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Abstract

What shapes the optimal degree of progressivity of the taxti@msfer system? On the one hand,
a progressive tax system can counteract inequality iraimitonditions and substitute for imper-
fect private insurance against idiosyncratic earninds @n the other hand, progressivity reduces
incentives to work and to invest in skills, distortions tlat especially costly when the govern-
ment must finance public goods. We develop a tractable bquith model that features all of these
trade-offs. The analytical expressions we derive for dogedtare deliver a transparent understand-
ing of how preference, technology, and market structurarpaters influence the optimal degree
of progressivity. A calibration for the U.S. economy indesthat endogenous skill investment,
flexible labor supply, and the desire to finance governmerthases play quantitatively similar
roles in limiting optimal progressivity. In a version of theodel where poverty constrains skill in-
vestment, optimal progressivity is close to the U.S. value empirical analysis on cross-country
data offers support to the theory.
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|. INTRODUCTION

In determining how progressive to make the tax and trangfgem, governments face a difficult
trade-off. The classic argument in favor of progressivstyhat private risk sharing is incomplete.
Empirical estimates of the extent of pass-through fromdjfele earnings shocks into consumption
indicate limited private risk sharing (e.g., Cochrane 198ttanasio and Davis 1996). Perhaps
more importantly, there are no markets to hedge againslieiidowments that induce low future
earnings. A progressive tax system offers both social arsze against labor market uncertainty
(e.g., Eaton and Rosen 1980; Varian 1980) and redistributith respect to initial conditions.

At the same time, governments are hesitant to push progitgdsio far because of distortions
to labor supply and skill investment. A tax schedule withr@asing marginal rates reduces both the
returns to working more hours and the returns to acquirimgdrucapital (e.g., Heckman, Lochner,
and Taber 1998; Krueger and Ludwig 2013; Guvenen, Kurused,@zkan 2014). Moreover,
if the equilibrium skill premium responds to skill scargity more progressive tax system, by
depressing skill investment, may exacerbate inequalipyetax wages and undermine the original
redistributive intent (e.g., Feldstein 1973; Stiglitz 538

An additional factor that has an impact on desired progvégss the need to finance gov-
ernment purchases of goods and services. Individuals dimteohalize that the additional output
associated with working more hours or acquiring more sklltswvs the government to supply more
public goods. This free-riding problem increases the $@ost of a progressive tax system.

In this paper we develop an analytically tractable equililor model that features all of the
forces shaping the optimal degree of progressivity deedrdbove. The environment is an ex-
tension of the partial insurance framework developed inthtdie, Storesletten, and Violante
(2014a). The economy is populated by households who changertuch to work and who face
idiosyncratic labor market shocks. Some shocks are piywatsurable and do not transmit to
consumption, whereas others are uninsurable and induseiegotion volatility. Individuals differ
ex ante with respect to two characteristics: learning faind the disutility of work effort. Those
with higher learning ability invest more in skills prior totering the labor market, whereas more
diligent individuals work and earn more. An aggregate pobidi technology with imperfect sub-

stitutability across skill types determines the marginalduct and equilibrium price of each skill



type.

The government uses a nonlinear income tax and transfezmsytst provide social insurance
and to finance publicly provided goods and services. Nestage function of individual earnings
y are given by the functiof” (y) = y — Ay'~", where the parameterindexes the progressivity
of the system. The parametedetermines net tax revenue and thus the share of oytgperoted
to public goods. One contribution of our paper is to show that functional form offers a good
approximation of the actual tax and transfer system in thigedrStates.

We derive a closed-form expression for social welfare asatfon of - andg and the struc-
tural parameters of the model describing preferencesntday, and households’ access to private
consumption insurance. We then ask what degree of progitgssiwould be chosen by a benev-
olent planner. The planner’s desire to provide social iasce against privately uninsurable wage
shocks calls forr > 0 (i.e., marginal tax rates that rise with earnings). Sinylaneterogeneity
in innate learning ability and in diligence translates intmsumption dispersion that a utilitarian
planner would like to counteract via a progressive tax aadsier system. However, the planner
understands that more progressive taxes will lower labpplsuand skill investment. The skill
investment distortion depends on both the behavioral tnvest response to after-tax skill pre-
mia and the equilibrium response of pretax skill premia tanges in relative supplies of different
skill types. The presence of government purchases cotestituforce toward regressive taxation
(7 < 0): the planner internalizes that a less progressive systemueages labor supply and skill
investment, and makes it easier to finance expenditure.

After qualitatively inspecting these channels, we inggt their relative quantitative impacts
on the optimal degree of progressivity. The model delivéosed-form solutions for the cross-
sectional (co)variances of wages, hours, and consumpiferuse empirical counterparts to these
moments to estimate the structural model parameters. WUnotdraseline parameterization, a util-
itarian government chooses less progressivity than iotlyembedded in the U.S. tax/transfer
system. The optimal value faris 0.084, whereas the current estimated valu@.ist1. These val-
ues for progressivity translate into average (income-tteid) marginal tax rates @ft% and34%,
respectively. Switching to the optimalyields welfare gains of half a percent of lifetime consump-
tion. Endogenous labor supply, endogenous skill investpagrd the need to finance government

purchases play quantitatively similar roles in limitingtiopal progressivity. In the absence of any



one of these three channels, the optima& substantially higher.

One way to rationalize the empirical degree of progressisito posit a planner who is averse
to inequality in lifetime utility from consumption. Such dapner would choose the current U.S.
7 given relative risk aversion over lifetime utility consutigm equivalents slightly below 2 (this
risk aversion coefficient is 1 under our baseline utilitarddojective). We also explore casting the
choice for progressivity in a political-economic framewoHere we show that the model features
a well-defined median voter and that this voter would choagelily higher progressivity than a
utilitarian planner:r = 0.144 versud).084.

We consider two extensions of the baseline model in whichntredluce frictions to skill in-
vestment. In the first, we prevent existing cohorts from siiijig their skill choice following a
tax reform, which effectively allows the planner to expriape past investment. In the second, we
introduce a “poverty trap” constraint that prevents poarseholds from acquiring skills. Progres-
sive taxation can now expand human capital investment oexessive margin while still reducing
investment for those unconstrained. In both of these vessod the model, optimal progressivity
is similar to that observed in the United States.

Our paper contributes to the Ramsey-style literature thagstigates the determinants of opti-
mal progressivity in heterogeneous-agents incompletdetmeconomies. A closely related study
is Bénabou (2002), with whom we share the tax/transfertfanc Also common to both models
is the absence of trade in noncontingent bonds (a result#mabe derived as an equilibrium out-
come in our setting), which helps deliver analytical tradity. Key elements that differentiate our
framework are our multiskill production technology, thetp insurance structure, heterogeneity
in the taste for work, and the presence of public goods.

Other influential studies in the literature are Conesa anc#er (2006) and Krueger and Lud-
wig (2013). Our environment is richer than those papersgatmme dimensions (preference het-
erogeneity, public goods, policy effects on skill pricesflanore stylized in others (notably, the
fact that wealth is in zero net supply). The advantage of améwork is that it is tractable, so the
mechanics of how progressivity affects allocations andavelare transparent.

Our normative analysis, in the spirit of Ramsey (1927),riefst the search for optimal pro-
gressivity within a given parametric class of tax/transigiemes. In contrast, the Mirrlees (1971)

approach to optimal taxation imposes no constraints ondima of the tax schedule and focuses



on the informational frictions that prevent the planneniromplementing the first best allocation.
Solving for constrained-efficient allocations is quitefidiflt outside simple static environments.
Researchers have only recently incorporated persisteot faoductivity shocks (Farhi and Wern-
ing 2013; Golosov, Troshkin, and Tsyvinski 2016; Gorry anbde@ield 2012), human capital

accumulation (Stantcheva 2015), and imperfect subdbilittaacross worker types (Rothschild

and Scheuer 2013). Our model embeds all of these ingrediehtemains tractable, at the cost
of exogenously restricting the class of tax schedules abiglto the planner. However, we will

argue that our parametric specification is sufficiently fixithat the welfare gains from moving
to a constrained-efficient Mirrleesian tax schedule arelyiko be small.

Even though ours is primarily a normative exercise, in tis¢ $&ction of the paper we inves-
tigate the positive content of the theory by exploring wieetih can help to account for observed
cross-country variation in tax progressivity. Consistgith the theory’s prescriptions for optimal
policy, we find that tax progressivity falls with governmgnirchases of goods and services, and

rises with appropriate measures of income inequality.

[I. TAX FUNCTION

Let7'(y) be net tax revenues at income leyelWe study the optimal degree of progressivity within

the class of tax and transfer policies defined by the function

D T =y—M'"".

This specification has a long tradition in public financeststg from Feldstein (1969). More
recently, Persson (1983) and Bénabou (2000, 2002) intemtithis class of policies into dynamic
macroeconomic models with heterogeneous agents.

