ) in (34̇). This concern

becomes quantitatively more important the lower isθ and the more complementary are different

skill types in production. Asθ → 1, the consumption dispersion and progressivity forces exactly

balance out, andτ ∗ → 0—a flat tax system. Thus, optimal progressivity is largest for intermediate

values forθ. The finding that the optimal value forτ is a hump-shaped function ofθ is quite

general: it also applies when labor supply is inelastic (σ → ∞) and extends to the case in which

the planner has a Rawlsianmaximinrather than a utilitarian social welfare function.
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V.B.iii. Welfare from Preference Heterogeneity and Uninsurable Wage Risk

The existence of heterogeneity in the preference for leisure, through cross-sectional variation inϕ,

translates into dispersion in hours worked, earnings, and consumption. The fifth line of the social

welfare expression reflects this source of consumption dispersion:

(37) welfare cost ofvarϕ (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 theϕ-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 the sixth line of equation (30):

(38) welf. cost ofvarα (log c) =


(1− τ)

βδ

γ − βδ

vω
2

− log



1− δ exp

(
−τ(1−τ)

2
vω

)

1− δ






Whenγ = β, this expression is approximately equal to(1− τ)2 vα
2
, which, symmetrically with the

cost of preference heterogeneity, is one-half theα-driven variance of log consumption in the cross

section.25 As can be seen from (37) and (38), a higher value forτ reduces consumption dispersion

stemming from both preference heterogeneity and uninsurable risk. Since consumption inequality

lowers welfare, these two forces push the optimalτ toward 1, the value at which there would be

zero consumption dispersion.

V.B.iv. Welfare from Insurable Wage Risk

The last two terms of the welfare expression are also easily interpretable. Note that

log

(
N(τ)

H(τ)

)
=

1

σ̂
vε(39)

varε (log h) =
1

σ̂2
vε.(40)

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

25The approximation is extremely accurate for plausible parameter values (see Online Appendix B.6).
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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 the welfare

expression, the cross-sectional variance of log hours due to insurable shocks multiplied byσ,

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 atτ = 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 toτ , one can

obtain a necessary and sufficient parametric condition for the optimal tax system to be progressive.

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

+ (vϕ + vα)︸ ︷︷ ︸
lessα andϕ inequality

>
ψ

(1 + ψ)(θ − 1)︸ ︷︷ ︸
lower productivity due to less inv.

+ χ

(
1

1 + σ
+

ψ

(1 + ψ)(θ − 1)

)

︸ ︷︷ ︸
lowerG due to less hours and less inv.

The terms on the left-hand side of (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 reduc-

ing 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 de-

pressed skill investment. The second term reflects the diminished utility from public consumption

due to the decrease inG caused by lower hours worked and lower skill investment.

It is easy to verify that ifχ = 0, then the condition for taxes to be progressive is always

satisfied. The larger isχ, the larger are the costs of progressivity, making it more difficult to satisfy

the condition forτ ∗ > 0. A higher value for the investment elasticity parameterψ also makes the

26As 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.

27This condition is independent of the insurable variancevε because the term in equation (30) involving this com-
ponent is maximized atτ = 0, so the marginal welfare effect from a change inτ is zero atτ = 0.
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condition forτ ∗ > 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

thatτ ∗ > 0. The effect ofθ on optimal progressivity is ambiguous, as discussed in Section V.B.ii.

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

1 + ζu + ζc(θ − 1)
,

whereζu andζc are uncompensated and compensated labor supply elasticities.28 Thus, the thicker

is the right tail of the productivity distribution (i.e., the smaller is the Pareto coefficientθ), the

higher is the optimal marginal tax rate at the top.

Now consider a version of our model withχ = 0 andvϕ = vω = vε = 0, so that hetero-

geneity in skills reflecting heterogeneity in abilityκ 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 parameterθ. However, the underlying structure of the two models is quitedifferent:

wage heterogeneity reflects endogenous dispersion in skillchoices in our model but exogenous

differences in productivity in the standard Mirrlees setup.

We have not tackled the fully optimal Mirrlees tax problem inour environment with skill in-

vestment, 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 taxa-

tion only distorts labor supply. Recall that in our model skills are exogenous whenψ = 0. Figure II

shows that withψ = 0, reducingθ and thereby increasing inequality always implies higher optimal

progressivity, and thus higher marginal tax rates at high income levels.29 This result mirrors the

28Given our utility function, as earnings increase, these elasticities converge to zero and1/(1 + σ), respectively,
and thus the efficient top marginal tax rate—given exogenouswages—would converge tōt = (1 + σ)/(σ + θ).

29From equation (3), the marginal tax rates are strictly increasing in progressivity for anyy ∈ (exp(−1/(1−τ)),∞).
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familiar Mirrleesian prescription that top marginal ratesshould be higher the heavier is the Pareto

tail. With endogenous skill choice(ψ > 0), in contrast, there is a range of values forθ close to

unity in which reducingθ 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

are skill types, the larger are the productivity gains from amore uniformly dispersed skill distribu-

tion and thus the more costly are high tax rates at the top thatdiscourage 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 (2015), 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 parametrization 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 andconsumption are measured with

error, and hourly wages (computed as annual earnings divided by annual hours) inherit measure-

ment error from both variables. Letvµh, vµc, vµy denote the variances of reporting error in hours,

consumption, and earnings, respectively, and assume measurement error is classical. If we tack on

measurement error to log wages and the log allocations in (20) and (21), and compute variances
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and co-variances of their joint cross-sectional distribution, we obtain:

var (logw) =
1

θ2
+ vα + vε + vµy + vµh(43)

var (log h) = vϕ +
1

σ̂2
vε + vµh

var (log c) = (1− τ)2
(
vϕ +

1

θ2
+ vα

)
+ vµc

cov (log h, logw) =
1

σ̂
vε − vµh

cov (log h, log c) = (1− τ) vϕ

cov (logw, log c) = (1− τ)

(
1

θ2
+ vα

)
.

These moments contain most of the structural parameters of the model. The variance of the unin-

surable innovationvω is implied byvα, given a value forδ.30

Based on our previous work (Heathcote, Storesletten, and Violante, 2014a), we setσ = 2,

a value broadly consistent with the microeconomic evidenceon the Frisch elasticity (see, e.g.,

Keane, 2011). From the same paper we set the variances of measurement error tovµh = 0.036,

vµy = 0, andvµc = 0.040. In light of our estimate of the progressivity of the U.S. tax/transfer

system above, we setτ = 0.181.

It is easy to see thatvϕ, vε, and(vα + 1/θ2) are overidentified by the set of moments in (43).

To separately identify the cross-sectional variance of uninsurable risk,vα, from the cross-sectional

variance of skill prices,1/θ2, we use the cross-sectional momentsvar0 (logw), var0 (log c) , and

cov0 (logw, log c) at agea = 0, which reflect only variation in skills acquired before labor market

entry, sincev0α = 0 by assumption.

Our data are drawn from two surveys, the Panel Study of IncomeDynamics (PSID) for years

2000, 2002, 2004, and 2006 and the Consumption Expenditure Survey (CEX) for years 2000–

2006. We 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 eqs. (43) plus the three

moments at age “zero” (an average of ages 25-29 in the data).31 The minimum distance procedure

30The variance ofα at agea is vaα = avω so the cross-sectional uninsurable variance in the model isvα =
(1− δ)

∑
∞

a=0
δavaα = vω δ/(1− δ).

31The resulting empirical moments used in the estimation arevar (logw) = 0.43, var (log h) = 0.11, var (log c) =
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TABLE I: Parameterization

δ χ σ vµh vµy vµc vϕ vε vα θ vω
Baseline 0.971 0.233 2.00 0.036 0 0.040 0.036 0.164 0.098 3.124 0.003

– – – – – – (0.002) (0.010) (0.007) (0.114) (0.0003)

Alternative 0.971 0.233 2.00 0.036 0 0.040 0.023 0.139 0 2.0 0
– – – – – – (0.002) (0.012) (0.000) – (0.000)

Source: PSID and CEX, 2000-2006. See the main text for details. Bootstrapped standard errors based on
500 replications in parentheses.

therefore uses nine moments to estimate four parameters(vϕ, vε, vα, θ). We setδ = 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, while insurable shocks explain the remaining 40%;32 (iii) dispersion in the disu-

tility of work accounts for 15% of consumption inequality, while 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 around0.10. These findings are in

line with those of Heathcote, Storesletten, and Violante (2014a).

Our estimated value forθ is just above3. An alternative way to calibrateθ would be to exploit

the fact that the top end of the model income distribution is approximately Pareto with parameter

θ, so thatE [p (s) |s > s̄] /p (s̄) = θ/(θ − 1). From our PSID sample, we estimate that this ratio is

stable and around2 for income thresholds above $250,000, which points towardθ = 2.33 Table I

reports how parameter estimates change when we imposeθ = 2 and re-estimate other parameters.

We will examine how our results are affected by this alternative parameterization.

The parameterψ controls the elasticity of the skill premium toτ andθ, where the skill premium

0.18, cov (log h, logw) = −0.01, cov (log h, log c) = 0.03, cov (logw, log c) = 0.15, var0 (logw) = 0.28,
var0 (log c) = 0.15, andcov0 (logw, log c) = 0.10.

32A key reason to allow for heterogeneity inϕ is to be able to account for the large empirical dispersion inhours
worked.

33Tax return data on wage income tabulated by Piketty and Saez (2003, Table B3) indicate a value forθ between
1.6 and2.2 for the years 2000-2006, depending on the thresholds̄. Thus, our estimate falls within this range.
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is increasing inτ and decreasing inθ (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(π1), we

can identifyψ. 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 ofψ from this equation requires estimates for changes in the three variables on

the right-hand side. We measure these three changes between1970-1976 and 2000-2006.

When we estimateτ 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 education between the two groups. We obtainπ70−76
1 = 0.088 and

π00−06
1 = 0.118 and thus∆ log π1 = 0.29. We cannot use the change in consumption inequality

at age of labor market entry in order to estimate∆ log θ, since CEX data are not available for

the 1970s. Instead, we exploit the property thatθ is the Pareto-tail coefficient of the income

distribution. We findθ70−76 = 3.3 andθ00−06 = 2.0, which implies∆ log θ = −0.50.35 Plugging

these numbers into equation (44) yieldsψ = 0.65.

Finally, to set a value forχ, the relative weight on the government-provided good in prefer-

ences, we take the view that the fraction of output devoted topublicly provided goodsg is chosen

efficiently. In Section VI.F. we show that all agents agree that g should be set to the efficient level

g∗ = χ/(1 + χ). This provides a theoretical motivation for our calibration choice. Over the period

34We modify slightly our estimation strategy forτ 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 therefore
(i) exclude state taxes from tax liabilities in both periodsand (ii) use gross income instead of taxable income in both
periods. The new estimate ofτ00−06 is0.145. For the period 1970-1976, we find higher progressivity:τ70−76 = 0.174
(SE = 0.002) with R2 = 0.92, based on a regression on12, 977 observations.

35Note that we should expect to find a decline inθ over time. Suppose, to the contrary, thatθ 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 inθ 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 ofτ and welfare gain relative to the current
U.S. system. Panel (b): Decomposition of social welfare into the components described in

Section V.B.

2000-2006,g = G/Y = 0.189, and we therefore setχ = 0.233. Because the optimalτ is sensitive

to the level of government purchases, in Section VI.D. we discuss alternative scenarios.

VI.B. Results

Once the optimality conditiong∗ = −χ is substituted into (30) and values have been assigned to

all the structural parameters, one obtains social welfareW (τ) as a function ofτ only. Figure III(a)

plots this function, assumingγ = β. The value of progressivity that maximizes social welfare

is τ ∗ = 0.084. The average welfare gain from reducing progressivity fromthe current value of

τUS = 0.181 to τ ∗ is equivalent to0.63% 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 from0.67 to 0.84. The average income-weighted marginal tax rate would drop

from 34% to 26%. Figure D2 in Online Appendix D plots average and marginal tax rates for the

actual and optimal tax schemes.

Figure III(b) reconstructsW (τ) by sequentially adding all of its components. The first compo-

nent is welfare of the representative agent. As discussed, this is maximized atτ = −χ = −0.233.

Adding the skill investment component (the productivity gain from skill investment net of edu-
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cation costs minus the welfare loss from between-skill consumption inequality) pushes toward a

more progressive system, and the optimalτ increases to−0.035. The concern for additional con-

sumption inequality induced by preference heterogeneity further raises the optimalτ to −0.007.

Uninsurable shocks are a stronger source of consumption dispersion, which is reflected in the

substantial upward jump inτ to 0.099 when this component is incorporated. Finally, adding the

productivity gain from insurable shocks pullsτ back toward zero to its final value of0.084.

If consumption inequality was the government’s only concern, τ would be optimally set to

one, 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 supplyand the distortion to skill investment.

To measure the strength of these two channels, we compute theoptimalτ 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 optimalτ is0.281, whereas with inelastic skills the optimal

τ is 0.202. Thus, the endogeneities of labor supply and skill investment both play quantitatively

important roles in limiting optimal progressivity. Note, in particular, that absent endogenous skill

investment, the welfare-maximizing 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. Withθ fixed

at 2, skill heterogeneity generates more wage and consumption dispersion, and the estimation

therefore sets the variance of the uninsurable lifetime shocksvω to zero. A larger role for endoge-

nous 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 forτ 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

36This latter case is obtained by excluding from the welfare function the first two terms associated with the produc-
tivity gain from skill investment net of the education cost.
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and for all at age zero 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 age0, output gradually evolves over time as the population shareof

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 forλ 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 setγ = β and assume that the initial steady state corresponds to our estimated

progressivity value,τ−1 = τUS = 0.181, we find that the optimal permanent choice forτ is now

0.146, compared to0.084 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, implying a common welfare-maximizing value

for τ of 0.061.37 The lower isγ, and thus the less concerned is the planner about the future, the

larger is the incentive for expropriation in the fixed investment specification. Thus, reducingγ

widens the difference in optimal progressivity relative tothe 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).

37This value forτ is smaller than the baseline optimum(τ = 0.084) because putting more relative weight on future
generations (via a higherγ) weakens the planner’s desire to compress consumption inequality among existing older
agents (see the sixth line of equation 30).
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VI.D. Modeling Public Consumption

A theme of this paper 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 V.B.i. and V.C.). In

contrast to our paper, 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 therefore now consider a version of the model in which the level ofG is exogenous, denoted

Ḡ, but where the government still choosesτ .

It turns out that increasing the exogenous valueḠ works just like increasing the preference

parameterχ in the baseline endogenousG model: higherḠ implies lower optimal progressivity,

denoted byτ ∗
Ḡ
. Again, the planner internalizes that less progressive taxation encourages labor

supply and skill investment, and makes it easier to finance expenditure. IfḠ is equal to the level

that is optimally chosen in our baseline endogenousG model, so that̄G = gUSY (τ ∗), thenτ ∗
Ḡ

is

equal to the optimal choiceτ ∗ = 0.084 in the baseline model.

However, the results are quite different if instead of fixingG exogenously in levels, we model

expenditure as a fixed exogenous shareḡ of output. We maintain the assumption that government

consumption is nonvalued and setχ = 0. From Corollary 4.3, the optimal choice forτ in the

exogenous expenditure model is independent ofḡ. In fact, for any value for̄g the optimal valueτ ∗ḡ

is equal to0.20, which is optimal degree of progressivity in the baseline endogenousG model in

which agents derive no utility from public goods(χ = 0).

Table II summarizes all these different cases, while FigureD2 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 welfarefunction. In that case, the planner is

just as motivated to use progressive taxation to reduce permanent consumption differentials across
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TABLE II: Optimal Progressivity under Alternative Models for Government Spending

EndogenousG ExogenousG Exogenousg
τ ∗ τ ∗

Ḡ
τ ∗ḡ

χ = 0 0.200 Ḡ = 0 0.200 ḡ = 0 0.200
χ = 0.233 0.084 Ḡ = gUSY (τ ∗) 0.084 ḡ = gUS 0.200

Note: In the exogenousG and exogenousg cases we always setχ = 0.

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 let̄c(κ, ϕ, α; g, τ) denote

the certainty equivalent value for consumption that deliversU(κ, ϕ, α; g, τ), assuming equilibrium

decision rules for hours and skill investment. Thus,

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

1 + σ
+χ logG(g, τ)−

[
(1− τ)− I{a>0}(1− τ−1)

] ψ

(1 + ψ) θ
ηκ,

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 agea at the onset of the tax reform,Va(g, τ), is

Va(g, τ) = log

(∫ ∫ ∫
c̄(κ, ϕ, α; g, τ)1−νdFκdFϕdF

a
α

) 1
1−ν

− 1− τ

1 + σ
+ χ logG(g, τ)

−
[
(1− τ)− I{a>0}(1− τ−1)

] ψη

(1 + ψ) θ

∫
κdFκ,

whereν ∈ (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 is

ν, the less substitutable across agents is lifetime utility,and the stronger is the planner’s desire

to equalize consumption through redistribution. Note thatwhile 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.
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In terms of how the planner weights different cohorts, we assume, as before, a linearly additive

formulation and setγ = β so the planner discounts across generations at the same rateas 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

Wν(g, τ) = (1− β)
1− δ

1− βδ

[
∞∑

a=1

δaVa(g, τ) +
∞∑

j=0

βjV0(g, τ)

]
.

Following algebra similar to that for the baseline utilitarian welfare expression, we can solve for

Wν(g, τ) in closed form.

Proposition 7 [inequality aversion]. In the model with reversible investment andγ = β, social

welfare from implementing policy(g, τ) for a planner with inequality aversion parameterν is

Wν(g, τ) =





log(1− g) + χ log g + (1 + χ) log(1−τ)
(1+σ̂)(1−τ)

− 1
1+σ̂

(1)

+(1 + χ) 1
(1+ψ)(θ−1)

[
ψ log (1− τ) + log

(
1
ηθψ

(
θ
θ−1

)θ(1+ψ))]
(2)

− ψ
(1+ψ)θ

[
(1− τ)− δ(1−β)

1−βδ

]
(3)

+ log
(
1− 1−τ

θ

)
+ 1

ν−1
log
(
(ν − 1) 1

θ
(1− τ) + 1

)
(4)

− (1− τ)2 ν vϕ
2

(5)

− (1− τ)2 ν
(

1−β
1−βδ

) (
δ

1−δ
vω
2

)
(6)

−(1 − τ)2 β(1−δ)
1−βδ

(
δ

1−δ
vω
2

)
(7)

+(1 + χ)
[
1
σ̂
vε − σ 1

σ̂2
vε
2

]
. (8)

Lines (1), (2), (3), and (8) are identical to the corresponding lines of our baseline welfare ex-

pression (equation 30) and capture (1) welfare for a representative agent, (2) aggregate productivity

gains due to skill investment, (3) the average net cost of skill investment, and (8) the welfare gains

associated with insurable risk.38 The other components of social welfare reflect uninsurable het-

erogeneity and risk, and it is here that the planner’s attitude toward innate inequality (indexed by

ν) matters. Line (4) is the cost of consumption inequality reflecting differences in skills, which

in turn are driven by heterogeneity inκ. Line (5) captures the welfare cost of inequality due to

uninsurable preference heterogeneity, and line (6) is the cost of inequality due to uninsurable pro-

ductivity heterogeneity reflecting past uninsurableω shocks. Line (7) captures the cost of future

increases in consumption inequality due to futureω shocks. Note thatν does not appear in this

term, since the planner values insurance against future shocks just as agents themselves do.

38On line (3), to simplify notation, we have omitted the term inτ−1 since Corollary 4.1 applies here as well.
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TABLE III: Optimal Progressivity under Alternative Values for Inequality Aversion

Inequality Aversion Optimal progressivityτ ∗

ν Baseline (vϕ, vω, vε) = 0 χ = 0 (vϕ, vω, vε) = 0, χ = 0
∞ (Rawlsian) 1.000 0.271 1.000 0.394
2 0.190 0.051 0.295 0.187
1 (Utilitarian) 0.084 −0.035 0.200 0.115
0 (Inequality-neutral) −0.159 −0.392 −0.026 −0.129

We now consider the implications of alternative choices forthe parameterν. First, asν → 1,

the expression forWν(g, τ) collapses to our original social welfare functionW(g, τ) defined in

equation (30). Thus,ν = 1 corresponds to a utilitarian planner.

Second, as we increaseν, the planner becomes more averse to inequality in lifetime utility. A

planner withν = 2 (i.e., a relative risk aversion of 2 over individual consumption equivalents)

would chooseτ = 0.19, just above our estimate for the current U.S. tax/transfer system.

In the limit asν → ∞, the planner is effectively Rawlsian. In this case, the welfare costs

of inequality due to preference heterogeneity and past uninsurable shocks (lines 5 and 6) become

arbitrarily large, which pushes the optimal value forτ toward1 as long as eithervϕ > 0 or vω > 0.

However, the cost of consumption inequality due to differences in skills always remains finite: the

term in line (4) converges tolog [1− (1− τ)/θ]. This term does not explode because skill prices

are bounded away from zero, and beyond a certain point, a marginal increase in progressivity will

reduce the low-skilled pretax wage by more than it increasesnet transfers.

Third, asν → 0, lines (4), (5), and (6) drop out, indicating that the planneris indifferent to

consumption inequality due to initial heterogeneity inκ andϕ and to lifetime inequality due to

cumulated pastω shocks. Line (7) is still present, though, revealing that the planner still values

insurance against future uninsurable shocks.

Table III reports optimal levels forτ for a range of values for the inequality aversion parameter

ν and for four alternative parameterizations of the model: our baseline parameterization, a version

in whichκ is the only source of heterogeneity, and those two cases repeated but withχ = 0.
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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 ofour 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 forτ , agents agree on the amount ofG to

be provided, and this amount is a fractionχ/(1 + χ) of aggregate output; (ii) notwithstanding

multidimensional heterogeneity, the attitude of individual agents toward progressivityτ can be

summarized by a single summary statistic, so voters differ effectively along only one dimension.

As we shall see, these properties will ensure that the medianvoter theorem applies.

We begin by proving that all agents agree on the optimal size of government. This is because

increasingg delivers identical marginal utility gains to all agents from greater public consumption

(χ
g
) and identical marginal losses via associated higher taxation ( 1

λ
· ∂λ
∂g
).

Proposition 8 [agreement onG]. When voting overg, every agent prefersgmed = g∗ = χ/ (1 + χ),

independently of the choice forτ .

We now consider voting overτ and make an additional simplifying assumption: voting occurs

before the realization of the i.i.d. insurable shockε, 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 inτ−1) is given by

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

1− βδ

vω
2

+(1− τ)

(
βδ

γ − βδ

vω
2

+
vϕ
2

− 1

θ
+

ψ

1 + ψ

1

θ

)

+(1− τ)

(
α− ϕ+

η

θ
κ− ψ

1 + ψ

η

θ
κ

)
.(45)

Proposition 9 [median voter]. Under majority rule voting, the equilibriumτ is the value that
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maximizes equation (45) for the agent with the median value for the random variablex = α−ϕ+

1
1+ψ

η
θ
κ.

The median voter theorem applies because preferences are single peaked inτ . This follows

from the concavity ofW (g, τ) (Corollary 4.2). Concavity inW (g, τ) translates into concavity in

U (κ, ϕ, α; g, τ) since the additional terms in equation (45) are linear inτ . 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 statisticx. Sincex 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 chooseτmed =

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 caseθ →
∞ andvω = 0, U

(
xmed; 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 forτ 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 higherτ 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 becauseκ is exponentially distributed. She therefore prefers more redistribution.

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 helplift 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; and Seshadri and Yuki 2004. For a survey, see

Lochner and Monge-Naranjo 2012).

42



When a worker dies (which happens with probability1 − 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 shareΛ of the newborn are unable to invest in skills and

therefore become permanently unskilled (e.g., because of ahigh psychic cost of schooling). The

opportunities of the remaining share(1−Λ) 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 thresholdc in the last period of the parent’s life. Children who are lucky enough to get

a skill investment opportunity are exactly like the workersanalyzed in the previous sections: they

draw an investment costκ, choose an investment levels, and earn a wage per efficiency unitp(s).

All unskilled workers earn the same wagew. Bothw andc are exogenous parameters.

The law of motion for the share of unskilled workersξt is

ξt+1 = δξt + (1− δ) ξt · [Λ + (1− Λ)Pr (c < c | unskilled)](46)

+ (1− δ) (1− ξt) [Λ + (1− Λ)Pr (c < c | skilled)] .

Note that the larger isΛ, the more children become unskilled for reasons unrelated to parental

resources, and hence the smaller is the scope for influencinghuman capital through redistribution.

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 forλ. Con-

sumption for the unskilled has the same form, except that theskill price p(s) is replaced byw.

Given the consumption rule, we can evaluate the probabilities that skilled and unskilled parents’

consumption exceeds the thresholdc, which in turn determine intergenerational transition proba-

bilities. 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 progressivityparameterτ is changed once and

for all. This analysis must be done numerically because changes inτ induce transitional dynamics

in the share of unskilled workers,ξt, according to equation (46).

We now describe how the new parametersw, c, andΛ are calibrated (all other parameter

values are unchanged). We identify an unskilled worker as a high school dropout. In 2000, the
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TABLE IV: Optimal Progressivity with Skill Investment Constraints

Long-runξ at τ ∗ τ ∗ Welfare gain:τUS to τ ∗

Baseline (exogenousξ = 0) 0 0.084 0.62%
Extension with exogenousξ = 17.3% 17.3% 0.132 0.17%
Extension with endogenousξ 17.2% 0.168 0.01%

median labor earnings of full-time high school dropouts was54% of the median earnings of all

full-time workers with more than a high school education.39 This pins down the unskilled wagew.

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 parametersΛ andc. The implied parameter values areΛ = 12.5% andc 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 fallbelow the consumption threshold. Thus,

the calibrated model has the features that (i) most childrenof unskilled parents have a chance of

becoming skilled because the consumption floor is quite low;(ii) very few skilled parents are so

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 withτUS,

thereby abstracting from the effects ofτ on the dynamics ofξt, this force alone would induce the

planner to choose notably higher progressivity than in the baseline model:τ ∗ = 0.132 (second row

39Authors’ computation based on the following Bureau of LaborStatistics 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 overby educational attainment.

40The 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 shareξ would be17.3%.
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of Table IV), up fromτ ∗ = 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 shareξ(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 makeξ a declining function ofτ . On the other

hand, a largerτ distorts incentives to work and invest in skills and lowers average earnings and

consumption. This force tends to makeξ an increasing function ofτ .

Around the empirical tax rateτUS, higher progressivity lowers the share of unskilled workers.

When taking into account this effect ofτ onξ, 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.

Suppose the government could devise a costless policy reform that would remove all investment

constraints and effectively lowerc to zero. 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 sucha policy would be 1.6%. The gain is

relatively small because the transition to the new steady state takes an entire generation.

VIII. E MPIRICAL EVIDENCE

The aim of this section is to assess whether the key implications of our baseline model for the de-

terminants of optimal progressivity find empirical supportin a cross-country panel dataset. Propo-

sition 4 (for the special caseγ = β) establishes that optimal progressivityτ ∗ depends on seven

model parameters:(σ, ψ, χ, θ, vα, vϕ, vε) . In what follows, we assume that preference parameters

σ andψ (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 pro-

gressivity 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
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(Andrew Young School of Policy Studies 2010). This is the most comprehensive and comparable

measure of tax progressivity available.41 For each country-year 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

byMTR (y) = 1−λ (1− τ) y−τ . Using the approximationMTR (y) ≃ − log (1−MTR (y)) =

− log (λ (1− τ)) + τ log(y), it is clear thatMRP ≃ τ .