The parameter determines the degree of progressivity of the tax systemsating key object
of interest in our analysis. There are two ways to see wig/a natural index of progressivity.
First, equation (1) implies the following mapping betweéspdsable (postgovernment) earnings

7; and pregovernment earnings:

@) 5=



Thus, (1 — 7) measures the elasticity of posttax to pretax incénSacond, a tax scheme is com-
monly labeled progressive (regressive) if the ratio of nmaijo average tax rates is larger (smaller)
than 1 for every level of incomg. Within our class, we have

1 =T (y;
—(y ) =1-r
L=T(y:) /yi

Whenr > 0, marginal rates always exceed average rates, and the taxsigstherefore progres-

®3)

sive. Conversely, the tax system is regressive when(. The caser = 0 implies that marginal
and average tax rates are equal: the system is a flat tax weth ra\.

Givenr, the second parametey, shifts the tax function and determines the average level of
taxation in the economy. At the break-even income leye= AT > 0, the average tax rate is
zero and the marginal tax rateis If the system is progressive (regressive), then at evegnie
level below (above), the average tax rate is negative and households obtainteansfer from
the government. Thus, this function is best seentax and transfeschedule, a property that has
implications for the empirical measurementrof

Let ¢ denote the fraction of output devoted to public consumptAssuming a balanced bud-

get, sothayY = [ T (y;) di, the average income-weighted marginal tax rate is simply

@ [rw(E)d-1-0-na-g.

From equation (4) it is immediate that the average incomigwted marginal tax rate is increasing
in both progressivity- and government’s share of outpptWheng = 0, the average income-
weighted marginal tax rate is exactty

Empirical fit: We now demonstrate that this functional form offers a rerablk good repre-
sentation of the actual tax and transfer system in the Uidtatks.

Because the U.S. tax system allows for numerous deductimhgx@emptions from gross in-
come, it is important to distinguish between statutory affieicéve tax rates. The appropriate
empirical counterpart to model progressivitys the degree of progressivity efatutoryrates. In

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

IMusgrave (1959) refers to — 7 as the coefficient of residual income progression. As dsetisn Bénabou
(2000), it has been proven that the posttax income distobuhduced by one fiscal scheme Lorenz-dominates (i.e.,
displays less inequality than) the one induced by an alteeacheme if and only if the first scheme’s progression
coefficient(1 — 7) is smaller everywhere. See, for example, Kakwani (1977).



and skill investment choices, and (ii) if we use taxable med(i.e., gross income net of deduc-
tions) as our empirical measure of incomehen equation (2) can be used to deliver an estimate
for T that captures precisely the progressivity of statutoryrédes.

For our empirical exercise, we use data from the Panel Sttithcome Dynamics (PSID) for
survey years 2000, 2002, 2004, and 2006, in combination theghNBER’s TAXSIM program
(Feenberg and Coutts 1993).

Pregovernment gross household income includes labomegrself-employment income, pri-
vate transfers (alimony, child support, help from relagiviscellaneous transfers, private retire-
ment income, annuities, and other retirement income), iplesme from interest, dividends, and
rents. Taxable income is gross income minus deductionsedr household in the data, we com-
pute the four main deductible expenses in the U.S. tax coddiaal expenses, mortgage interest,
state taxes paid, and charitable contributions. The firgticategories are available from PSID
data, while we use an imputation procedure to estimate teldi contributions at the household
level (see Online Appendix A for details). Given tax-dedhbiet expenses, TAXSIM calculates
whether each household would be better off itemizing omigthe standard deduction. To ob-
tain our final measure of pregovernment taxable income, welaelemployer share (50%) of the
Federal Insurance Contribution Act (FICA) tax—the sum o€i&bSecurity and Medicare taxes,
computed directly by TAXSIM.

Postgovernment incomg equals pregovernment income minus taxes plus transfergsesTa
include federal and state income taxes as well as the to@A Eax (both employer and em-
ployee shares), all of which we obtain from TAXSIM. Transfénclude public cash transfers
(AFDC/TANF, SSI and other welfare receipts, unemploymesmdiits, workers’ compensation,
and veterans’ pensions). These transfers are measuretlydfrem the PSID. Since we subtract
Social Security taxes from household income in each yegrdhe paid, we make an imputation
for the corresponding marginal Social Security benefitegmiby working that year and include

those benefits in measured transfers for that year (seeé€ppendix A for details). We do not

2The sample selection criteria follow closely those appligdHeathcote, Perri, and Violante (2010). In particular,
we restrict attention to households aged 25-60 where dtdeasadult in the household earns more than the equivalent
of part-time work at the minimum wage, in order to focus onahtive population. The choice of the period 2000-2006
is motivated by the desire to use recent data while acknayingdhat government transfers to U.S. households were
abnormally large during the Great Recession.

3Whenever reported earnings in the PSID include some businesme, we reduce this imputation by the portion
of income coming from self-employment.



Tax Rates

Log of Disposable Income

’

o1l - = =-Marginal Tax Rate | |
' — Average Tax Rate
'

; ; ; ; ; h ; ; ; ; . L
9 10 11 12 13 0 05 1 15 2 25 3 35 4 45 5
Log of Pre-government Income Pre-government Income x10°

(a) Statistical fit on U.S. data (b) Implied average and marginal tax rates

FIGURE I: Representation of the actual U.S. tax/transfer systeoutih our tax/transfer function.
The estimated value for progressivityrig® = 0.181. Source: PSID 2000-06 and TAXSIM.

make any imputation for Medicare benefits because suchesnénts are only conditional on age,
not on years of work.

We estimate-V by ordinary least squares using equation (2) in log form. gtiat estimate is
U5 = 0.181 (S.E. = 0.002). This simple model fits the empirical relationship betwges and
postgovernment income distributions remarkably well|diieg an 22 of 0.91. In Figure I(a) we
collapse oui2, 875 observations into percentilégrigure I(b) plots the average and marginal tax
rates implied by our tax/transfer scheme evaluated’a® The implied income-weighted average
marginal tax rate i9.34. For the same period, Barro and Redlick (2011) report a tidiigher
income-weighted average marginal tax rate—arakird.

In Figure I(a), the dots corresponding to the lowest peil@nof the income distribution
(roughly below $10,000) lie above the line predicted by tteelsl, suggesting that our tax/transfer
scheme tends to underestimate marginal tax rates at loun@devels. Kosar and Moffitt (2016)
estimate marginal tax rates faced by low-income familig@pating in various welfare programs
and find that they generally face low or negative margin@satHowever, marginal rates vary sub-

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

4The coordinates of each circle in the figure are the mean oftacplar percentile of the pregovernment income
distribution & axis) and the mean of postgovernment income within the Huonlds in that same percentilg §xis).

SGuner, Kaygusuz, and Ventura (2014) estimate this saméifuman a large cross-sectional dataset from the U.S.
Internal Revenue Service (the “IRS Public Use Tax File”) eY¥lestimate smaller values for progressivity, reflecting
the fact that IRS data do not include government transfens. Sme caveat applies to the estimate in Chen and Guo
(2013).



programs face high marginal tax rates where benefits areeglmag. While our parametric func-
tional form cannot capture this variation in tax rates at loaome levels, we note that families
with less than $10,000 of taxable income represent lesstfgémof all taxpayers aged 25-60 in
the United States, and less than 2% of our sample of householiye in the labor market.

Robustness:The PSID data have three potential limitations for the psgsf estimating pro-
gressivity: (i) the PSID undersamples the very rich, (iij)P&xes are imputed through TAXSIM,
and (iii) the PSID covers only a subset of in-kind benefitse Tongressional Budget Office (CBO)
publishes tables reporting household income, federabtpael, and federal transfers received for
various quantiles of the entire distribution of before-tagome, including all the top earnéfs.
The CBO measure of transfers is more comprehensive thamthae construct from the PSID.
It includes the value of Food Stamps, school lunches, hguasid energy assistance, and bene-
fits provided by Medicare and Medicaid. Moreover, the CB® atsludes employer-paid health
insurance premiums in its measure of pregovernment income.

From the CBO tables we construct pre- and postgovernmeatriador the first, second, third,
and fourth quintiles of the pregovernment income distidgntand for the 81st-90th, the 91st-95th,
and the 96th-99th percentiles, and the top 1%. We use thesenis to estimate the progressivity
parameterV* for the 2000-2006 period and obtaifi® = 0.200 , which is slightly higher than
our PSID estimate for the same ye&rSince we use the PSID to estimate other model parameters
in Section VI., we will use the PSID-based estimaté* (= 0.181) in our baseline analysis.

Discussion: One way to think about our exercise is as follows. Given threnfof the tax
system that is currently in place, we ask how much more orgesgressive taxes should be, and
what would be the associated welfare gains? Although thetimmal form in equation (1) offers a
good positive account of the U.S. tax system, it is potegtigstrictive from a purely normative

perspective. Two key restrictions are implicitin(y;). First, it is either globally convex in income,

5The CBO analysis draws its information on income from twarany sources. The core data come from the
Statistics of Income (SOIl), a nationally representative@e of individual income tax returns collected by the IRS.
The CBO supplements that information with data on trandfers the Annual Social and Economic Supplement to
the Census Bureau’s Current Population Survey (CPS).

"There are two limitations of the CBO data from the perspeativmeasuring the overall progressivity of the U.S.
tax and transfer system. First, the CBO data exclude statddaxes and transfers. Second, the reported statiséics a
aggregates across a cross section of households of allagkshe CBO does not attempt to measure the extent to
which Social Security transfers received when old are tieSidcial Security taxes paid when young, as we do.

8We make one adjustment to the CBO measure of postgovernnoamhe to better align it with our own measure,
which is that we exclude the value of Medicare transfers.



if 7 > 0, or globally concave, if- < 0. As a result, marginal tax rates are monotonic in income.
Second, it does not allow for lump-sum cash transfers, sit{og = 0.°

Heathcote and Tsujiyama (2016) consider the welfare gdimowging from tax systems of the
type described by equation (1) to the fully optimal nonpagtriia Mirrlees tax schedule. Their
environment is a stripped-down version of the model devetddgere. They find that the size of the
welfare gains of moving from the tax system described abadtle w= 7Y° to the constrained-
efficient Mirrlees system ia sensitive to the taste for reittistion embedded in the planner’s social
welfare function. However, for a wide range of alternativ@fare functions, the best policy in the
class described by equation (1) delivers the vast majofithe@maximum potential welfare gains
from tax reform!® Thus, the restrictions implicit in the system describedDyafe not particularly

important from a normative standpoint.

[Il. ECONOMIC ENVIRONMENT

We describe the economy in steady state and omit time splscri

Demographics: We adopt the Yaari “perpetual youth” structure. At every agean agent
survives to the next period with constant probability< 1. Each period a cohort of newborn
agents of sizé — ¢ enters the economy. There are no intergenerational ke index agents
byi e [0, 1].

Life cycle: The life of every individual starts with an initial investment in skills. After
choosing skill levek; at agea = 0, the individual enters the labor market and starts facingoan
fluctuations in labor productivity,. Every period she chooses market hours of wark> 0 and
consumption of a private goad.

Technology: OutputY” is a constant elasticity of substitution aggregate of éffedours sup-

plied by the continuum of skill types € [0, c0),

5) Yz(/omw<s>~m<s>ﬁﬂs)%,

%0Our model can in principle capture (as part of the public g6dtimp-sum transfers in the form of in-kind goods
or services, as long as these are imperfectly substituteitieprivate consumption (e.g., public education and Healt
care).

10Assuming a utilitarian objective, for example, the besigyoin this class deliver84% of the maximum potential
welfare gains from tax reform. See Heathcote and Tsujiya@t@a®) for details.

private bequests could provide a form of insurance agaibadadraw of initial conditions, which might reduce
optimal progressivity. For a model along these lines, sées3&aymak, and Poschke (2015).
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wheref > 1 is the elasticity of substitution across skill typ@§,s) denotes average effective hours
worked by individuals of skill type, andm(s) is the density of individuals with skill type. Note
that all skill levels enter symmetrically in the productitechnology, and thus any equilibrium
differences in skill prices will reflect relative scarcitftbe corresponding skill types.

Output is used for private consumption and public consuongdi. The rate of transformation

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

1
(6) Y:/ ¢; di + G.
0

Preferences: Preferences over private consumption, hours worked, gylprovided goods,

and skill investment effort for individualare given by

o0

(7) U= —vi(s:i) + (1= B)Eo Y _(B6)"ui(Cia, hia, G),

a=0

where < 1 is the pure discount factor, common to all individuals, amel éxpectation is taken
over future histories of idiosyncratic productivity shackvhose process is described below. The
disutility of the initial skill investment; > 0 takes the form
(8) wvi(si) = % (Sz‘)Hl/w,
where the parameter > 0 determines the elasticity of skill investment with respedhe return
to skill, andx; > 0 is an individual-specific parameter that determines tHeyutiost of acquiring
skills. The larger is:;, the smaller is the cost, so one can thinkspfs indexing innate learning
ability. We assume that; ~ Ezp(n), an exponential distribution with parameter As we
demonstrate below, exponentially distributed abilitylggePareto right tails in the equilibrium
wage and earnings distributions.

The period utility functionu; is specified as

exp [(14 o) @i
14+0

9)  w; (Cias hia, G) = 1og ¢ig — (hm)HU + xlog G,

whereexp [(1 + o) ¢;] measures the disutility of work effort. The individual-sjjie parameter

¢; is normally distributed:p; ~ N (%,v,), wherev,, denotes the cross-sectional variafite.

12In Online Appendix D.1, we compare our constant elasticityubstitution skill aggregator with the one assumed
by Bénabou (2005) and discuss the implications of thesegradtive specifications for the relation between optimal
progressivity and the elasticity of substitution paraméte

Bintroducing additional weighting parameters (common sgrall households) on the utility terms defining the
costs of skill investment and labor supply would have no ichpa the shape of the welfare-maximizing policy.

10



We assume that; and,; are uncorrelated. The parameter- 0 determines aversion to hours

fluctuations. It is useful to define thax-modified~risch elasticity:

1—71
o+T1

(10)

1
o

Below we show that—! measures the elasticity of hours worked to a transitorylstmthe pretax
wage. Finally,y > 0 measures the taste for the public ga@delative to private consumption.
Labor productivity and earnings: Log individual labor efficiency;, is the sum of two or-

thogonal components;, ande;, :
(11) logzia = Qg + €ia-

The first componenty;, follows the unit root process;, = «;,—1 + wj, With i.i.d. innovation

Wig ~ N (—%“,vw) . and with initial conditiona;y, = 0.1* The second component is an i.i.d.

shock,g;, ~ N (—%f,vs). This permanent-transitory error-component model foivicldial labor

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

A standard law of large numbers ensures that idiosyncraticks induce no aggregate uncertainty.
Individual earninggy;, are, therefore, the product of three components:

(12) yia = p(si) X exp(iq + €iq) X \h%

—~—

skill price labor market shocks ~ hours

The first component (s;) is the equilibrium price for the type of labor supplied by adividual
with skills s;, the second component is individual stochastic labor efiicy, and the third compo-
nent is the number of hours worked by the individual. Thudjvidual earnings are determined
by (i) skills accumulated before labor market entry, in tegflecting innate learning ability;; (i)
fortune in labor market outcomes determined by the reabaatf idiosyncratic efficiency shocks;
and (iif) work effort, reflecting, in part, innate taste feidure, measured hy;.

Because idiosyncratic productivity shocks are exogertheswo channels via which taxation
will have an impact on the equilibrium pretax earnings dsttion are by changing skill investment
choices, and thus skill prices, and by changing labor suggtysions.

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

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

Thus, all earnings inequality among newborn agents reflesttrogeneous skill levels.

11



indexed by thes shock —and thus the shocks are fully insurable—whereas theshocks, by
assumption, cannot be insured through markets or smootihestorage® Let B (E) andQ (E)
denote the quantity and the price, respectively, of instearaims purchased that pay one unit of
consumption if and only it € E C R. Insurance claims are in zero net supply, and newborn
agents start with zero initial holdings of such claith©ur model spans the entire range between
autarky(v. = 0) and full insurancéuv,, = 0). In general, when both, > 0 andv. > 0, oursis a
partial insuranceeconomy, in the language of Blundell, Pistaferri, and re¢2008)*’

Markets: The final consumption good, all types of labor services, amanitial claims are
traded in competitive markets. The publicly provided gabdannot be purchased privately. The
final good is the numéraire of the economy.

Government: The government runs the tax/transfer scheme describecttioSél. and funds
expenditureGG on public consumption. Lej denote government consumption as a fraction of
aggregate output (i.eGG = gY). Since we abstract from public debt, the government budget

constraint holds period by period and reads as

1 1
(13) g/ y; di :/ (yZ — )\yl-l_T) di.
0 0

The government chooses the p@irr), with A being determined residually by equation (13).

[IILA. Agent’'s Problem

At agea = 0, the agent chooses a skill level, given her idiosyncratandfx;, ;). Combining

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

) P ()7 = (1= oy Yo 2 ),
a=0

88 i 88

15The environment in Heathcote, Storesletten, and ViolaR@4i4a) is more general because it also includes a
noncontingent bond market. In a previous version of thisepgpleathcote, Storesletten, and Violante 2014b), we
prove that, even if households were allowed to trade thigtiaddl asset, they would choose not to do so in our model.
Thus,a shocks would remain uninsured in equilibrium, and equiilibr allocations for consumption, hours worked,
and skill choices would be identical to the allocation wedgthere.