Our proxy forχ is the share of government purchases in output,g = G/Y , which equals

χ/ (1 + χ) under the optimal model policy. Data on government’s share of GDP come from the

Penn World Tables (PWT) database (Feenstra, Inklaar, and Timmer 2015). The model predicts that

τ should decline withg.

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 sourceimplies a hump-shaped relation

between the optimalτ andθ, as depicted in Figure II. The second source dictates that theoptimal

τ is increasing in the uninsurable components of earnings inequality, vα andvϕ, but declining in

the insurable component,vε. The overall model income distribution is Pareto-lognormal(PLN),

whereθ is the Pareto-Lorenz coefficient, and(vα, vϕ, vε) determine the variance of the lognormal

component, which we denotēv hereafter.

The most comprehensive cross-country dataset on income inequality is the Standardized World

Income Inequality Database (Solt 2016), which contains estimates of Gini coefficients for equiv-

alized household market income. The World Wealth and IncomeDatabase (Alvaredo et al. 2016)

provides direct estimates of the Pareto coefficientθ for a smaller number of countries. Note that

the Gini index of a PLN distribution can be expressed in closed form as a function ofθ and v̄.

Thus, given country-year-specific values for the Gini and for θ, we can recover estimates forv̄.

We choose 1990 as a starting year because many countries havemissing data in earlier years

and because this start date allows us to include the countries in the Eastern Bloc. The last year

41The main shortcoming of the WTI data, from the standpoint of estimating the progressivity of the overall tax and
transfer system, is that it does not include government transfers. The estimatedτUS 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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in the sample is 2005. Our final dataset, 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 themost recent years. The version

of the dataset 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

MRP c
t = Dt + β0g

c
t + β ′

1X
c
t + εct ,

whereMRP c
t (our proxy forτ ) is the index of marginal rate progression in countryc in yeart,

Dt are year dummies,gct is government’s share of output in countryc in yeart, and the vectorXc
t

contains the proxies for income inequality that are available in the particular sample. For the larger

sample of countries,Xc
t is simply the income Gini, whereas for the subsample in whichestimates

for the Pareto coefficient are available, it is the triple
(
θct , (θ

c
t )

2 , v̄ct
)
. This second specification is

theoretically preferable because it allows us to test whether the distinct theoretical implications of

endogenous versus exogenous income inequality for optimalprogressivity are supported empiri-

cally. 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 positive.43 Both are

significant at the 1% level. The regression in column (2) usesthe smaller sample and constitutes

the purest test of the theory. The coefficient ongct remains negative and significant. The coefficients

on θ andθ2 are strongly significant and support the hump-shaped relation implied by the model.

Finally, the coefficient on̄vct is positive and significant, again as predicted by theory (assuming

variation inv̄ct primarily reflects variation invα 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

42We obtain similar results when weighting by country population or not weighting at all.
43In 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 dataset (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.
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TABLE V: Empirical Determinants of Progressivity across Countries

(1) (2) (3) (4) (5) (6)
MRP MRP MRP MRP MRP MRP

G/Y -0.0658∗∗∗ -0.254∗∗∗ -0.0382∗∗ -0.303∗∗∗ 0.0431∗∗∗ -0.185∗∗∗

(-5.08) (-5.82) (-2.67) (-6.01) (3.52) (-4.07)

Income Gini 0.0746∗∗∗ 0.0992∗∗∗ 0.0738∗∗∗

(4.95) (6.89) (5.42)

θ 0.139∗∗∗ 0.123∗∗∗ 0.00451
(7.89) (7.11) (0.22)

θ2 -0.0266∗∗∗ -0.0225∗∗∗ -0.0000972
(-8.62) (-7.52) (-0.02)

ν̄ 0.0248∗∗∗ 0.00585 0.0219∗∗

(3.83) (0.67) (3.30)
Regional Dummies N N Y Y Y Y
Development Dummies N N N N Y Y
N 1585 351 1585 351 1585 351
adj.R2 0.035 0.346 0.280 0.478 0.451 0.629

t statistics in parentheses:∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

development (both based on the World Bank classification).44 Controlling for regional dummies

increases theR2 of the regressions and leaves all results qualitatively unchanged, except for the

significance of the coefficient on̄vct . Adding development dummies changes the sign of the coeffi-

cient ongct 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 onv̄ct remains negative and significant.

Overall, this first pass at the data indicates that our theoryidentifies qualitatively relevant de-

terminants of tax progressivity. We now ask whether the estimated coefficients from regressing

observed progressivity on government purchases and incomeinequality arequantitativelyconsis-

tent 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 parameter-

ization to the United States.

To do so, we start with equation (30), take the first-order condition with respect toτ to derive

44The 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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an expression that implicitly defines the welfare-maximizing value forτ, and then use the implicit

function theorem to compute the sensitivity of optimal progressivity to various structural parame-

ters. We use the solution for the optimal size of governmentg = χ/(1+χ) to translate progressivity

sensitivity with respect toτ to predicted sensitivity with respect tog. For predicted sensitivity with

respect to the variance of the normal component of income (v̄ in our empirical specification), we fix

the ratiosvα/v̄, vϕ/v̄, andvε/v̄ at their estimated values for the United States. The theory-predicted

value fordτ/dg is −0.690 compared to the regression coefficient of−0.254 reported in column

(2) of Table V. The theory-predicted value fordτ/dv̄ is 0.175 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 that̄v andg are measured

with error in our datasets, the empirical coefficients will be biased toward zero.45 Online Appendix

C provides more details on the datasets used in our regressions, additional sensitivity analysis, and

closed-form derivations for the theoretical counterpartsto the empirical regression coefficients.

IX. CONCLUSIONS

This paper develops an equilibrium framework to study the optimal degree of progressivity of

the tax system. The framework restricts the policy space to aparticular functional form for the

tax and transfer schedule with two salient features: (i) themodel 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 parametersregulate 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 ofthe various forces for and

45It is difficult to summarize the theoretical sensitivity ofτ with respect to the Pareto coefficientθ, because this
relationship is nonmonotonic (see Figure II). We can note, however, that the regression coefficients in column (2)
imply that progressivity in the data tends to be largest for countries withθ around2.6, whereas given our baseline
parameterization, the progressivity-maximizing value inthe model isθ = 1.5.
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against progressivity, our baseline 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 as well as la-

bor 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 com-

press inequality in pretax wages because greater relative scarcity of high-skill workers increases

the skill premium in general equilibrium.

A second force limiting the optimal degree of progressivityis 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 the two: 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. Lowermarginal tax rates (achieved through

lower progressivity) help narrow the gap between private and social returns.

Although our baseline utilitarian model suggests a case formaking 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 progres-

sivity. 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 invest-

ment constraints, inducing a larger optimalτ . This extension underlines 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 predictionsabout how progressivity should optimally

vary with government purchases and income inequality.
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APPENDIX A

AA. Empirical measurement of progressivity

Statutory progressivity. It is statutory marginal tax rates that are the relevant tax rates in deter-

mining household’s labor supply and skill investment choices on the margin. This follows from

a standard envelope argument: if an individual is already optimizing on the margin in terms of

spending on tax-deductible items or in terms of tax avoidance activities, then the marginal value of

working a little harder can be computed holding deductions fixed, i.e., using the statutory marginal

rate. We therefore want to estimate the progressivity of statutory tax rates. We begin by proving

our claim of Section II. thatτ does measure the progressivity of statutory (as opposed to effective)

tax rates when using taxable income (i.e., gross incomey minus deductible expensesx) in the

estimation. Tax liabilities are then given by the generalized formula:

(A1) T (y, x) = (y − x)− λ(y − x)1−τ ,

wherey − x is taxable income, which implies the log-linear relation between post-government

income and pre-government taxable income

(A2) log (y − x− T (y, x)) = log λ+ (1− τ) log (y − x)

that we use to estimate the parameterτ, as discussed in detail in Section II. of the paper. The

statutory marginal tax rate implied by (A1 ) is:

(A3) MTRs ≡ ∂T (y, x)

∂y
= 1− λ(1− τ)(y − x)−τ ,

where note that, by definition,x is kept fixed asy varies marginally. Note, instead, that the effective

marginal tax rateMTRe requires computing the total derivative, or:

(A4)

MTRe ≡ dT (y, x)

dy
=
∂T (y, x)

∂y
+
∂T (y, x)

∂x

dx

dy
=
[
1− λ(1− τ)(y − x)−τ

](
1− dx

dy

)
≤MTRs,

which is less than or equal to the statutory marginal tax rateMTRs, as long asx is a normal good.

Intuitively, as income grows, so do non-taxable expenditures and thus taxable income rises less
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than one for one. The average tax rate, expressed as a share oftaxable income, is

(A5) ATR ≡ T (y, x)

y − x
= 1− λ(y − x)−τ .

A natural measure of statutory progressivity is one minus the coefficient of residual income pro-

gression:1 − (1 −MTRs)/(1 − ATR). By combining (A3) and (A5) it is easy to see that this

expression is exactly equal toτ , and thus our empirical approach to estimating progressivity cap-

tures the progressivity of statutory tax rates, as desired.

Average marginal tax rates. We now show that when assuming a balanced budget, the av-

erage income-weighted marginal tax rate is given by eq. (4).To see this, note that budget balance

requiresgY =
∫
yi − λy1−τi di. The income-weighted average marginal tax rate is then given by

∫ [
1− λ (1− τ) y−τi

] (yi
Y

)
di = 1− (1− τ)

∫
λy1−τi (1/Y ) di = 1− (1− τ) (1− g) .

Measurement of tax deductions. As discussed in the main text, the source of our data used

in Section II. is the sample from the Panel Study of Income Dynamics (PSID) for survey years

2000, 2002, 2004, and 2006 (when the PSID is biannual) described in detail in Heathcote, Perri

and Violante (2012). From this data set, we are able to construct, for every household, measures of

income and government transfers defined in the main text. Ouraim is to obtain an accurate estimate

of tax liabilities for household in the sample by running theNBER’s TAXSIM program (Feenberg

and Coutts, 1993) on every record in the data. Most of the fields required by TAXSIM (marital sta-

tus, number of children, various types of income and government transfers, see the description of

the software athttp://users.nber.org/˜taxsim/taxsim9/ ) are are already available

in our original sample. What requires more work is constructing, for each household, an estimate

of their tax deductions in order to arrive at a reliable measure of taxable income. We begin by

calculating the four major sources of itemized deductions in the US tax code: medical expenses,

mortgage interest, state taxes paid, and charitable contributions. The PSID contains three compre-

hensive questions on out-of-pocket medical expenditures for, respectively, (i) nursing home and

hospital bills, (ii) doctor, outpatient surgery, and dental bills, and (iii) prescriptions, in-home med-

ical care, special facilities, and other medical services.Overall these three questions cover a very

broad range of medical expenses.46 Median (mean) household expenditures across ages 25-60,

46More precisely for each of survey years 2001-03-05-07, the questions we extracted are: 2001: ER19842,
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the age range of our sample, are $750 ($1,970), in line with existing estimates from other sources

(see, e.g., Jung and Tran, 2013, for evidence based on the Medical Expenditure Panel Survey). We

follow the instructions on the NBER TAXSIM website on how to calculate the deductible amount

for medical expenses.47 The PSID contains a question on the residual mortgage debt onthe main

residence for homeowners.48 As per the US tax code, we cap this amount at $1,000,000. To cal-

culate interest payments, we multiply that amount by 7 percent, the average 30-year conventional

annual mortgage rate over this period (FRED series MORTG). As for state taxes, our data set con-

tains the household state of residence that TAXSIM uses to compute state taxes paid by households

in calculating the itemized deduction (we used the InternalRevenue Service Statistics of Income

(SOI) state codes, as indicated by the instructions for field2). Finally, since the PSID has no infor-

mation on charitable contributions, we use a simple imputation procedure. Based on the SOI data,

in 2004 charitable contributions amounted to roughly 3% of income, for taxpayers with income

greater than $75,000, where the vast majority of tax returnsclaim itemized deductions (SOI Table

2.1).49 List (2011, Table 2) reports, from survey data across all income levels, that over 2/3 of

households donate to charity, and those who do contribute about 4 percent of their income. Thus

a charitable contribution rate of 3 percent of household income, for all households in the sample,

seems an appropriate rule of thumb for our imputation, and this is what we assume.50 Adding

up these four components we obtain a measure of itemized deduction. TAXSIM then calculates

whether each household is better off taking an itemized deduction or the standard deduction.51

After running TAXSIM on the data, 49 percent of households inour sample would have taken the

itemized deduction (96 percent of those with income above $100,000). According to SOI Table

2.1, in 2004, around 40 percent of tax returns claimed the itemized deduction (97 percent of those

with income above $100,000), which confirms that our imputation procedure, combined with the

ER19848, ER19854. 2003: ER23279, ER23285, ER23291. 2005: ER27240, ER27246, ER27252. 2007: ER40415,
ER40421, ER40447. Since the question asks to report expenditures incurred in the past two years, we divide the
household’s responses by a factor of two to arrive at annual estimates.

47Seehttp://users.nber.org/˜taxsim/taxsim9/medical deduction.html
48For survey years 2001-03-05-07, the question is, respectively: ER17052, ER21051, ER25042, ER36042.
49The exception is taxpayers with income above $10M, whose charitable contributions exceed 6 percent of income.

However, our PSID sample has no observation in that income range.
50In particular, these survey data show no sizable differences across income levels. For example, List reports that

for income levels between $20,000-40,000, the fraction of households who donate is 0.58 with a contribution rate of 5
percent of household income. Thus, even for lower income levels, a 3 percent average contribution rate seems correct.