%The complete markets assumption with respectitoplies that it is straightforward to introduce a richettistical
process for the shocks. For example, in Heathcote, Storesletten, andni®@2014a), we add a unit root component
to the insurable component of wages. As we show below, alrtfaters for the analysis of optimal taxation is the
cross-sectionavariance of insurable wage risk, which can be estimatedpedéently of thdime-serieprocess for
e. Therefore, to simplify the exposition, in this paper we ntain the assumption thatis an i.i.d. shock.

17Tax progressivity provides public risk sharing and redubequilibrium demand for private insurance. However,
since the market structure is exogenous, tax progressivity not affect theupplyof private insurance. In contrast,
public insurance can crowd out private risk sharing in meaéth moral hazard or limited enforcement.
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Thus, the marginal disutility of skill investment for an iwidlual with learning abilityx; must
equal the discounted present value of the correspondirfgeh&xpected lifetime wages.

The timing of the agent’s problem during her subsequent ingrkfe is as follows. At the
beginning of every period, the innovationw;, to the random walk shock;, is realized. Then,
the insurance markets against thehocks open and the individual buys insurance claihs).
Finally, ¢;, is realized and the individual chooses holugs receives wage payments, and chooses
consumption expenditures,. Thus, the individual budget constraint in the middle of piegiod,

when the insurance purchases are made, is

1) [ Q@ BEE=0,

and the budget constraint at the end of the period, aftercthlezation ofz,,, is
(16) i = A [p (55) exp (i + €ia) hia] " + B (€ia) -

Given an initial skill choice, the problem for an agent is linose sequences of consumption
and hours worked in order to maximize (7) subject to sequeatbudget constraints of the form
(15)-(16), taking as given the wage process described iatemu(11). In addition, agents face

non-negativity constraints on consumption and hours warke

llI.LA.i. A Special Case: The Representative Agent Problem

It is useful to solve for a special case of the agent’s probléfthenv, = v, = v. = 0 and
0 = oo, there is no dispersion in the taste for leisure or in labodpctivity. Since skill levels are
perfect substitutes in production, there is no skill inuestt either, so the economy collapses to a

representative agent model. The representative ageontidgon is static:

14+o
@an rgagc {logC “11o +XlogG}
s.t.
C=\H"".

Taking the fiscal variables\, g, 7) as given, the optimal choices for the representative agent a

1
(18) log H® (1) = 1+alog(1—7),

1
(19) logC* (g,7) = logA(g,7)+ =

.
log(1 — 7).
- og(l—1)
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The production technology simplifies 10 = H, implying G = gH. Solving for\(g, 7) from the

government budget constraidt,= H — AH'~", and substituting into (19) gives

log C" (g, 7) =log(1 — g) +

log(1 — 7).
l1+o og( T)

These expressions show that a more progressive tax systegh@ value forr) reduces labor
supply and, therefore, equilibrium consumption. The reasdhat higher progressivity raises the
marginal tax rate faced by the representative agentr As 1, H4 (r) — 0. Note that, with
logarithmic utility, the tax level parameterhas no impact on labor supply, which explains why

hours worked (and output) are independent of the governomgrsumption to output ratig.

V. EQUILIBRIUM

We now adopt a recursive formulation to define a stationamypetitive equilibrium for our econ-
omy. The individual state vector for the skill accumulatatecision at age = 0 is just the fixed
individual effects(x, ¢). At subsequent ages, the state vector for the beginnirijesperiod de-
cision when insurance claims are purchase@ssy, s). The state vector for the end-of-period
consumption and labor supply decisions(is, o, ¢, s, B), where B = B(e; ¢, a, s) are state-
contingent insurance payoufs Because of the perpetual youth structure, age is not a sdate v
able.

Given (g, 7), a stationary recursive competitive equilibriufar our economy is a tax level
A, asset prices) (-), skill pricesp (s), decision ruless (k, ), c(p,a,e,s), h(p,a,¢e,s), and

B (-;¢,a, s), and aggregate quantitids(s) such that:

1. Households solve the problem described in Section [laAds (k, ), ¢ (v, o, &, 8), h (p, a, €, 5),

andB (; ¢, a, s) are the associated decision rules.

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

an additional unit of effective hours of skill type p(s) = (Y/[N(s) - m(s)])w.

3. Asset markets clear, and the pri¢g§-) of insurance claims are actuarially fair.

4. The government budget is balancedsatisfies equation (13).

18Since in equilibriumB is a function of(y, o, ¢, s), in what follows we omitB from the state vector.
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Propositions 1 and 2 describe the equilibrium allocatians$ skill prices in closed form. The
payoff from tractability will be especially evident in Pragition 4, where we derive an analytical
solution for social welfare. In what follows, we make exjlithe dependence of equilibrium

allocations and prices qf, 7) in preparation for our analysis of the optimal taxation peofn.

Proposition 1 [hours and consumption] The equilibrium hours-worked allocation is given by

1 1

. _ RA _ I .

where H 4 are hours for the “representative agent” in equation (18)dan

M (v;;7)=(1—-7)(1—-7(14707))/7-v./2. The consumption allocation is given by
(21) loge(p,a,s:9,7) =log [C™ (g, 7) I(7)] + (1 = 7) [logp (s;7) + a — ¢ + M (v:37),

whereC#4 is consumption of the “representative agent” in equatio®)(andJ(7) is common

across agents.

With logarithmic utility and zero wealth, the income and stotion effects on labor supply
from differences in uninsurable shocksand skill levelss exactly offset, and hours worked are
independent ofs, «). The hours allocation is composed of four terms. The firsoigré of the
representative agent, which, as explained above, fall pvitlgressivity. The second term captures
the fact that a higher idiosyncratic disutility of work lesadn agent to choose lower hours. The
third term shows that the response of hours worked to anab$eishock (which has no income
effect precisely because it is insurable) is mediated byakenodified Frisch elasticity/s. Pro-
gressivity lowers this elasticity. The fourth term capsutiee welfare-improving effect of insurable
wage variation. As shown in Heathcote, Storesletten, amdbkie (2008), larger dispersion of
insurable shocks allows agents to work more when they are productive and take more leisure
when they are less productive, thereby raising averageuptivity, average leisure, and welfare.
Progressivity weakens this channel because it dampen€£fitierd response of hours to insurable
wage shocks.

Consumption is additive in five separate components. Thieciiraponent is (rescaled) con-

sumption of the representative agent, described in Sebtiéni. 1* Consumption is increasing in

19The rescaling constam(7) reflects the fact that the equilibrium balanced-budgettionc\(g, 7) is different in
the heterogeneous agent and representative agent veo§itiesmodel.
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the skill level s (because skill prices are increasing in skills) and in thesurable component
of wagesa. Since hours worked are decreasing in the disutility of werlso are earnings and
consumption. The redistributive role of progressive taxats evident from the fact that a larger
7 shrinks the pass-through to consumption from heterogeirefixed effectss and and from
realizations of uninsurable wage shoeks The final component captures the fact that insurable
variation in productivity has a positive level effect on eage consumption in addition to average
leisure. Again, higher progressivity weakens this eff@#cause of the assumed separability be-
tween consumption and leisure in preferences, consumigtiodependent of the insurable shock

E.

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

(22) logp(s;T) = mo(r)+m (1) -s(k;7), where
@) m(r) = (F)7Ta-n)

24)  m(r) = %1 {ﬁ [¢ log (1%) ~log (n)} +log (%1) } |

The skill investment allocation is given by

(25) s(kym)=[1—71)m (T)]w'li: [g (1—T)]m ‘K

and the equilibrium skill density.(s) is exponential with parameteér;)#w 0/ (1 — r)]#w.

Note, first, that the log of the equilibrium skill price takas'Mincerian” form (i.e., it is an
affine function ofs). The constant(7) is the base log-price of the lowest skill lesl= 0), and
m1(7) is the pretax marginal return to skill.

From the skill investment rule (25), it is clear that the paetery defines the elasticity of skill
investment to the after-tax return to skillg, — 7)m; (7). Equation (25) also clarifies that higher
progressivityr reduces the after-tax return to investing in skills and dsgpes skill investment. In
the limitasT — 1, s — 0 at everyk: there is no incentive to boost wages by investing in skills i
all the excess returns will be taxed away.

Equation (23) indicates that higherincreases the equilibriupretaxmarginal returnr (7).

The logic is that increasing compresses the skill distribution toward zero and, as hkghtgpes
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become scarce, imperfect substitutability in productiawed up the pretax return to skill. Thus,
our model features &tiglitz effect(Stiglitz 1985). The larger ig), the more sensitive is skill
investment to a given increaseinand the larger is the increase in the pretax skill premium.
Note that the skill investment decision is independenp ¢and it would also be independent
of «y if there was heterogeneity in initial labor productivitythin skill types). The logic is that,
with log utility, the welfare gain from additional skill imstment is proportional to the log change

in wages the investment would induce, which is unaffectethbyevelof wages or hours.

Corollary 2.1 [distribution of skill prices]. The distribution of log skill premia; (7) - s(k; 7)

is exponential with parameté: Thus, the variance of log skill prices is

1
var (logp (s;7)) = 02

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

exp(mo(7)) and Pareto parametet.

Log skill premia are exponentially distributed becauseltweskill price is affine in skills
(equation 22) and skills retain the exponential shape oflitsteibution of learning ability: (equa-
tion 25). It is interesting that inequality in skill prices independent of. The reason is that
progressivity sets in motion two offsetting forces. On time dvand, as discussed earlier, higher
progressivity increases the equilibrium skill premium(7), which tends to raise inequality (the
Stiglitz effect on prices). On the other hand, higher pregrgty compresses the distribution of
skills (the quantity effect). These two forces exactly adrout under our baseline utility specifi-
cation.

Since the exponential of an exponentially distributed candariable is Pareto, the distribution
of skill prices in levels is Pareto with parameterThe other stochastic components of wages (and
hours worked) are lognormal. Because the Pareto compooemnédtes at the top, the equilib-
rium distributions of wages and earnings have Pareto rajlst & robust feature of their empirical
counterparts (see, e.g., Atkinson, Piketty, and Saez 20t.&)so follows that the distribution of
consumption has a Pareto tail, consistent with the empeiddence in Toda (2016). Finally, the
distributions of log wages and log earnings are expondytiabdified Gaussian (EMG) distribu-
tions given by the linear combinations of an exponentiatican variablep (s; 7) and a normal

random variabléa +¢). This is a useful result for our political-economic anadysi Section VI.F.
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We now briefly discuss how taxation affects aggregate gtiesin our model.

Corollary 2.2 [aggregate quantities]. Average hours worked/ (7) and average effective

hours N (7) are independent of skill type H(7), N(7), and outpufy’(7) are given by

26) H(r) = E[h(p,e7) = (1—7)%7 - exp [(M_l) %}

(27) N(r) = Elexp(a+e)h(p,e;7)] = H (7) - exp (%va) .
(28) Y (1) = Elp(s;7)expla+e)h(p,em)]=N(7)-Elp(s;7)],
whereE [p (s;7)] = exp (7o (1)) - 0/ (60 — 1).

Aggregate labor productivity is

Y _ YW NO _ oo (1
i) - N Hr) o sl p(@- )

Progressivity affects aggregate output through two chiantedbor supply and skill investment

choices. From equation (26), the elasticity of aggregdeet¥e hoursN (7) with respect tor at
T =0is -1/ (1 + o). The elasticity of output per effective hour (7)/N(7) = E [p (s; 7)]) with
respect tor, which reflects skill investment, is/ [(1 +v) (0 — 1)] (see equation (34) below).
We will return to these two elasticities in Section V.C. whararacterizing the conditions under

which the optimal tax system is progressive.

IV.A. Efficiency

Before turning to the characterization of the optimal degwé progressivity, we briefly discuss
the efficiency properties of the competitive equilibriurhelTequilibrium withr = 0 is generally
not efficient in our environment for two reasons. The firshiatithere are no private markets for
insuring thew shock. The second is that for a givenand corresponding), there is a free-
riding problem. If all agents worked more, the quantity o tralued public good provided would
increase, but from the perspective of an atomistic singenighe supply of the public good is
exogenous. Because the marginal social gain from work escé® marginal private gain, labor
supply is inefficiently low. The following proposition st that when the economy features com-
plete markets with respect to wage shotks = 0) and does not feature this free-riding problem

(x = 0), the equilibrium withr = 0 is efficient.
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Proposition 3 [efficiency withy = v, = 7 = 0]. If x = v, = 0, then the competitive equilibrium
allocation with7 = 0 is efficient This allocation is the solution to a planner’s problem witdréto

weights proportional texp (—¢ + 1/6 - ).

Because individuals with high learning abilikyor low disutility of work effort o enjoy rel-
atively high consumption in the competitive equilibriumtivi- = 0, these agents must receive
relatively large Pareto weights in the planner’s probleit thelivers the same allocation. Note
that the competitive equilibrium with = 0 cannot deliver the allocation that would be chosen
by a utilitarian social planner who weights all agents elyuéuch a planner would want to re-
distribute against income differentials because of hgtmeity inx andy, and would therefore

chooser > 0.

V. WELFARE EFFECTS OFTAX REFORM

We imagine the economy starting out in a steady state camnetipg to a policy paifg_;,7_;) and
consider permanent unanticipated policy changes atid@t@ new policy(g, 7). The presence of
skill investment in the model raises two related issues vdoeremplating tax reform. First, if past
investment decisions are irreversible, then the governméampted to tax returns to skill because
such taxation is not distortionary ex post. This result iglagous to the temptation to tax initial
physical capital in the growth model. Second, if the disttidn of skills adjusts slowly following
a change in the tax system, then even permanent policy chavitjgnduce transitional dynamics.
In our benchmark analysis, we sidestep both of these issuesaking the assumption that the
choice of skills is fully reversible at any point. This asqtman implies that transition following
a tax reform is instantaneous: given a choice for the new (gair), the economy immediately
converges to the steady-state distribution of skills assed with this policy.

In Section VI.C. we generalize our characterization of mali progressivity by making the
polar opposite assumption that skills are fully irrevelesilin this alternative version of the model,
there are transitional dynamics between the initial and §itemady states, and the motive to tax the

existing sunk stock of skills affects the optimal choice adgressivity.
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V.A. Social Welfare Function

The baseline utilitarian social welfare function we use\algate alternative policies puts equal
weight on all agents within a cohort. In our context, whererdg have different relative weights
on consumption versus work effort, we define equal weighitsdan that the planner cares equally
about the utility from consumption of all agents. Thus, tlatdbution to social welfare from
any given cohort is the within-cohort average value for rigning expected lifetime utility, where
equation (7) defines expected lifetime utility at age zern.Skction VI.E., we generalize the
objective function to consider cases in which the plannenase or less averse to cross-sectional
inequality.

The overlapping generations structure requires us to tatana on how the government weighs
cohorts that enter the economy at different dates. We asthanhthe planner discounts the lifetime

utility of future generations at rate Social welfare evaluated as of dates then given by

(29) W(g,mi7-1) = (1= > YUjo(g,7571),

j=—00
whereU; (g, 7; 7_1) is remaining expected lifetime utility (discounted bacldade of birth) as of
date0 for the cohort that entered the economy at gat&The constant = (v — 85)/[v(1 — 36)]
premultiplying the summation is a convenient normalizafo

The next proposition expresses social welfare as a funofitire two policy instrument§y, 7).

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

20Remaining lifetime utility depends on the lagged value fargressivityr_; because the difference between
andr will determine (the cost of) net new investment in skills é@horts who entered the economy prior to date

21Following Calvo and Obstfeld (1988), we assume that ther@adiscounts each individual’s welfare back to their
birth dates using the agent’s discount factorThis ensures that the planner’s objective function is timeststent.
Thus, the relative weight the planner places at a partiadse on the felicity of one agent whodsyears older than

another ig3/v)*.
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the social welfare function is given by equation (29), welfaom implementing policyy, 7) is

log(l—7)
(14o6)(1—7) 1406

1 0 0(1+%)
g >wog“‘”“"g<n7<ﬁ) )]

g [0 - PRS-y

(30) W(g,7;7-1) = log(1 —g)+ xlogg+ (1+x)

+(1+4x)

[<< N (5

+(1+x) ng — aa——} .

To obtain the expression in equation (30), we first solve lier value\ (g, 7) that balances the
government budget. Next, plugging the consumption, haamd, skill allocations into equation
(29), we can express social welfare as a function of primigxeference, technology, and policy

parameters.

Corollary 4.1 [independence from past choices[The optimal pair(g, 7) is independent of_; .

In equation (30);_; appears in an additively separable term that does not ievehy other
policy parameters. This result depends on the reversililerslestment assumption. Because the
welfare impact of alternative choices foy, 7) is independent of_;, we will henceforth denote

social welfare/V(g, 7) and omit the inconsequential terms involving .

Corollary 4.2 [concavity of social welfare]. Social welfaréV (g, 7) is globally concave iy and,

if o > 2,is also globally concave in.

As we show in Online Appendix B.7, aside from the term mujtipy v. in the last row of
equation (30), social welfare is globally concaverifior anysc > 0. The term involvingv. is
also globally concave im if ¢ > 2, a condition that is satisfied in the calibration. Estaliigh
concavity is useful since it means that a first-order apgraasufficient to compute the optimal

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

independent of;.