51The standard deduction varies by marital status. For example, during 2000-2006, for singles it grows steadily
from $4,400 to $5,150, and for married couples from $7,350 to$10,300.
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TAXSIM program, is quite accurate.

Imputation of social security benefits. As explained in the main text, to arrive at a com-

prehensive measure of gross income, we augment income reported in the PSID for each work-

ing household member with the employer’s share (50%) of the Federal Insurance Contribution

Act (FICA) tax, which comprises the Old Age, Survivor and Disability Insurance (OASDI) tax

(or Social Security tax), and the Hospital Insurance (HI) tax (Medicare tax). Incidentally, the

Congressional Budget Office (CBO) makes this same adjustment when computing marginal tax

rates. For the years 2000-2006, the OASDI tax rate was 12.4% (and the employer’s share half

of that) applicable up to an earnings ceiling which varied byyear. For details, see the tables at

https://www.ssa.gov/oact/COLA/cbb.html #Series ). The HI tax rate was 2.9%

(again, the employer’s share being half) and there was no limit to the earnings subject to this tax.

To derive our measure of post-government income, we subtract from gross income the entire FICA

tax liability. For consistency, we need to make an imputation for the corresponding gain in social

security benefits accruing to the household member because of the additional year of work (as

explained in the text we make no analogous adjustment for Medicare benefits because Medicare

eligibility is based on age rather than tied to lifetime earnings). We compute the present value∆ij

of the extra social security benefits that individuali will receive by working at agej relative to the

counterfactual wherei does not work in that year, but where her past and the future earnings are

unchanged. We then add∆ij to government transfers for that individual-year observation.

This calculation is implemented as follows. For every individual in the sample, we compute an

age-earnings profile conditional on genderg and educatione (less than high-school, high-school

degree, and college degree) using a cubic polynomial in agej. Call these functionshge (j). Since

we observe incomeyij for every individuali only once at agej, our best estimate of agej∗ earnings

for this individual is

ŷij∗ =
hge (j

∗)

hge (j)
yij.

Let Ȳi be the Average Index of Monthly Earnings (AIME) under the assumption the individual

works from age0 until retirement ageJret = 35 (36 years, as in our sample), i.e.,

Ȳi =
1

12
·
(

1

Jret

Jret∑

m=0

ŷim

)
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and let

Ȳ −
ij = Ȳi −

1

12
· yij
Jret

be the counterfactual AIME in the absence of agej earnings. The implied annualized social

security benefit gain from working at agej is:

πij = 12 ·
[
P
(
Ȳi
)
− P

(
Ȳ −
ij

)]
,

whereP is the formula that determines monthly benefits as a functionof AIME, see the explanation

at https://www.ssa.gov/oact/COLA/piaformula.html .

The marginal gain to be imputed to post-government earningsis the present value of this pen-

sion gain discounted back to agej accounting for the fact that this additional pension incomeis

paid in every year following retirement age, conditional onsurvival:

∆ij =

(
1

RJret−j

)
πij

J∑

m=Jret

sj,m
Rm−Jret

,

wheresj,m is the probability of surviving from agej to agem (i.e., the probability of collecting at

agem), which is gender-specific and computed based on U.S. Life Tables). In this calculation, we

assume thatJ = 100, sosj,J = 0, andR = 1.04 annually.
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APPENDIX B

This Appendix proves all the results in the main body of the paper.

B.1 Proof of Proposition 1 [hours and consumption]

We follow the proof in Heathcote, Storesletten, and Violante (2014), simplified by the absence

of risk-free bonds in the economy. Since the only securitiesthat are traded are insurance claims

againstε shocks, without loss of generality we can think of our economy as an island economy

where each island is populated by agents indexed by their fixed individual characteristic(ϕ, s) and

their uninsurable wage componentα. On each island, there are complete markets with respect to

ε, so the competitive equilibrium allocation can be computedas the outcome of an island-specific

planner problem. Since agents on an island are ex ante identical, the planner weights must be equal

across agents. Moreover, since each island transfers zero net financial wealth between periods (by

assumption) and preferences are time separable, the island-specific planner problem is static. The

island social planner’s problem, taking the aggregate fiscal variables(G, λ, τ) and the skill price

p(s) as given, is

max
{c(ε),h(ε)}

∫

E

{
log c (ε)− exp [(1 + σ)ϕ]

1 + σ
h (ε)1+σ + χ logG

}
dFε

subject to the resource constraint

(B1)
∫

E

c(ε) dFε = λ

∫

E

exp [(1− τ) (p(s) + α + ε)] h (ε)1−τ dFε.

It is immediate to see that all agents on each island consume the same amount. Exploiting this

perfect risk-sharing outcome, and substituting the resource constraint into the intratemporal first-

order condition (FOC), one obtains hours worked by individuals with shockε on each island

(B2) log h(ε) =
1

(1 + σ)
log(1− τ)− ϕ+

1− τ

σ + τ
ε− 1

σ + τ

[
(1− τ) (1− 2τ − στ)

σ + τ

vε
2

]
,

where the first term is hours worked by the representative agent, and the term in the square bracket

is the constantM(vε; τ). Substituting (B2) into (B1) one obtains

(B3) log c = log λ+
1− τ

1 + σ
log(1− τ) + (1− τ) [log p(s) + α− ϕ] +M(vε; τ).
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In the proof of Proposition4, we solve forλ as a function of(τ, g) and other structural parameters

using the government budget constraint. Note that in eq. 21,

ϑ(τ) = log λ−
(
log(1− g) +

τ

1 + σ
log(1− τ)

)
.

B.2 Proof of Proposition 2 [skill price and skill choice]

The education cost is given byv (s) = κ−1/ψ

1+1/ψ
(s)1+1/ψ, whereκ is exponentially distributed,κ ∼

η exp (−ηκ). Recall from eq.(14) in the main text that the optimality condition for skill investment

is

(B4) v′ (s) =
( s
κ

) 1
ψ
= (1− βδ)E0

∞∑

a=0

(βδ)a
∂u (c (ϕ, α, s; g, τ) , h (ϕ, ε; τ) , g)

∂s
.

The skill levels affects only the consumption allocation (not the hours allocation) and only through

the pricep (s; τ), which is fixed over time. Hence, using (B3), (B4 ) can be simplified as
( s
κ

) 1
ψ
= (1− τ)

∂ log p (s; τ)

∂s
.

We now guess that the log-price function has the form

(B5) log p (s; τ) = π0(τ) + π1(τ) · s,

which implies that the skill allocation has the form

(B6) s(κ; τ) = [(1− τ) π1(τ)]
ψ · κ.

Since the exponential distribution is closed under scaling, skills inherit the exponential density

shape fromκ, with parameterζ ≡ η [(1− τ) π1(τ)]
−ψ, and its density ism (s) = ζ exp (−ζs). We

now turn to the production side of the economy. Effective hours workedN are independent of skill

types (see Proposition 1). Aggregate output is therefore

Y =

{∫ ∞

0

[N ·m (s)]
θ−1
θ ds

} θ
θ−1

.

The (log of the) hourly skill pricep (s) is the (log of the) marginal product of an extra effective

hour supplied by a worker with skills, or

log p (s) = log

[
∂Y

∂ [N ·m(s)]

]
=

1

θ
log Y − 1

θ
log [N ·m (s)](B7)

=
1

θ
log

(
Y

N

)
− 1

θ
log ζ +

ζ

θ
s.
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Equating coefficients across equations (B5) and ( B7) implies π1(τ) =
ζ
θ
= 1

θ
η

[(1−τ)π1(τ)]
ψ , which

yields

(B8) π1(τ) =
(η
θ

) 1
1+ψ

(1− τ)−
ψ

1+ψ

and thus

(B9) m (s) = (η)
1

1+ψ

(
θ

1− τ

) ψ
1+ψ

exp

(
− (η)

1
1+ψ

(
θ

1− τ

) ψ
1+ψ

s

)
.

Similarly, the base skill price is

(B10) π0(τ) =
1

θ
log

(
Y

N

)
− log

(
η
θ

)

θ (1 + ψ)
+

ψ

θ (1 + ψ)
log (1− τ) .

We derive a fully structural expression forπ0(τ) below in the proof of Corollary 2.2 when we solve

for Y andN explicitly.

B.3 Proof of Corollary 2.1 [distribution of skill prices]

The log of the skill premium for an agent with abilityκ is

π1(τ) · s(κ; τ) = π1(τ) · [(1− τ) π1(τ)]
ψ · κ =

η

θ
· κ

where the first equality uses (B6), and the second equality follows from (B8). Thus, log skill

premia are exponentially distributed with parameterθ. The variance of log skill prices is

var (log p(s; τ)) = var (π0(τ) + π1(τ) · s(κ; τ)) =
(η
θ

)2
var(κ) =

1

θ2
.

Since log skill premia are exponentially distributed, the distribution of skill prices in levels is

Pareto. The scale (lower bound) parameter isexp(π0(τ)) and the Pareto parameter isθ.

B.4 Proof of Corollary 2.2 [aggregate quantities]

Aggregate hours and aggregate effective hours are given, respectively, by

H(τ) =

∫ ∫
h(ϕ, ε; τ) dFϕdFε,

N(s; τ) = N(τ) =

∫ ∫ ∫
exp(α + ε)h(ϕ, ε; τ) dFϕdFαdFε.
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Using the expression for individual hours in Proposition 1 and integrating over the normal distri-

butions forϕ, α, andε gives

H(τ) = (1− τ)
1

1+σ exp

(
τ (1 + σ̂)− σ̂

σ̂2

vε
2

)

N(τ) = (1− τ)
1

1+σ exp

(
τ (1 + σ̂) + σ̂

σ̂2

vε
2

)
= H (τ) · exp

(
1

σ̂
vε

)
.

Aggregate output is equal to aggregate labor earnings

Y (τ) =

∫ ∫ ∫ ∫
p(s; τ) exp(α+ ε)h(ϕ, ε; τ) dFsdFϕdFαdFε(B11)

=

∫
p (s; τ) dFs ·N (τ)

=
θ

θ − 1
· exp (π0 (τ)) ·N (τ) ,

where the last line follows from the fact that skill prices are Pareto distributed with scaleexp(π0(τ))

and Pareto parameterθ. Aggregate labor productivity is

Y (τ)

H(τ)
=
Y (τ)

N(τ)
· N(τ)

H(τ)
= E [p (s; τ)] · exp

(
1

σ̂
vε

)
.

Finally, one can solve for the base log skill priceπ0 (τ). From the production function, eq. (5) in

the main text, we have that

Y =

{∫ ∞

0

[N(τ) · ζ exp (−ζs)]
θ−1
θ ds

} θ
θ−1

= N(τ) ·
(

θ

θ − 1

) θ
θ−1

(η)
− 1

(θ−1)(1+ψ)

(
1− τ

θ

) ψ
(θ−1)(1+ψ)

.(B12)

Comparing this equation to eq. (B11) it is immediate that

π0(τ) =
1

(θ − 1)(1 + ψ)

[
ψ log

(
1− τ

θ

)
− log (η)

]
+

1

θ − 1
log

(
θ

θ − 1

)
,

which is the expression reported in Proposition 2.

B.5 Proof of Proposition 3 [efficiency withχ = vω = τ = 0]

With χ = 0 there is no desire for the publicly provided good, and thus the absence of a private

market for this good is irrelevant. Withvω = 0 the absence of private markets for insuring shocks

toα is similarly irrelevant: such shocks are simply assumed away. Recall that there are competitive
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markets for consumption, for the labor supply of each skill type, and competitive insurance markets

for shocks toε. Thus, givenχ = 0 andvω = 0 and absent government intervention (i.e., with

τ = 0 andλ = 1), the first welfare theorem applies and competitive equilibrium allocations are

Pareto efficient and correspond to the solution to a planner’s problem. We now derive the Pareto

weights such that the solution to the planner’s problem corresponds to the competitive equilibrium

allocations. Here, we take as given a result that we’ll formally prove in Corollary 4.6: when the

weights the planner puts on future generations equals the agent’s discount factorβ, then social

welfare is equal to average period utility in cross section.Moreover, absent uninsurable life-

cycle shocks, average period utility is independent of age.Thus, the planner chooses allocations

c(ϕ, κ, ε), h(ϕ, κ, ε), ands(ϕ, κ, ε) to solve

max

∫ ∫ ∫
ζ(ϕ, κ, ε)

{
log c(ϕ, κ, ε)− exp [(1 + σ)ϕ]

1 + σ
h(ϕ, κ, ε)1+σ − (κ)−1/ψ

1 + 1/ψ
(s(ϕ, κ, ε))1+1/ψ

}
dFκdFϕdFε

subject to

∫ ∫ ∫
c(ϕ, κ, ε)FκdFϕdFε =

[∫ ∞

0

E(z)
θ−1
θ dz

] θ
θ−1

,

where effective hours by skill typez is given by

E(z) =

∫ ∫ ∫
h(ϕ, κ, ε) exp(ε)I{s(ϕ,κ,ε)=z}dFκdFϕdFε.

The first-order condition with respect to consumption is

ζ(ϕ, κ, ε)

c(ϕ, κ, ε)
= µ,

whereµ is the multiplier on the resource constraint. The competitive equilibrium consumption

allocation is given by

log c(ϕ, κ, ε) = log λ+ π0(τ = 0) + π1(τ = 0) · s(κ; τ = 0)− ϕ+
1

σ

vε
2

= log λ+ π0(τ = 0) +
η

θ
κ− ϕ+

1

σ

vε
2
.