The two policy parametersandg do not appear jointly in any one of the additively separable
terms in (30). Thus, the welfare-maximizing choice famust be independent of the value fgr
irrespective of whether the choice fgis welfare maximizing. However, the welfare-maximizing

choice forr will depend on the parameteithat defines the taste for publicly provided goods.
Corollary 4.4 [Samuelson condition]. The welfare-maximizing value fgris given by

@D ¢ =

The optimal choice for public goods in the economy is obtaimgtaking the first-order condi-
tion of equation (30) with respect tp The optimal fraction of output to devote to public goods is
independent of how much inequality there is in the econontyiadependent of the progressivity
of the tax system. It depends only on households’ relatisetfor the public goog.

To understand this result, note that the choicegf@oes not appear in the equilibrium allo-
cations for hours worked or skill investment (egs. 20 and Z%lus, changing will not change
aggregate income or the distribution of income. It followattthe government’s only concern in
settingg is to optimally divide output between private and public &mmption. The optimal split
turns out to be exactly the one that equates the marginabfaebstitution between private and
public consumption to the marginal rate of transformatiebn®en the two goods in a represen-
tative agent version of the model (see Section V.B.i.). Wetbé the “Samuelson condition”

(Samuelson 1954).

Corollary 4.5 [irrelevance of n]. The welfare-maximizing value for progressivitis independent

of the learning ability distribution parameter.

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

tivity, this effect is independent of.??

Corollary 4.6 [y = [ case]. If the government discounts the lifetime utility of futuahorts at

rate v = (3, then social welfaréV (g, 7) is equal (up to an additive constant) to average period

22The logic behind this result is the same as that of Corollaty & general equilibrium, there are offsetting forces.
If skill prices were exogenousg( fixed),n andr would interact. See the equations for the skill price antl glantity
in Proposition 2.
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utility in the cross section

(32)

W(g,7) = (1=0) Y 6" lu(c(p, au (k5 7);9,7) b (p,£57) , G (9,7))] —E [v (s(k; ), )],

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

(¢, aa, s,€) and the second expectation with respect to the cross-settiistribution of (s, «).23

Note that this result hinges on skill investment being fudlyersible.

V.B. Decomposition of the Social Welfare Function

We now demonstrate that every term in (30) has an econonggpirgtation and captures one of
the forces determining the optimal degree of progressivBgcause these terms are additively
separable in the expression for social welfare, the distimles of various economic forces are

easy to differentiate and quantify. For this decomposjtwa focus on the special case= (.

V.B.i. Welfare of the Representative Agent

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

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

(33) W (g,7) =log(1 —g) +xlogg + (1+x) (1ligg(z ?T) T Jlr Fy

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

What does equation (33) imply for optimal policy? Differation of (33) with respect tg
yields the Samuelson condition (31). This value joequates the marginal rate of substitution
between private and public consumption for the represgatagent (equal toeg/ (1 — g)) to the
technological rate of transformation between the two ggedsal to 1).

Differentiation of (33) with respect toyieldst* = —x. Thus, a benevolent government in the
representative agent economy would choeggessivaaxes, with the extent of regressivity pro-
portional to the fraction of output devoted to the public do®o understand why, it is instructive

to consider what would go wrong if the government were togadtchoose proportional taxes, by

Z3\We index the uninsurable component of the log wad®y ageu to reflect the fact that the presence of permanent
shocks implies an age-varying distribution fer
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settingr = 0. In that case, each agent would not fully internalize thaadoeturn to working

harder on the margin: although the fractidn— \) of additional income paid to the government
through taxes benefits everyone in the form of higher pulditsamption, this gain is neglected
by each individual agent, who views himself as atomistic @késG as exogenous. A regressive
tax increases the private return to work, on the margin, Aeceby increases labor supply, as is
clear from the hours allocation (18). This tax scheme eguseial and private returns, a result

we restate in the following proposition.

Proposition 5 [RA model]. If v, = v, = v. = 0 andd = oo (i.e., in a representative agent

economy), thep* = x/(1 + x) and7* = —¢g* /(1 — ¢g*) = —x implement the first best.

Note that one could alternatively implement the first besh\wimp-sum taxes that do not dis-
tort labor supply and finance the desired amountofGivent = —g/(1 — g), the marginal tax
rate at the equilibrium level of incomd %4 (1) is exactly equal to zero (just as it would be with
lump-sum taxes). Moreover, given= x/(1 + x), the average tax rate is exactly sufficient to
finance the optimal level of public goods. Thus, the systeplicates a lump-sum tax. Further-
more, as we show in the proof of Proposition 5, this efficieresult extends to a broader class of
constant relative risk aversion utility functions of whigtr baseline logarithmic specification is a

special case.

V.B.ii. Welfare from Skill Investment

The second, third, and fourth lines in equation (30) areed#ited to the skill investment choice.
To begin with, from equations (22) and (28), the term thattipliés (1 + y) in the second line is

the log of aggregate productivity (output per efficiencytufilabor) in the economy:

Y(r)\ _ 1 16\
(34) log (N(T)) AT 00-1 [@blog(l —7) + log (W (m) )] )

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

formly dispersed are skills, the higher is aggregate prtdtic Higher productivity means higher
wages, consumption, and, hence, welfare. Equation (3#atesk that higher progressivity reduces
productivity and welfare because it reduces skill investnaad thereby compresses the skill dis-

tribution toward zero. In terms of its impact on welfare, gwotivity is multiplied by (1 + x)
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because higher productivity and output boost public conqion (valued in proportion tg) in
addition to private consumption.

Skill investment is not costless. The third line of (30) ig tvelfare contribution from skill
investment costs. The average cost for all past and futdrertowho readjust their skill level is

N
—mg(l 7),

(35) E[v(s(k;7), k)]
which is the first term on the third liné. Skill investment costs decreaserrbecause more pro-
gressivity reduces skill acquisition. Combining (34) aB8)( one can show that the productivity
gain from skill investment net of education costs is maxediatr = —1/ (6 — 1) < 0.

The government also cares about how the choicerfaffects consumption dispersion both
directly (via redistribution) and indirectly, via its impton equilibrium skill prices and quantities.

The welfare cost of consumption dispersion across skiks$yig

(36) welfare cost of skill price dispersica — log (1 — (1 ; 7)) — <1 ; T) ,

or the term in the fourth line of (30). This term differs frommet familiar Lucas expression for
the cost of consumption inequality because consumptigredsson induced by skill heterogeneity
follows a Pareto rather than a lognormal distribution. Tdast is decreasing in because higher

progressivity reduces dispersion in after-tax earningscamsumption.

We have learned that offsetting forces determine the optieval of progressivity with re-
spect to skill acquisition: more progressivity diministaggregate productivity but also decreases
consumption dispersion across skill types. Which force idabes?

Figure Il plots optimal tax progressivity;, against the elasticity of substitution between skills
in production g, for three different values for the elasticity of skill irstenent with respect to the
after-tax return to skillg). The first isy) = 0, which corresponds to completely inelastic skill
investment and an exogenous distribution of skills idertic the distribution for learning ability
 (see equation 25). The second= 0.65, is our baseline. The third, = 2, is a case in which
skill investment is highly sensitive to tax progressiviljhe plots are constructed assuming that

(i) learning ability x is the only source of heterogeneity in the model, (ii) thereero taste for

public goodg y = 0), and (iii) the labor supply elasticity parameter,is equal t@2. By virtue of

24f older cohorts already have some skills at the time of tixerédorm, they only need to pay net new investment
costs, which accounts for the separable term.inin the welfare expression. See Online Appendix B.6 for detai
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FIGURE II: Optimal 7 as a Function of in the Special Case, = v,, = v. = x = 0 ando = 2

Corollary 2.1, these three models deliver identical indiguan wages, hours, and consumption,
since the equilibrium distribution for skill prices is Payevith parameteé irrespective ofy.

The figure reveals that skill heterogeneity always dictagigsitive progressivity«* > 0), a
result we prove formally in Section V.C. As— oo, the economy converges to a representative
agent economy with no desire for public goods7$e—+ 0. When we compare the three lines, it is
clear thatr™ is decreasing iy, so more elastic skill investment implies lower progrei$giv

When skills are exogenous (= 0), 7* declines monotonically with. The logic is simply that
a larger value fof implies less inequality in wages and a smaller role for rteidhistive taxation. In
contrast, in the cases with > 0, the optimal degree of progressivity is nonmonotong iRor high
values for, reducingl implies a higher optimal value for, driven, as in the exogenous skills case,
by the utilitarian planner’s desire to reduce betweenkskihsumption dispersion. Now, however,
that the planner is also concerned about progressive texagducing skill investment and thereby
reducing aggregate productivity via the tegm[(1 + ¢)(6 — 1)] -log(1 —7) in (34). This concern
becomes quantitatively more important the lowef isnd the more complementary are different
skill types in production. Ag — 1, the consumption dispersion and progressivity forcestixac
balance out, and* — 0—a flat tax system. Thus, optimal progressivity is largestritermediate
values ford. The finding that the optimal value for is a hump-shaped function éfis quite
general: it also applies when labor supply is inelastic{ oo) and extends to the case in which

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

The existence of heterogeneity in the preference for lejghrough cross-sectional variationsn
translates into dispersion in hours worked, earnings, andumption. The fifth line of the social

welfare expression reflects this source of consumptioredsspn:

(37) welfare cost obar,, (logc) = (1 —7)° %".

This term is the familiar Lucas expression for the welfarst@d consumption dispersion when the
underlying shocks are lognormal: one-half of thelriven 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 consumptspediion, and their contribution
to social welfare shows up in the sixth line of equation (30):
85w, 1—dexp <#vw>

Yo
~—po2 % 1—o

(38) welf. cost ofvar, (logc) = [(1 —7)

When~ = 3, this expression is approximately equalio- 7)>%, which, symmetrically with the
cost of preference heterogeneity, is one-halfdkdriven variance of log consumption in the cross
section?® As can be seen from (37) and (38), a higher valuerfoeduces consumption dispersion
stemming from both preference heterogeneity and uninsurak. Since consumption inequality
lowers welfare, these two forces push the optim#&ward 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 eagiypretable. Note that

N(T) 1
(39) log (H(T)) = FU
(40) war. (logh) = %ve.

The first term is the log productivity gain from insurable wagpriation. As we explained
when discussing the equilibrium allocations, more insigrat|age dispersion improves welfare

because individual hours worked become more positivelyetated with individual productivity

25The approximation is extremely accurate for plausible petar values (see Online Appendix B.6).
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and aggregate output increases. Hours dispersion is, lowesstly in welfare terms because
of the convexity in the disutility of hours. This cost is capd by the last term in the welfare
expression, the cross-sectional variance of log hours duesurable shocks multiplied by,
which measures aversion to hours fluctuatihg.he sum of these two terms (the productivity
gain net of the disutility costs of hours fluctuations) is maixed atr = 0, the value at which
hours worked respond efficiently to insurable shocks. Thtesater insurable wage risk will push

7* toward zero, a flat tax.

V.C. When Should Taxes be Progressive?

By differentiating the expression for social welfare in atjan (30) with respect te, one can
obtain a necessary and sufficient parametric conditiorh®optimal tax system to be progressive.

Proposition 6 [condition for optimal progressivity]. 7* is strictly positive if and only if

(41)
L 1 v v
— + TV + Ve + Vg, > —+ —+
(1+1)0 (0 —1)¢ (&,—2 A+)0—-1) T+ T+9)0—1)
—— N—— lessa andy inequality ~ ~ — ~
lower investment cost less skill price inequality lower productivity due to less inv. lower G due to less hours and less inv.

The terms on the left-hand side of (41) are the marginal bsrfedm increasing progressivity
atT = 0, and the ones on the right-hand side are the correspondingjmabcosts’ The first
term on the left-hand side is the utility gain from lower skivestment costs, the second is the
gain from reducing consumption inequality across skiletypand the third is the gain from reduc-
ing consumption inequality due to differences in uninsiegivoductivity shocks and preference
heterogeneity. On the right-hand side, the first term is ts¢ of lower output associated with de-
pressed skill investment. The second term reflects the dihed utility from public consumption
due to the decrease (1 caused by lower hours worked and lower skill investment.

It is easy to verify that ify = 0, then the condition for taxes to be progressive is always
satisfied. The larger ig, the larger are the costs of progressivity, making it moffécdit to satisfy

the condition forr* > 0. A higher value for the investment elasticity parametealso makes the

26As with the productivity gain from skill investment, the phactivity gain from insurable risk is multiplied by
(1 + x), reflecting the additional value of an extra unit of outpuentagents value government expenditures.

2This condition is independent of the insurable variancbecause the term in equation (30) involving this com-
ponent is maximized at = 0, so the marginal welfare effect from a change-iis zero atr = 0.
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condition for7* > 0 harder to satisfy, as does a larger labor supply elasticgy, @ lower value
for ). In both cases, a stronger behavioral response limitstingtation to compress inequality
by increasing progressivity. Conversely, the larger isisarable risky,, + v,, the more likely it is

that7* > 0. The effect of on optimal progressivity is ambiguous, as discussed in&@ewtB.ii.

V.D. Optimal Marginal Tax Rate at the Top

One focus of the Mirrleesian approach to optimal taxatios been characterizing the optimal
marginal tax rate at the top of the income distribution. Assiwg an unbounded Pareto right tail
for exogenous labor productivity (and assuming the socelfake function puts zero weight on
agents far in the tail), Saez (2001) shows that the optimadjimal tax rate at the top converges to

1
L+ (U 4¢e0 - 1)

(42) =

where(* and¢¢ are uncompensated and compensated labor supply elastigilihus, the thicker
is the right tail of the productivity distribution (i.e., éhsmaller is the Pareto coefficief, the
higher is the optimal marginal tax rate at the top.

Now consider a version of our model with = 0 andv, = v, = v. = 0, so that hetero-
geneity in skills reflecting heterogeneity in abilityis the only motive for taxation. This model is
observationally equivalent to the case considered by Shere is a Pareto distribution for wages,
with Pareto parametér. However, the underlying structure of the two models is qdifeerent:
wage heterogeneity reflects endogenous dispersion inchiaices in our model but exogenous
differences in productivity in the standard Mirrlees setup

We have not tackled the fully optimal Mirrlees tax problenmoiur environment with skill in-
vestment, so we have no theoretical analogue to equatign @& within the parametric class
of policies described by equation (1) we can compare ther@btpolicy in our environment in
which wages reflect skill investments to the optimal polidyan wages are exogenous and taxa-
tion only distorts labor supply. Recall that in our modellskare exogenous when = 0. Figure Il
shows that with) = 0, reducing) and thereby increasing inequality always implies higheinogl

progressivity, and thus higher marginal tax rates at higlorime level$® This result mirrors the

28Given our utility function, as earnings increase, thesstilies converge to zero arid (1 + o), respectively,
and thus the efficient top marginal tax rate—given exogem@ages—would converge to= (1 + o) /(o + 6).
2%From equation (3), the marginal tax rates are strictly iasireg in progressivity for any € (exp(—1/(1—7)), 00).
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familiar Mirrleesian prescription that top marginal ragg®uld be higher the heavier is the Pareto
tail. With endogenous skill choice) > 0), in contrast, there is a range of values fiotlose to
unity in which reducing and increasing wage inequality lowers optimal progressand thus
marginal tax rates at high income levels. Recall the logidhics result: the more complementary
are skill types, the larger are the productivity gains fromae uniformly dispersed skill distribu-
tion and thus the more costly are high tax rates at the topdikedurage skill investment by high
ability individuals.

Our finding that more inequality at the top reduces optimalpessivity, in contrast to the
standard Mirrlees prescription, has an interesting parall Scheuer and Werning (2015), who
show that introducing superstar effects in a Mirrleesiamiework reduces optimal marginal tax

rates at the top, even though these effects increase ingqual

VI. QUANTITATIVE ANALYSIS

In this section, we describe the model parametrization apbtbee the quantitative implications of
the theory. Next, we perform a robustness analysis withe@dp (i) the assumption that past skill
investment is flexible, (ii) the size of government purclsagié) the degree of inequality aversion

embedded in the welfare function, and (iv) an alternativi@ipal-economic driver of policy.

VI.A. Parameterization

Thanks to the closed-form solution for allocations, we canwe analytical expressions for the
cross-sectional moments of the joint equilibrium disttibn of wages, hours, and consumption.
The explicit analytical links between structural parametnd equilibrium moments allow us to
prove identification of all parameters and to estimate theehgiven empirical counterparts of
these moments computed from commonly used micro data.

We begin by recognizing that in survey data, hours workedccandumption are measured with
error, and hourly wages (computed as annual earnings dilageannual hours) inherit measure-
ment error from both variables. Le},v,.,v,, denote the variances of reporting error in hours,
consumption, and earnings, respectively, and assume neeasut error is classical. If we tack on

measurement error to log wages and the log allocations ing@® (21), and compute variances
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and co-variances of their joint cross-sectional distidoutwe obtain:

1
(43) var (logw) = 2 + Vo + Ve + Vyy + Vpn

1
var (logh) = v, + 520 + Vun,

1
var (loge) = (1—71)° <v¢ + 2 + Ua) + Vpe

1
cov (log h,logw) = —v. — vy,
o

~

cov (log h,loge) = (1 —7)v,

1

cov (logw,loge) = (1—71) (@ + va) :

These moments contain most of the structural parameteheahbdel. The variance of the unin-
surable innovatiom,, is implied byv,, given a value for.*°

Based on our previous work (Heathcote, Storesletten, anthiMe, 2014a), we set = 2,

a value broadly consistent with the microeconomic evidemtéhe Frisch elasticity (see, e.g.,
Keane, 2011). From the same paper we set the variances otiragssnt error ta,;, = 0.036,
v,y = 0, andv,. = 0.040. In light of our estimate of the progressivity of the U.S./teansfer
system above, we set= 0.181.