It follows immediately that the Pareto weights must take theform

log ζ(ϕ, κ) =
η

θ
κ− ϕ+̟,
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where̟ is a constant. Now the average Pareto weight must equal one:
∫ ∫

ζ(ϕ, κ)dFϕdFκ = 1

Thus,
∫ ∫

exp
(η
θ
κ− ϕ+̟

)
dFϕdFκ = exp(̟)

∫
exp

(η
θ
κ
)
dFκ

= exp(̟)
θ

(θ − 1)

= 1,

which impliesexp(̟) = θ−1
θ

and thus

log ζ(ϕ, κ) =
η

θ
κ− ϕ− log

θ

θ − 1
.

Therefore, we have shown that given the candidate Pareto weights, the planner’s consumption

allocation aligns with the competitive equilibrium allocation. We now verify that given the same

Pareto weights, the equilibrium allocation for skill investment corresponds to the skill investment

rule preferred by the planner. To simplify the analysis, we abstract from flexible labor supply and

preference heterogeneity, so that agents are heterogeneous only with respect toκ, and the planner’s

skill investment rule must take the forms(κ). Thus,

Y = N ·
[∫

fs(z)
θ−1
θ dz

] θ
θ−1

whereN is effective hours worked per capita andfs(z) is the density of skill typez. LetFs denote

the unknown CDF for skills. We know that

Fs(s(κ)) = Fκ(κ).

By the chain rule

fs(s(κ))s
′(κ) = fκ(κ).

So

Y = N ·
[∫ ∞

0

fs(z)
θ−1
θ dz

] θ
θ−1

= N ·
[∫ ∞

0

(
fκ(s

−1(z))

s′(s−1(z))

) θ−1
θ

dz

] θ
θ−1

= N ·
[∫ ∞

0

(
fκ(κ)

s′(κ)

) θ−1
θ

s′(κ)dκ

] θ
θ−1

,
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where the substitutions in the last line useκ = s−1(z) ands′(κ)dκ = dz and also exploit the fact

that the limits of integration do not change becauses(0) = 0 ands(∞) = ∞. Thus, the planner’s

problem can be formulated in Lagrangian form as follows:

max
{c(κ),s(κ),s′(κ),λ,ξ(κ)}

Λ =

∫
ζ(κ)

{
log c(κ)− (κ)−1/ψ

1 + 1/ψ
s1+1/ψ

}
dFκ

+λ

{
N ·

[∫ ∞

0

fκ(κ)
θ−1
θ s′(κ)

1
θ dκ

] θ
θ−1

−
∫
c(κ)dFκ

}

+

∫ ∞

0

ξ(κ)

[
s(κ)−

(∫ κ

0

s′(x)dx+ s(0)

)]
dκ,

where the first line is the objective, the second is the resource constraint, and the third is a set of

constraints linking skill investment levels and derivatives. We know thats(0) = 0. The first-order

conditions fors(κ) ands′(κ) are

−
(
s (κ)

κ

) 1
ψ

ζ(κ)f(κ) + ξ(κ) = 0

and

λN
θ

θ − 1

[∫ ∞

0

fκ(κ)
θ−1
θ s′(κ)

1
θ dκ

] 1
θ−1

f(κ)
θ−1
θ
1

θ
s′(κ)

1−θ
θ −

∫ ∞

κ

ξ(x)dx = 0.

The last first-order condition can be rewritten as

λN1− 1
θ

θ

θ − 1
Y

1
θ fκ(κ)

θ−1
θ
1

θ
s′(κ)

1−θ
θ =

∫ ∞

κ

ξ(x)dx.

Combining the two first-order conditions yields

(B13)
1

θ − 1

(
Y

N

s′(κ)

fκ(κ)

) 1−θ
θ

=

∫ ∞

κ

(
s (κ)

κ

) 1
ψ

ζ(x)fκ(x)dx.

Now the planner weights and competitive equilibrium skill investment rule withτ = 0 are

log ζ(κ) =
η

θ
κ− log (θ/(θ − 1))

s (κ) =
(η
θ

) ψ
1+ψ · κ.

Substituting these into the first-order condition (B13) gives

1

θ − 1


Y

N

(
η
θ

) ψ
1+ψ

fκ(κ)




1−θ
θ

=

∫ ∞

κ







(
η
θ

) ψ
1+ψ x

x




1
ψ

exp

(
η

θ
x− log

(
θ

θ − 1

))
η exp (−ηx)




dx,
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which simplifies to

Y

N
= θ (θ − 1)

θ
1−θ

(η
θ

)− 1
(ψ+1)(θ−1)

,

which is exactly productivity per efficiency unit of labor supplied in the competitive equilibrium.

This can be easily verified by substituting eq. ( 24) forπ0 into eq. (28) for aggregate output. Thus

the planner’s first-order condition is satisfied at the equilibrium allocation.

B.6 Proof of Proposition 4 [closed-form social welfare]

We prove this proposition in two steps. First, we show how to derive a closed-form solution for the

residual fiscal instrumentλ. Second, we substitute the allocations into the social welfare function

and show how to obtain eq. (30).

Step 1.If we let Ỹ =
∫
y1−τi di, we have

(B14) λ =
(1− g)Y

Ỹ
.

To computeỸ , it is useful to aggregate by age group. LetỸ a denote average per capita disposable

income for agents of agea:

Ỹ a =

∫
[y (s, ϕ, ε, α)]1−τ m (s) dsdF a

αdFϕdFε

=

∫
[h (ε) exp (p (s) + αa + ε)]1−τ m (s) dsdF a

αdFϕdFε.

Substituting in the hours allocation (20) the expression for the skill price (22), the density function

m (s) in eq. (B9), and integrating, we arrive at

Ỹ a = K × exp

(
−τ (1− τ)

vaα
2

)
,

where

K = (1− τ)
1−τ
1+σ exp

(
−1

σ̂
M
)
exp

((
(1− τ) (1 + σ̂)

σ̂

(
(1− τ) (1 + σ̂)

σ̂
− 1

))
vε
2

)

× exp
(
−τ(1 − τ)

vϕ
2

)
exp [(1− τ)π0(τ)]

∫
exp [(1− τ) π1(τ)s]m (s) ds.
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Note that
∫ ∞

0

exp [(1− τ) π1(τ)s]m (s) ds

=
θ

θ − 1 + τ

∫ ∞

0

θ − 1 + τ

θ
ζ exp

(
−θ − 1 + τ

θ
ζs

)
ds

=
θ

θ − 1 + τ
,

and recall that

π0 (τ) =
1

θ − 1

{
1

1 + ψ
[ψ log (1− τ)− log η − ψ log θ] + log

(
θ

θ − 1

)}

M =
(1− τ) [1− τ (1 + σ̂)]

σ̂

vε
2
.

Now sum across age groups to obtain

Ỹ = (1− δ)
∞∑

a=0

δaỸ a = K × (1− δ)
∞∑

a=0

δa exp

(
−τ (1− τ)

vaα
2

)

= K ×
(1− δ) exp

(
−τ(1 − τ)v

0
α

2

)

1− δ exp
(

−τ(1−τ)
2

vω

) .(B15)

Substituting(B12) and(B15) into (B14) and simplifying, we arrive at a solution for the equilib-

rium value ofλ which, in logs, is

log λ = log(1− g) +
τ (1− τ)

σ + τ

(
1 + σ

σ + τ
+ 2 + σ

)
vε
2
+

τ

1 + σ
log (1− τ)(B16)

+τ (1− τ)
vϕ
2

− log (1− δ) + τ (1− τ)
v0α
2

+ log

[
1− δ exp

(−τ(1 − τ)

2
vω

)]

+

(
ψ

1 + ψ

)
τ

θ − 1
log

(
1− τ

θ

)
−
(

1

1 + ψ

)
τ

θ − 1
log η

+

(
θ + τ − 1

θ − 1

)
log

(
θ

θ − 1

)
+ log

(
θ − 1 + τ

θ

)
.

Step 2.Substituting the equilibrium allocations into period utility at agea ≥ 0, we have

u(ca, h, G) = log λ+
1− τ

1 + σ
log (1− τ)− (1− τ)ϕ

+
1− τ

(θ − 1) (1 + ψ)

[
ψ log (1− τ) + log

(
1

η

θ

(θ − 1)(1+ψ)

)]
+M(B17)

− exp

(
− 1 + σ

σ̂(1− τ)
M
)
exp

(
1 + σ

σ̂
ε

)(
1− τ

1 + σ

)
+ (1− τ)κ

η

θ
+ χ logG+ (1− τ)αa
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The disutility cost from investing in education is

(B18) v (s (κ)) = − κ−1/ψ

1 + 1/ψ
· s(κ; τ)1+1/ψ = − (1− τ) κ

η

(1 + 1/ψ) θ
.

Average cross-sectional utility (excluding skill investment costs) at agea, which we denote bȳua,

is

ūa =

∫ ∫ ∫ ∫
u(ca, h, G)dFκdFεdFϕdF

a
α

= ū− (1− τ)
vaα
2

= ū− (1− τ)
avω
2
,

where

ū = log λ+
1− τ

1 + σ
log (1− τ)− (1− τ)

vϕ
2

+
1− τ

(θ − 1) (ψ + 1)

[
ψ log (1− τ) + log

(
1

η

θ

(θ − 1)(1+ψ)

)]

M− 1− τ

1 + σ
+

1− τ

θ
+ χ log (gY )

(B19)

and where the derivation of the expression forū exploits the facts that
∫

exp

(
− 1 + σ

σ̂(1− τ)
M
)
exp

(
1 + σ

σ̂
ε

)
dFε = 1,

∫
(1− τ)κ

η

θ
dFκ =

1− τ

θ
.

Substituting in eq. (B19) expression (B16) forλ and (B12) forY gives

ū = log(1− g) + χ log g + (1 + χ)
log(1− τ)

(1 + σ̂)(1− τ)
− 1

(1 + σ̂)
(B20)

+ (1 + χ)

[
1

θ − 1

ψ

1 + ψ
log (1− τ) +

1

θ − 1

1

1 + ψ
log

(
1

ηθψ

(
θ

θ − 1

)θ(1+ψ))]

−
[
− log

(
1−

(
1− τ

θ

))
−
(
1− τ

θ

)]
− (1− τ)2

vϕ
2

+ log



1− δ exp

(
−τ(1−τ)

2
vω

)

1− δ


 + (1 + χ)

[
1

σ̂
vε − σ

1

σ̂2

vε
2

]
.

Average skill investment costs for agents born after the taxreform are

v̄Y = E

[
− (1− τ) κ

η

(1 + 1/ψ) θ

]
= −

(
ψ

1 + ψ

)
1

θ
(1− τ),
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whereas average net costs for those born prior to the reform are

v̄O =
ψ

1 + ψ

1− τ

θ
− ψ

1 + ψ

1− τ−1

θ
= −

(
ψ

1 + ψ

)
1

θ
(τ − τ−1) .

Now we are in a position to add up across cohorts to compute social welfare defined as

W0(g, τ ; τ−1) = (1− γ)
γ − βδ

γ(1− βδ)

∞∑

j=−∞

γjUj,0(g, τ ; τ−1)

= (1− γ)
γ − βδ

γ(1− βδ)

−1∑

j=−∞

γjUj + (1− γ)
γ − βδ

γ(1− βδ)

∞∑

j=0

γjUj ,

where the second line partitions the population into cohorts born before and after the tax reform.

Starting with the agents born after the tax reform,

(1− γ)
γ − βδ

γ(1− βδ)

∞∑

j=0

γjUj = (1− γ)
γ − βδ

γ(1− βδ)

∞∑

j=0

γj

(
(1− βδ)

∞∑

a=0

(βδ)aūa − v̄Y

)

=
γ − βδ

γ

∞∑

a=0

(βδ)aūa −
γ − βδ

γ(1− βδ)
v̄Y .

Now

ūa = ū− (1− τ) a
vω
2
,

so
∞∑

a=0

(βδ)aūa =
ū

1− βδ
− (1− τ)

vω
2

{
βδ + 2 (βδ)2 + ...

}

=
ū

1− βδ
− βδ

(1− βδ)2
(1− τ)

vω
2

and thus

(1− γ)
γ − βδ

γ(1− βδ)

∞∑

j=0

γjUj =
γ − βδ

γ(1− βδ)
ū− γ − βδ

γ(1− βδ)2
βδ (1− τ)

vω
2

− γ − βδ

γ(1− βδ)
v̄Y .

Now consider agents born before the reform (the youngest of which are age 1 at the time of reform):

(1− γ)
γ − βδ

γ(1− βδ)

−1∑

j=−∞

γjUj = (1− γ)
γ − βδ

γ(1− βδ)
×

γ−1(βδ)1
{
(1− βδ)

(
ū1 + (βδ)ū2 + (βδ)2ū3 + ...

)
− v̄o

}

+γ−2(βδ)2 {(1− βδ) (ū2 + (βδ)ū3 + ...)− v̄o}+ ....
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Adding the pieces here involvinḡu andv̄o gives

(1− γ)
βδ

γ(1− βδ)
(ū− v̄o) .

The term invω is

(1− γ)
γ − βδ

γ(1− βδ)
×
(
− (1− τ)

vω
2

)
× (1− βδ)×

{(
βδ

γ

)(
1 + 2(βδ) + 3(βδ)2 + ...

)
+

(
βδ

γ

)2 (
2 + 3(βδ) + 4(βδ)2 + ...

)
+ ...

}

= (1− γ)
γ − βδ

γ
×
(
− (1− τ)

vω
2

)
×
{
βδ

γ

1

(1− βδ)2
+

(
βδ

γ

)2(
1

1− βδ
+

1

(1− βδ)2

)
+ ...

}

= (1− γ)
γ − βδ

γ
×
(
− (1− τ)

vω
2

)
×





βδ
γ

(1− βδ)(1− βδ
γ
)


 1

(1− βδ)
+

(
βδ
γ

)

(
1− βδ

γ

)





 .

Now we can add together the contributions to social welfare from agents born before and after

the reform. The two terms involvinḡu add up exactly tōu. The terms in̄vY and v̄0 simplify to

give−
(

ψ
1+ψ

)
1
θ

[
(1− τ) + βδ

γ
(1−γ)
(1−βδ)

(1− τ−1)
]
. The term invω is − βδ

γ−βδ
(1− τ) vω

2
. Collecting

all these terms gives the expression for social welfare in Proposition 4. In particular, collecting the

terms invω, we obtain

−


(1− τ)

βδ

γ − βδ

vω
2

− log



1− δ exp

(
−τ(1−τ)

2
vω

)

1− δ




 .

Whenγ = β, the first term in square brackets simplifies to(1− τ) δ
1−δ

vω
2

. The second term can be

approximated as follows:

log



1− δ exp

(
−τ(1−τ)

2
vω

)

1− δ


 ≈ log

(
1 +

δ

1− δ
τ(1 − τ)

vω
2

)
≈ τ(1 − τ)

δ

1 − δ

vω
2
.

Adding the two pieces, we have

(1− τ)
δ

1 − δ

vω
2

− τ(1 − τ)
δ

1 − δ

vω
2

= (1− τ)2
δ

1− δ

vω
2

= (1− τ)2
vα
2
,

where the last equality reflects the fact thatvα is the cross-sectional variance of the cumulated

innovationsω, and theδ in the numerator reflects our assumption that wage shocks start realizing

at agea = 1. We use this approximate result when we interpret the various components of social
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welfare in Section V.B.. Note that this approximation is extremely accurate for plausible parameter

values. For example, when evaluated atβ = γ, the empiricalτUS = 0.181, and the calibrated

valuesδ = 0.971 andvω = 0.003, the accurate and the approximated values for the welfare cost if

uninsurable life-cycle risk are0.03371 and0.03368, respectively.

B.7 Proofs of Corollaries 4.1, 4.2, 4.3, 4.4, 4.5

4.1: In eq. (30), the term inτ−1 is additively separable from all the others containingg andτ .

4.2: Differentiating the expression for social welfare twice with respect toτ , it is straightforward

to show that each term except the last one involving insurable risk is strictly concave inτ . The

term in insurable risk has a second derivative equal to

− (1 + χ)
σ − 2τ

(σ + τ)4
(1 + σ)2 vε,

which is less than or equal to zero ifσ ≥ 2. Thus,σ ≥ 2 is a (weak) sufficient condition for global

concavity of social welfare with respect toτ . It is straightforward to verify that the social welfare

expression is concave ing. 4.3: Differentiating eq. (30) with respect toτ , the first-order condition

has no terms involvingg. Thus, the optimal choice forτ is independent ofg. 4.4: Differentiating

eq. (30) with respect tog, the first-order condition is

−1

1− g
+
χ

g
= 0,

which immediately gives the expression forg∗ in eq. (31 ).4.5: The parameterη only appears in

an additively separable constant in eq. (30). Thus, this parameter does not appear in the first-order

conditions defining the optimal choices forg andτ .

B.8 Proof of Corollary 4.6 [γ = β case]

In eq. (29) whenγ = β, the constant termΓ simplifies to 1−δ
1−βδ

. LetE [u0] denote expected period

utility for newborn agents from consumption and leisure. The contribution to social welfare from

newborn agents is then

(1− β)
1− δ

1− βδ
·
(
1 + β + β2 + ...

)
· (1− βδ)E [u0] = (1− δ) · E [u0] .

where(1 + β + β2 + ...) reflects the weights the planner puts on current and future cohorts of age

zero. Note that(1− δ) is the size of the population at age zero. Similarly, the age1 component is
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given by

(1− β)
1− δ

1− βδ
·
(
β−1 + 1 + β + β2 + ...

)
· (1− βδ) · βδE [u1] = (1− δ) δE [u1]

where the term(1− δ) δ is the size of the population at age 1. And so on. Now we need to compute

how skill acquisition costs factor into social welfare. Education costs for the newborn and future

cohorts are

(1− β)
1− δ

1− βδ
·
(
1 + β + β2 + ...

)
· E [v (s (κ, τ) , κ)] =

1− δ

1− βδ
· E [v (s (κ, τ) , κ)]

If skill accumulation decisions are fully reversible, the net skill investment cost for an agent of

type κ given a new progressivity valueτ and a past progressivity valueτ−1 is v (s(κ; τ), κ) −
v (s(κ; τ−1), κ). Thus, withγ = β, the contribution to social welfare from net skill investments

from cohorts who entered the economy in the past (agesa = 1, 2, ...) is

(1− β)
1− δ

1− βδ
·

∞∑

a=1

(
βδ

β

)a
E [v (s(κ; τ), κ)− v (s(κ; τ−1), κ)]

=
δ(1− β)

1− βδ
· E [v (s(κ; τ), κ)− v (s(κ; τ−1), κ)]

Adding the two pieces, and ignoring the term inτ−1, since it is separable fromτ and thus irrelevant

for optimization, gives

E [v (s (κ, τ) , κ)] =

(
ψ

1 + ψ

)
1− τ

θ

Adding up these various welfare components gives the expression for social welfare in eq. (32).

B.9 Proof of Proposition 5 [efficiency in RA model]

We will prove this proposition for general CRRA utility withrisk aversion coefficientγ > 0.

The baseline model corresponds to the special caseγ = 1. Absent household heterogeneity, the

planner’s problem (for a planner with access to lump-sum taxes) is

max
H,C,G

{
C1−γ

1− γ
− H1+σ

1 + σ
+ χγ

G1−γ

1− γ

}

such that

C +G = H.
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The first-order conditions give the following solution

H∗ = (1 + χ)
γ

γ+σ

g∗ =
G∗

H∗
=

χ

1 + χ
.

We now show that a planner with access only to the tax schedulein (1) can replicate the same

allocations by settingτ = −χ andλ = (1 + χ)−1− χγ
γ+σ . To verify this, consider the representative

household’s problem:

max
C,H

{
C1−γ

1− γ
− H1+σ

1 + σ

}

s.t.

C = λH1−τ .

with FOC

(
λH1−τ

)−γ
λ(1− τ)H−τ = Hσ.

Substituting in the candidate expressions forτ andλ gives

H = (1 + χ)
γ

σ+γ = H∗.

Substituting this expression for hours plus the candidate expressions forτ andλ into the govern-

ment budget constraint gives

G = H − λH1−τ =
χ

1 + χ
H∗

so thatG/H = G∗/H∗.

B.10 Derivation of welfare cost of between-skill consumption dispersion

The skill-related component of consumption,p (s)1−τ , is Pareto distributed with parameterP =

θ/(1 − τ). If consumption is Pareto distributed with Pareto parameter P , the expected value for

consumption isP/(P − 1). Log consumption is then exponentially distributed, with exponential

parameterP and the expected value for log consumption is1/P . LetFc denote the Pareto cumu-

lative distribution function (CDF) for this consumption, and letFz denote the Exponential CDF

for z = log c. The welfare cost̟ of consumption dispersion (assuming logarithmic preferences)
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can then be calculated as the fraction̟ by which safe consumption must be reduced to deliver the

same expected utility as risky consumption:

log

(
P

P − 1
(1−̟)

)
=

∫
log c dFc

log

(
P

P − 1
(1−̟)

)
=

∫
z dFz

log

(
P

P − 1

)
+ log(1−̟) =

1

P

̟ ≈ − log(1−̟) = log

(
P

P − 1
− 1

P

)

Since in our economyP = θ/(1 − τ) and̟ is small,̟ is approximately equal to the expression

in eq. (36).

B.11 Proof of Proposition 6 [condition for optimal progressivity]

Assumeγ = β and approximate the sixth line of the social welfare expression (eq. 30) by−(1 −
τ)2 vα

2
. Then the derivative of the social welfare expression with respect toτ is

∂W(g, τ ; τ−1)

∂τ
|τ=0 = −

(
1

1 + σ
+

ψ

1 + ψ

1

θ − 1

)
(1 + χ)− 1

1 + ψ

1

θ
+

1

1 + σ
+

1

θ − 1
+vϕ+vα.

It is immediate that this derivative is positive if and only if the condition in Proposition 6 is satisfied.

B.12 Proof of Proposition 7 [inequality aversion]

We begin by computing expected utility (excluding skill investment costs) for an agent with states

(κ, ϕ, α) prior to ε being drawn. Substituting(B16) into (B17) and taking the expected value of

this prior toε being drawn yields, after some simplifications:

ũ(κ, ϕ, α; g, τ) = C(g, τ) + (1− τ)α− (1− τ)ϕ+ (1− τ)
η

θ
κ− 1− τ

1 + σ
+ χG(g, τ)
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whereC(g, τ) captures the components showing up in the log consumption allocation that are

common across all individuals

C(g, τ) = log(1− g) +
(1− τ)

(σ + τ)2
(σ + 2τ + στ)

vε
2

+

(
1

1 + σ
+

ψ

1 + ψ

1

(θ − 1)

)
log (1− τ)

+τ (1− τ)
vϕ
2

+ τ (1− τ)
v0α
2

+ log



1− δ exp

(
−τ(1−τ)

2
vω

)

1− δ




− 1

(θ − 1) (ψ + 1)
log (η) +

θ

(θ − 1)
log

(
θ

θ − 1

)
− ψ

(1 + ψ)(θ − 1)
log (θ)

+ log

(
θ − 1 + τ

θ

)

and where

G(g, τ) = log g + log Y (τ)

= log g +

(
τ (1 + σ̂) + σ̂

σ̂2

vε
2

)
+ log

((
θ

θ − 1

) θ
θ−1

)
+ log

(
η

1
1+ψ

1
1−θ θ

ψ
ψ+1

1
1−θ

)

+ log
(
(1− τ)

1
1+σ

− ψ
ψ+1

1
1−θ

)
.

Now, let’s add the net cost of skill investment:

v (κ; τ) =

{
[(1− τ)− (1− τ−1)]

ψ
(1+ψ)

η
θ
κ if a > 0

(1− τ) ψ
(1+ψ)

η
θ
κ if a = 0.

Next, we compute the value for constant consumption foreverthat, assuming equilibrium hours

and skill investment, gives an agent lifetime utility equalto what would accrue, in expectation, to

an agent with type(κ, ϕ, α; g, τ). Define the answer as

c̄(κ, ϕ, α; g, τ) = exp

(
C(g, τ) + (1− τ)α− (1− τ)ϕ+ (1− τ)

η

θ
κ− (1− τ)

vω
2

βδ

1− βδ

)
.

Now suppose that the contribution to social welfare from thecohort of agea at the time of the tax

reform is an age-dependent weight times

Va (g, τ) = log

(∫ ∫ ∫
c̄(κ, ϕ, α; g, τ)1−νdFκdFϕdF

a
α

) 1
1−ν

− 1− τ

1 + σ
+ χG(g, τ)

− ψ

(1 + ψ) θ

[
(1− τ)− I{a>0} (1− τ−1)

]
.
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Integrating the first term and rearranging yields:

Va (g, τ) = C(g, τ)− (1− τ)
vω
2

βδ

1− βδ
+ (1− τ) ((1− τ) (1− ν)− 1)

(vϕ + avω)

2

+
1

ν − 1
log

(
(ν − 1)

1

θ
(1− τ) + 1

)

−1 − τ

1 + σ
+ χG(g, τ)− ψ

(1 + ψ) θ

[
(1− τ)− I{a>0} (1− τ−1)

]
.

The planner’s objective is

(B21) W0(g, τ) = (1− γ)
γ − βδ

γ(1− βδ)

∞∑

a=1

γ−a(βδ)aVa (g, τ) + (1− γ)
γ − βδ

γ(1− βδ)

∞∑

j=0

γjV0 (g, τ) .

Aggregating across cohorts using(B21) with γ = β yields, after some manipulations, the expres-

sion in Proposition 7. To conclude, it is useful to explain why lines (4)-(6) in Proposition 7 measure

the cost of consumption inequality reflecting skill (κ) differentials, preference heterogeneity, and

past uninsurable shocks. Defineωκ as the solution to

log

(∫
exp

(
(1− τ)

η

θ
κ
)1−ν

dFκ

)1/(1−ν)

= log[(1 + ωκ)θ/(θ − (1− τ))]

whereexp[(1− τ)η/θ · κ] is the factor in consumption attributable toκ andθ/(θ− (1− τ)) is the

expected value for this factor. Given our exponential distribution forκ, ωκ ≈ log (1− (1− τ)/θ)+

1/(ν− 1) · log (1 + (ν − 1) · (1− τ)/θ). Similarly, for the welfare cost of consumption inequality

due to heterogeneity in the taste for leisure, line (5), defineωϕ as the solution to

log

(∫
exp (−(1− τ)ϕ)1−ν dFϕ

)1/(1−ν)

= log ((1 + ω) exp ((1− τ) ((1− τ)− 1) vϕ/2))

whereexp (−(1− τ)ϕ) is the factor in consumption attributable toϕ, andexp ((1− τ) ((1− τ)− 1) vϕ/2)

is the expected value for this factor. Given our Normal distribution forϕ, ωϕ = −(1− τ)2ν · vϕ/2.

Line (6) in the welfare expression in Proposition 7 is obtained analogously.

B.13 Proof of Propositions 8-9 [median voter]

To understand Proposition 8, note that the preferred value for g for agenti obeys the first-order

condition

(B22) χ
1

g
=

ci
1− g

· 1
ci
.
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The left-hand side is the benefit from a marginal increase in the share of output devoted to publicly

provided goods, which, given separable preferences, is identical across agents. The right-hand

side is the cost associated with a marginal increase ing. Sinceci can be expressed asci(g, τ) =

λ (g) c̄i(τ) = (1− g) Λ̄c̄i(τ), where the terms̄Λ andc̄i(τ) are independent ofg, the derivative of

individual consumption with respect tog is (minus) the first term on the right-hand side of (B22).

The second term is the marginal utility of private consumption.

We now move to the proof of Proposition 9. Substituting the allocationss (κ; τ), h (ϕ, ε; τ) ,

andc (ϕ, α, s; g, τ) into expected utility(7) yields

U = − (1− τ) η

(1 + 1/ψ) θ
κ + (1− βδ)E

∞∑

j=0

(βδ)j
{
log λ (g, τ) +

log(1− τ)

(1 + σ̂)
+M+ (1− τ)

[
αj − ϕ+ κ

η

θ

]

+
1− τ

(θ − 1) (ψ + 1)

(
ψ log (1− τ) + log

(
1

η

θ

(θ − 1)(1+ψ)

))
− 1− τ

1 + σ
exp

(
− 1 + σ

σ̂(1− τ)
M+

1 + σ

σ̂
ε

)}

+χ logG.

Now, suppose that the choice ofτ is made before observingε. Then, the term inε becomes− 1−τ
1+σ

(see the proof of Corollary 6.1). In addition,

(1− βδ)E
∞∑

j=0

(βδ)j (1− τ)αj = (1− τ)

(
α− βδ

1− βδ

vω
2

)
.

Thus,
∫
U (κ, ϕ, α, ε; g, τ)dFε = log λ (g, τ) +

log(1− τ)

(1 + σ̂)
+M

+
1− τ

(θ − 1) (1 + ψ)

(
ψ log (1− τ) + log

(
1

η

θ

(θ − 1)(1+ψ)

))

− (1− τ)ϕ+
1− τ

1 + ψ

η

θ
κ− 1− τ

1 + σ

+ (1− τ)

(
α− βδ

1− βδ

vω
2

)
+ χ logG.

Recall that the baseline social welfare function is

W(g, τ) = log λ (g, τ) +
log(1− τ)

(1 + σ̂)
+M+

1− τ

(θ − 1) (1 + ψ)

(
ψ log (1− τ) + log

(
1

η

θ

(θ − 1)(1+ψ)

))

− (1− τ)
vϕ
2

+
(1− τ)

(1 + ψ) θ
− 1− τ

1 + σ

− (1− τ)

(
βδ

γ − βδ

vω
2

)
+ χ logG.
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Therefore, we can express expected utility, conditional onthe state(κ, ϕ, α), as

U (κ, ϕ, α; g, τ) = W(g, τ) + (1− τ)
vϕ
2

− (1− τ)

(1 + ψ) θ

+(1− τ)

(
βδ

γ − βδ

vω
2

− βδ

1− βδ

vω
2

)

+ (1− τ)

(
α− ϕ+

1

1 + ψ

η

θ
κ

)
.

Note thatU (κ, ϕ, α; g, τ) is strictly concave inτ , sinceW(g, τ) is concave inτ and the additional

terms inU (κ, ϕ, α; g, τ) are linear inτ . We need to determine the median voter. A useful property

is that the three individual states(κ, α, ϕ) enter as a linear combination. Let

x = α− ϕ+
1

1 + ψ

η

θ
κ.

The median voter is the agent with the median value forx. Sinceα andϕ are normally distributed

andκ is exponentially distributed, the random variablex follows an Exponentially Modified Gaus-

sian distribution.

B.14 Skill investment constraints

B.14i. Consumption for skilled and unskilled

We begin by calculating the consumption of skilled and unskilled workers. This is needed to

evaluate the probabilities that consumption of skilled andunskilled parents exceed the thresholdc.

These probabilities are in turn inputs to the transition ofξ, see equation (46). Consumption of a

skilled person is

log c = log λ (ξ) +
1− τ

1 + σ
log(1− τ) +

(1− τ) [1− 2τ − στ ]

(σ + τ)

vε
2
+ (1− τ) [log p(s) + α− ϕ]

= log λ (ξ) +
1− τ

1 + σ
log(1− τ) +

(1− τ) [1− 2τ − στ ]

(σ + τ)

vε
2
+ (1− τ) [α− ϕ+ π0 + π1s]

= C (τ, ξ) + (1− τ)
[
α− ϕ+

η

θ
κ+ π0

]
,

whereλ (ξ) is defined below and the constantC (τ, ξ) is defined as

C (τ, ξ) = log λ (ξ) +
1− τ

1 + σ
log (1− τ) +

(1− τ) [1− 2τ − στ ]

(σ + τ)

vε
2

Moreover, the random variableα− ϕ+ η
θ
κ is distributed according to an Exponentially Modified

Gaussian distribution with an exponential parameterθ and Gaussian parameters
(
−1

2
(vα + vϕ) , vα + vϕ

)
.
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The probability that the child of a skilled parent will become unskilled is therefore

Pr (c < c|skilled) = Pr

(
α− ϕ+ p (s) <

ln c− C (τ, ξ)

1− τ
− π0

)

= Pr

(
α− ϕ+

η

θ
κ <

ln c− C (τ, ξ)

1− τ
− π0

)
.

Consumption of an unskilled person is

ln c (α, ϕ, ξ) = log λ (ξ) +
1− τ

1 + σ
log (1− τ) +

(1− τ) [1− 2τ − στ ]

(σ + τ)

vε
2
+ (1− τ) [α− ϕ+ lnw]

= C (τ, ξ) + (1− τ) [α− ϕ + lnw]

The probability that the child of an unskilled parent will beunskilled is

Pr (c < c|unskilled,ξ) = Pr (C (τ, ξ) + (1− τ) [α− ϕ+ lnw] < ln c)

= Φ

(
1√

vα + vϕ

(
ln c− C (τ, ξ)

1− τ
− lnw +

vα + vϕ
2

))

whereΦ is a c.d.f. of a standard Normal distribution.

B.14ii. Calculating λ(ξ)

Recall that effective hours workedN is independent of the skill level. Aggregate output per effec-

tive hour worked is therefore

Y (ξ)

N
= ξ

YU
N

+ (1− ξ)
YS
N

= ξw + (1− ξ)
θ

θ − 1
· exp (π0) .

Define Ỹ as Ỹ =
∫
y1−τi di. Budget balance andG = gY then impliesλ = (1− g)Y/Ỹ . To

computeỸ , it is useful to aggregate by age group. LetỸ a denote average per capita disposable

income for agents of agea:

Ỹ a (ξ) =

∫
[y (s, ϕ, ε, α)]1−τ m (s) dsdF a

αdFϕdFε

= ξ

∫
[h (ε, ϕ) exp (αa + ε)w]1−τ dF a

αdFϕdFε

+ (1− ξ)

∫
[h (ε) exp (p (s) + αa + ε)]1−τ m (s) dsdF a

αdFϕdFε

=

(
ξ (w)1−τ + (1− ξ)

∫
[exp ((1− τ) (π0 + π1s))]

1−τ m (s) ds

)∫
[h (ε, ϕ) exp (αa + ε)]1−τ dF a

αdFϕdFε.
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Substituting in the hours allocation (20), the expression for the skill price (22), the density function

m (s) (B9), and integrating, we arrive at

ln Ỹ a (ξ) = L − τ (1− τ)
vaα
2

+ ln

[
ξ (w)1−τ + (1− ξ) exp ((1− τ) π0)

θ

θ − 1 + τ

]
,

where the constantL, common for all cohorts, is defined as

L =
1− τ

1 + σ
ln (1− τ)− τ(1− τ)

vϕ
2

+M,

whereM is defined in Proposition 1. Now sum across age groups to obtain

Ỹ (ξ) = (1− δ)

∞∑

a=0

δaỸ a = exp (L)×
[
ξ (w)1−τ + (1− ξ) exp ((1− τ) π0)

θ

θ − 1 + τ

]
×

(1− δ) exp
(
−τ(1 − τ)v

0
α

2

)

1− δ exp
(

−τ(1−τ)
2

vω

) .

Substituting (B12) and (B15) into (B14) and simplifying, wearrive at a solution for the equilibrium

value ofλ which, in logs, is

lnλ (ξ) = ln (1− g) + lnY − ln Ỹ

= ln (1− g) + ln

[
ξw + (1− ξ)

θ

θ − 1
· exp (π0)

]
+

ln (1− τ)

1 + σ
+
τ (1 + σ̂) + σ̂

σ̂2

vε
2

−
(
1− τ

1 + σ
ln (1− τ)− τ(1− τ)

vϕ
2

+
(1− τ) (1− τ (1 + σ̂))

σ̂

vε
2

)

− ln

[
ξ (w)1−τ + (1− ξ) exp ((1− τ) π0)

θ

θ − 1 + τ

]

− ln (1− δ) + τ(1− τ)
v0α
2

+ ln

(
1− δ exp

(−τ(1 − τ)

2
vω

))

It follows that the model with unskilled workers and investment constraints changesλ relative to

its equivalent in the benchmark economy analyzed in Sections III.–VI., i.e.,λBM , as follows,

lnλ (ξ) = lnλBM+ln

(
θ − 1

θ − 1 + τ

)
−τπ0+ln

(
ξw + (1− ξ) θ

θ−1
· exp (π0)

ξ (w)1−τ + (1− ξ) θ
θ−1+τ

exp ((1− τ) π0)

)
.

Note thatλ (0) = λBM .
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B.14iii. Social welfare in the presence of investment constraints

Consider now the expression for social welfare when the share of unskilled,ξt, is changing over

time. It is convenient to express social welfare by adding upcurrent utilities, appropriately dis-

counted, at each point in time;

W (g, τ ; {ξt}∞t=0) =
(1− γ) (γ − βδ)

γ(1− βδ)

[
∞∑

t=0

(
γt(βδ)0ū0,t + γt−1(βδ)1ū1,t + γt−2(βδ)2ū2,t + ...

)

−
∞∑

t=0

γt (1− ξt) ν̄ − (1− ξ0)

−1∑

j=−∞

γj(βδ)−j ν̄

]
,

where ūa,t denotes the expected current utility (excluding the education costs) of an individual

who isa years old in periodt. The last term captures the education costs of the individuals alive

at the time of the reform. Recall that education costs are fully reversible, so we can ignore the

investments these individuals made before the reform. Notethat the age component ofūa,t does

not depend onξt and is therefore time invariant. We can therefore express itas ūa,t = ūt + ūa,

whereūa = (1− βδ) (1− τ) jvω/2 (see the proof of Proposition 1). It follows thatW can be

expressed, after some algebra, as

W (g, τ ; {ξt}∞t=0) = (1− γ)
∞∑

t=0

γt
ūt

1− βδ
− (1− τ)

vω
2

βδ

γ − βδ

−
(
βδ

γ
(1− ξ0) +

γ − βδ

γ

∞∑

t=0

γt (1− ξt)

)
(1− γ)

(1− βδ)
ν̄.

We must now calculate expected period utility excluding education costs,̄ut. Recall that the current

utility – excluding the investment cost – for a skilled agentwith state(κ, a, α, ϕ, ε, ξ) is Recall that

the current utility – excluding the investment cost – for a skilled agent with state(κ, a, α, ϕ, ε, ξ) is

u(ca, h, G) = χ

(
ln g + ln

(
Y

N

)
+ lnN

)
+ log λ +

1− τ

1 + σ
log (1− τ)

− (1− τ)ϕ+ (1− τ)αa − exp

(
− 1 + σ

σ̂(1− τ)
M
)
exp

(
1 + σ

σ̂
ε

)
(1− τ)

(1 + σ)
+M

+ (1− τ) κ
η

θ
+ (1− τ) π0,

The utility for an unskilled person is the same, except that the last line is replaced by(1− τ) lnw.

Take the cross-sectional expectation overu(ca, h, G) w.r.t. ε, ϕ, andαa in equation (B23). The
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first two lines of the welfare then become

χ ln g + χ ln

(
ξw + (1− ξ)

θ

θ − 1
· exp (π0)

)
+ χ

(
1

1 + σ
ln (1− τ) +

τ (1 + σ̂) + σ̂

σ̂2

vε
2

)
+ log λ

+
1− τ

1 + σ
log (1− τ)− 1− τ

1 + σ
+M− (1− τ)

vϕ + vαa
2

Now take the expectation overκ in equation (B23), which implies that the third line yields

E
{
(1− τ) κ

η

θ
+ (1− τ) π0

}
= (1− τ) π0 +

1− τ

θ

Calculate now the cross-sectional utility cost of skilled investment:

E {−v (s (κ; τ))} = − ψ

1 + ψ

1

θ
(1− τ)

When adding up current utility across generations, the term− (1− τ)2 vαa/2 becomes, as in

Proposition 3,

−


(1− τ)

βδ

γ − βδ

vω
2

− log



1− δ exp

(
−τ(1−τ)

2
vω

)

1− δ






It follows that social welfare can be expressed as

W (g, τ ; {ξt}∞t=0) = (1− γ)

∞∑

t=0

γt
ūt

1− βδ
− (1− τ)

vω
2

βδ

γ − βδ

−
(
βδ

γ
(1− ξ0) +

γ − βδ

γ

∞∑

t=0

γt (1− ξt)

)
(1− γ)

(1− βδ)

ψ

1 + ψ

1− τ

θ
.

where

ūt
1− βδ

= ln (1− g) + χ ln g + (1 + χ)
τ

1 + σ
ln (1− τ)− 1− τ

1 + σ

+ (1 + χ)
τ (1 + σ̂) + σ̂

σ̂2

vε
2

− (1− τ)2
vϕ + v0α

2
− ln (1− δ) + ln

(
1− δ exp

(−τ(1 − τ)

2
vω

))

+ (1 + χ) ln

[
ξtw + (1− ξt)

θ

θ − 1
· exp (π0)

]

− ln

[
ξt (w)

1−τ + (1− ξt) exp ((1− τ) π0)
θ

θ − 1 + τ

]

+ (1− ξt) (1− τ)

(
π0 +

1

θ

)
+ ξt (1− τ) lnw,
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Note that, as in the benchmark case, the public good provision g does not interact with neitherτ

nor ξ, so it will not matter for the optimalτ . With γ = β the welfare expression simplifies to

W =
1− β

1− βδ

∞∑

t=0

βtū (ξt)− (1− τ)
δ

1− δ

vω
2

− ψ

1 + ψ

1− τ

θ

(1− β)

(1− βδ)

(
1− ξ0 + (1− δ)

∞∑

t=1

γt (1− ξt)

)

=
(1− β)

(1− βδ)

[
∞∑

t=0

βtū (ξt)−
(
1− ξ0 + (1− δ)

∞∑

t=1

γt (1− ξt)

)
ψ

1 + ψ

1− τ

θ

]

For each possibleτ , we solve numerically for the sequence{ξt}∞t=0 and the associated social wel-

fareW.
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APPENDIX C

This Appendix provides additional detail to Section VIII. in the main paper. We begin by

describing the construction of the data set, and next we present a sensitivity analysis for our re-

gressions.

C.1 Cross-country dataset construction

Tax progressivity. The Andrew Young School World Tax Indicator (WTI) database (Andrew

Young School of Policy Studies, 2010), contains measures ofpersonal income tax rates and tax

progressivity for 189 countries during the period 1981-2005 (for many countries data are miss-

ing in the first part of the sample). The enclosed documentation states that tax rates adjust for

allowances/deductions, tax credits, significant local taxes and other main rules of the tax code. For

each country-year pair(c, t), the dataset reports an index of marginal rate progression(MRP c
t ),

i.e. the slope coefficient from regressing marginal tax rates on the log of gross income. Recall that

in our model,MTR (y) = 1− λ (1− τ) y−τ , thus using the approximationlog (1−MTR (y)) ≃
−MTR (y) reveals that this slope coefficient approximately equalsτ .

The data also contain average and marginal tax rates aty, 2y, 3y, andy wherey is average per-

capita income. Thus, we can also estimate exactly the parameter τ in our tax function for country

c at timet as

(C1) τ ct (y) = 1− 1−MTRc
t (y)

1− ATRc
t (y)

,

and averaging over the four levels ofy available, we obtain an estimate ofτ ct . Since information

on marginal and average tax rates below average income is used to calculate theMRP c
t index,

but it is not available in the public data, and thus we cannot use it for this alternative strategy,

theMRP c
t index is a more comprehensive measure of progressivity and is the one we use in the

baseline regressions below. The correlation between the two measures is0.92 and significant at 1

pct level, and our results are robust to using the alternative estimate ofτ ct as we show below.

The crucial feature of these data is that estimates of progressivity are comparable across country

since they are computed with the exact same method and similar data sources.

Proxy for χ. The parameterχ directly determines the government expenditure share of output,

g = G/Y , equal toχ/ (1 + χ) in the model, so use this variable as a proxy forχ. Data on
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government consumption as a fraction of GDP come from the Penn World Tables version 8.1

(Feenstra, Inklaar, and Timmer, 2015). We use the share of government consumption at current

PPPs (variable namecshg). From the PWT, we also obtain country GDP and population, which

we use to construct our weights in the regressions.

Proxy for θ. From the model, we know thatθ is the Pareto-Lorenz coefficient of the income

distribution. The World Wealth and Income Database (Alvaredo et al, 2016) provides estimates of

this parameter for a number of countries.

Proxy for variances of earnings. In our model, the variance of labor income risk(vα, vε)

and of preference heterogeneityvϕ determine income inequality, over and above the role played

by θ. Measures of cross-sectional gross income inequality are therefore good proxies for the size

of these variances. The most comprehensive cross-country dataset on income inequality is the

Standardized World Income Inequality Database (SWIID) (Solt, 2016) which contains estimates of

Gini coefficients for equivalized household market income for 173 countries going back, for some

countries like the United States, all the way to 1960. The data are available at http://fsolt.org/swiid/.

Each country/year observation has 100 different estimatesfor the Gini that reflect the degree of

uncertainty in estimates and imputation procedures: from these we construct an average and use

the average as our estimate of Gini for that country/year pair.

The income distribution in our model is Pareto-LogNormal, i.e. it is a lognormal distribution

with a Pareto upper tail. Griffiths and Hajargasht (2013) provide a closed form expression for

the Gini coefficient of such distribution
(
GP−LN

)
as a function of only two parameters, the Pareto

coefficient (θ in the model) and the variance of the lognormal distribution(v̄ = vα+vϕ+
(
1+σ̂
σ̂

)2
vε

in the model):

GP−LN =
2 exp (θ (θ − 1) v̄)

2θ − 1
Φ

(
(1− 2θ)

√
v̄

2

)
+ 2Φ

(√
v̄

2

)
− 1

whereΦ is the cdf of the lognormal distribution. Thus, given our country-specific estimates for the

Gini and forθ, we can recover̄v.

In our main analysis, we start the sample in 1990 for two reasons: (i) in the earlier years many

countries have missing data, and (ii) we can include the countries in the Eastern block in all our

analysis. The last year of the sample is 2005. Once we merge all the information together, our final
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TABLE C1: Empirical determinants of progressivity across countries

(1) (2) (3) (4) (5) (6)
τ τ τ τ τ τ

G/Y -0.0978∗∗∗ -0.326∗∗∗ -0.0970∗∗∗ -0.443∗∗∗ 0.0703∗∗∗ -0.214∗∗

(-4.19) (-4.24) (-4.01) (-5.18) (3.39) (-2.83)

Income Gini 0.0861∗∗ 0.132∗∗∗ 0.0900∗∗∗

(3.30) (5.26) (3.68)

θ 0.285∗∗∗ 0.251∗∗∗ 0.0274
(8.62) (8.18) (0.80)

θ2 -0.0551∗∗∗ -0.0455∗∗∗ -0.00340
(-8.79) (-8.37) (-0.53)

ν̄ 0.0328∗∗ -0.0117 0.0195
(2.61) (-0.71) (1.45)

Regional Dummies N N Y Y Y Y
Development Dummies N N N N Y Y
N 1585 351 1585 351 1585 351
adj.R2 0.018 0.285 0.377 0.500 0.574 0.644

t statistics in parentheses:∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

dataset comprises of 1585 country-years observations in its largest configuration that includes data

on progressivity, inequality and government consumption share of output. The number of countries

grows from 65 in 1990 to over 103 in the latest years, and 135 countries are present for at least one

year. The median number of observations per country is 14. The dataset includes 351 country-year

observations in its smallest configuration that also includes data on Pareto coefficients, and thus

exogenous variances of incomev̄, i.e. 26 countries per year, most of which are present for all16

years.

C.2 Sensitivity

In Table C1 we report the counterpart of Table V where, instead of the marginal rate of progressiv-

ity, we use the measure ofτ in equation (C1) as our dependent variable. As clear from a comparison

of the two tables, results are very robust.

C.3 Theoretical counterparts to the empirical regression coefficients

We now describe how we compute the theoretical analogues of the regression coefficients reported

in Table V. We start with our baseline expression for social welfare, eq. 30. Recall that for
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each country-year in the data we observe government purchases as a share of output,gct , the

variance of the normal component of earnings,v̄ct , and the Pareto coefficient,θct . The theoreti-

cal expression for social welfare instead involves the structural parameters(χ, vα, vϕ, vε, θ) . We

use the optimality condition for government purchases,g = χ/(1 + χ) to translate the sensitiv-

ity of optimal progressivity with respect toχ to the implied sensitivity with respect togct . Since

we do not have country-specific empirical counterparts forvα, vϕ or vε we will assume that the

ratios of these variances tōvct are common across countries, and equal to the ratios impliedby

our calibration to the United States. Letδα, δϕ andδε denote these ratios, where, for example,

δα = vα/(vα + vϕ + ((1 + σ̂)2 /σ̂2)vε. Given(vα)
c
t = δav̄

c
t , (vϕ)

c
t = δϕv̄

c
t , (vε)

c
t = δεv̄

c
t , we can

compute the sensitivity of optimal progressivity with respect tov̄ct .

Differentiating eq. 30 with respect toτ gives the condition that implicitly defines optimal

progressivity, as a function of structural parameters:

F ((1− τ), χ, θ, v̄, σ, ψ) = 0

where

F ((1− τ), χ, θ, v̄, σ, ψ) =
−(1 + χ)

(1 + σ)(1− τ)
+

1

1 + σ
− (1 + χ)

ψ

(1 + ψ)(θ − 1)

1

(1− τ)
+

ψ

(1 + ψ)θ

+
1
θ

1−
(
1−τ
θ

) − 1

θ

+

(
(1− τ) (δα + δϕ)−

(1− (1− τ)) (σ + 1)2 (1 + χ)

((σ + 1)− (1− τ))3
δε

)
v̄

Using the implicit function theorem, we can compute the theoretical sensitivity of progressivity

τ with respect to the variance of the normally distributed component of earnings̄v :

dτ

dv̄
= −d(1− τ)

dv̄

=
(1− τ) (δα + δϕ)− τ (σ + 1)2 (1+χ)

(σ+τ)3
δε

(1+χ)
(1+σ)(1−τ)2

+ (1 + χ) ψ
(1+ψ)(θ−1)

1
(1−τ)2

+ 1
(θ−(1−τ))2

+
(
(δα + δϕ) +

(−2τ+σ)

(σ+τ)4
(1 + σ)2(1 + χ)δε

)
v̄
.

Evaluated at our calibration to the United States, and at thevalue forτ that is optimal given

that calibration(0.084), this derivative is equal to0.175.

Now consider the sensitivity of progressivity to government purchases. By the Chain Rule,

dτ

dg
=
dτ

dχ

dχ

dg
=
dτ

dχ

1

(1− g)2
.
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Using the implicit function theorem to computed(1−τ)
dχ

gives

dτ

dg
= −d(1− τ)

dχ

1

(1− g)2

=
1

(1− g)2

− 1
(1+σ)(1−τ)

− ψ
(1+ψ)(θ−1)

1
(1−τ)

− τ (σ+1)2

(σ+τ)3
vδε

1+χ
(1+σ)(1−τ)2

+ (1+χ)ψ
(1+ψ)(θ−1)

1
(1−τ)2

+ 1
(θ−(1−τ))2

+
(
(δα + δϕ) +

(−2τ+σ)

(σ+τ)4
(1 + σ)2(1 + χ)δε

)
v̄

Evaluating this expression at our baseline parameter values and atg = 0.189 andτ = 0.084,

we finddτ/dg = −0.690.
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APPENDIX D: A DDITIONAL M ATERIAL

D.1 CES skill aggregator in our model versus Benabou (2005)

Our paper studies optimal taxation within the class of log-linear tax functions in eq. (1) in the main

text, assuming a production technology with a constant elasticity of substitution between different

skill inputs. As discussed in the main text, Benabou (2002, 2005) studies optimal taxation within

the same class of tax functions and he too assumes a CES production function over various skill

inputs. However, as it turns out, the link between the optimal tax progressivity parameterτ and the

elasticity of substitution between output from different skill types, θ, is quite different in the two

models. In our model, the optimal progressivityτ is hump-shaped inθ: rising inθ for low levels of

θ and falling inθ for largeθ (see Figure 2 of the main text). In contrast, in Benabou (2002, 2005),

the optimal progressivity falls monotonically with the elasticity of substitutionθ. We now explain

why the link betweenθ andτ in Benabou (2002, 2005) is so different from the link in our paper.

Consider the formulation in Benabou (2005). Section3.2 of his paper develops an extension

of the baseline model to a case in which skills are aggregatedin a CES fashion to produce a final

good. Equation (30) in his paper describes this technology (in equilibrium, with constant labor

supply). Note that the distribution of agents across what helabels “skills”, g (i), is uniform by

assumption. Re-expressed in our notation, his technology is

Y

N
=

(∫ 1

0

[k(i) · g (i)]
σ−1
σ di

) σ
σ−1

,

whereg (i) = 1 andk(i) is human capital of individuali.

Contrast this to our baseline production technology (our eq.5), which is

Y =

(∫ ∞

0

[N(s) ·m(s)]
θ−1
θ ds

) θ
θ−1

wherem(s) is (in equilibrium) an exponential distribution. In our model skill is a choice and due

to the cost of choosing a higher skill, the equilibrium distribution of skillsm (s) has density falling

with s.

These two technologies may appear to be very similar, but theway the two models work is quite

different. In Benabou’s model, the distributiong(i) is exogenous and uniform, and progressivity
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effects the distribution ofk(i). Given a uniform distributiong(i), productivity is maximized when

human capital is evenly distributed, which calls for progressive taxation in his model. Moreover,

this force is larger the smaller isθ.

In our model, in contrast, effective hoursN(s) (our formal analogue to Benabou’s human cap-

ital) are, in equilibrium, equal across skill types. The wayin which the tax system impacts the

distribution of effective hours by different skill types isby affecting the shape of the distribution

m(s). Now the more progressive is the tax system, the more clustered towards zero is the distri-

butionm(s), since agents do less skill investment, and high skill typesare more scarce. Because

a uniform distribution form(s) maximizes productivity, progressivity is therefore productivity-

reducing, and this force is larger the smaller isθ.
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D.2 Comparison of actual and optimal tax systems
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FIGURE D2: Left panels: the US tax system compared to the utilitarian optimum with valued
government expenditures, and to the utilitarian optimum when government expenditures are not
valued(χ = 0). Right panels: Utilitarian optimum compared to the optimumfor a planner with

more inequality aversion that the utilitarian planner(ν = 2) and for an inequality-neutral planner
(ν = 0).
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D.3 Comparison between fixed and flexible skill investment models
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FIGURE D3: Optimal degree of progressivityτ ∗ as a function of the generational weightγ in the
fixed investment model and the baseline flexible investment model.
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