It is easy to see that,, v., and(v, + 1/6?) are overidentified by the set of moments in (43).
To separately identify the cross-sectional variance afisumable risky,,, from the cross-sectional
variance of skill prices] /6?, we use the cross-sectional momemnts® (log w), var® (logc), and
cov’ (logw, log ¢) at agea = 0, which reflect only variation in skills acquired before lalnoarket
entry, sincey? = 0 by assumption.

Our data are drawn from two surveys, the Panel Study of Inddymamics (PSID) for years
2000, 2002, 2004, and 2006 and the Consumption Expendituneeys (CEX) for years 2000—
2006. We apply the same sample selection criteria outlim&ection 1. We first regress individual
log wages, individual log hours, and household log consiongin year dummies, a quartic in
age, and (for consumption) household composition dummi#e. then use the residuals from
these regressions to construct the empirical counterpéreanoments in egs. (43) plus the three

moments at age “zero” (an average of ages 25-29 in the #afde minimum distance procedure

30The variance ofx at agea is v& = awv, SO the cross-sectional uninsurable variance in the model is=

(1= 8) 3202 0% = v, 8/(1 - 6).
31The resulting empirical moments used in the estimatiomardlog w) = 0.43, var (log h) = 0.11,var (logc) =
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TABLE |: Parameterization

0 X o T Uy Ve Ve 0 Uy

Baseline 0971 0.233 2.00 0.036 0 0040 0036 0.164 0098 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 detddotstrapped standard errors based on
500 replications in parentheses.

therefore uses nine moments to estimate four paraméters., v,, ). We seté = 0.971 to
match an expected working life of 35 years, the same age sp@sidered in the micro-data. All
parameter values, including those that are predetermaredsummarized in Table I.

The estimates in Table | imply that (i) the insurable comp@ecounts for 45% of the model
variance of wages, while the uninsurable component andadgeaeity in skills each account for
just over 25%; (ii) cross-sectional dispersion in the digybf work effort explains 60% of model
hours variation, while insurable shocks explain the reingid0%32? (iii) dispersion in the disu-
tility of work accounts for 15% of consumption inequalityhile uninsurable wage risk and skill
heterogeneity are equally important and account for theaneimy 85%; (iv) the growth in the
variance of log consumption over the life cycle (ages 25i6@yound).10. These findings are in
line with those of Heathcote, Storesletten, and Violan@4.42).

Our estimated value fdt is just above3. An alternative way to calibratewould be to exploit
the fact that the top end of the model income distributiompigraximately Pareto with parameter
g, so thatE [p (s) |s > 5] /p(5) = 0/(60 — 1). From our PSID sample, we estimate that this ratio is
stable and aroung for income thresholds above $250,000, which points toward2.3® Table |
reports how parameter estimates change when we intpesg and re-estimate other parameters.
We will examine how our results are affected by this altawegtarameterization.

The parameter controls the elasticity of the skill premium tcandd, where the skill premium

0.18, cov (log h,logw) = —0.01, cov (logh,logec) = 0.03, cov (logw,loge) = 0.15, var® (logw) = 0.28,
var® (log ¢) = 0.15, andcov? (log w, log ¢) = 0.10.

32A key reason to allow for heterogeneity ¢nis to be able to account for the large empirical dispersiondars
worked.

33Tax return data on wage income tabulated by Piketty and S#68( Table B3) indicate a value férbetween
1.6 and2.2 for the years 2000-2006, depending on the threskolthus, our estimate falls within this range.
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is increasing inr and decreasing it (see equation 23). Thus, if we can measure the changes over
time in the factors that control the relative demand andtixelasupply of different skill types,
Alog 8 andAlog(1—7), as well as the corresponding change in the skill premifdfog (7 ), we

can identify:. Taking time differences of logs and rearranging expres§i8), we arrive at

B Alogf + Alogm
Alog (1 —7) + Alogm

(44) ¢ =

Inferring a value of) from this equation requires estimates for changes in theettariables on
the right-hand side. We measure these three changes bet@@@+1976 and 2000-2006.

When we estimate for these two periods, we obtaiklog (1 — 7) = 0.034.34 To estimate the
change in the return to skill, we need to take a stand on a mea$gkills in the data. The most
natural and easily measurable is years of education. Weftirerestimate returns to skill on our
PSID sample through a Mincerian regression of log hourlyesagn years of education, controlling
for race and a cubic function of age. We run two separate ssgmes, one for men and one for
women, and average returns to education between the twpgrve obtain[’~"® = 0.088 and
72070 — 0.118 and thusA log m; = 0.29. We cannot use the change in consumption inequality
at age of labor market entry in order to estimadtéog ¢, since CEX data are not available for
the 1970s. Instead, we exploit the property thas the Pareto-tail coefficient of the income
distribution. We findd™~"¢ = 3.3 and#®°~% = 2.0, which impliesA log # = —0.50.%° Plugging
these numbers into equation (44) yieldls= 0.65.

Finally, to set a value fox, the relative weight on the government-provided good irfgrre
ences, we take the view that the fraction of output devotguitdicly provided goodg is chosen
efficiently. In Section VI.F. we show that all agents agrestt thshould be set to the efficient level

g* = x/(1+ x). This provides a theoretical motivation for our calibratichoice. Over the period

34We modify slightly our estimation strategy feroutlined in Section 1. The reasons are that (i) TAXSIM does
not accept the state ID before 1977, and thus one cannot dersfate taxes paid, and (ii) medical expenses are
only available in the PSID after 1999. To preserve consgstacross the earlier and later time periods, we therefore
(i) exclude state taxes from tax liabilities in both peri@al (i) use gross income instead of taxable income in both
periods. The new estimate of° =96 is 0.145. For the period 1970-1976, we find higher progressivify— "¢ = 0.174
(SE = 0.002) with R? = 0.92, based on a regression o2, 977 observations.

35Note that we should expect to find a declinginver time. Suppose, to the contrary, thavas constant. Then
the observed reduction in tax progressivity should havaéed an increase in the supply of relatively high skills and
a decline in the pretax skill premium. But in the data, thél gkémium increased. Thus, we should expect to find a
relatively large decline i such that the resulting increase in the relative demandigdr $kills dominates the effect
of an increase in relative supply (via less progressivetianpin terms of the net effect on the skill premium.
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FIGURE IlI: Panel (a): Social welfare as a function-obind welfare gain relative to the current
U.S. system. Panel (b): Decomposition of social welfare the components described in
Section V.B.

2000-2006g = G/Y = 0.189, and we therefore set= 0.233. Because the optimalis sensitive

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

VI.B. Results

Once the optimality conditiop* = —y is substituted into (30) and values have been assigned to
all the structural parameters, one obtains social welfdre-) as a function of- only. Figure Ili(a)
plots this function, assuming = 3. The value of progressivity that maximizes social welfare
is 7* = 0.084. The average welfare gain from reducing progressivity fitben current value of
7U% = 0.181 to 7* is equivalent td).63% of lifetime consumption.

How different are the actual and optimal schemes? Note ligat&tio of the variance of log
disposable income to pregovernment incomélis- 7)2. Moving to the optimal scheme would
increase this ratio fromM.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 margiaalrates for the
actual and optimal tax schemes.

Figure llI(b) reconstruct®V (1) by sequentially adding all of its components. The first compo
nent is welfare of the representative agent. As discuskedistmaximized at = —y = —0.233.

Adding the skill investment component (the productivityrgiiom skill investment net of edu-
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cation costs minus the welfare loss from between-skill aongion inequality) pushes toward a
more progressive system, and the optimalcreases te-0.035. The concern for additional con-
sumption inequality induced by preference heterogeneitthér raises the optimal to —0.007.
Uninsurable shocks are a stronger source of consumptigemdi®on, which is reflected in the
substantial upward jump in to 0.099 when this component is incorporated. Finally, adding the
productivity gain from insurable shocks putidack toward zero to its final value 06f084.

If consumption inequality was the government’s only cong¢erwould be optimally set to
one, and the tax/transfer scheme would equate postgovatrino®me and consumption across
households. Besides the need to fund public consumptiochw¥e analyze in Section VI.D., two
forces limit progressivity: the distortion to labor supjaliyd the distortion to skill investment.

To measure the strength of these two channels, we compubptimeal - in two special cases,
one in which labor supply is inelastic and a second in whietdiktribution of skills and skill prices
is exogenoug® With inelastic hours the optimalis 0.281, whereas with inelastic skills the optimal
715 0.202. Thus, the endogeneities of labor supply and skill investrbeth play quantitatively
important roles in limiting optimal progressivity. Note, particular, that absent endogenous skill
investment, the welfare-maximizing policy would imply artiease in progressivity relative to the
current tax system, whereas reducing progressivity isrggdtonce this margin is incorporated.

The alternative model calibration described in Table If@ices this latter result. With fixed
at 2, skill heterogeneity generates more wage and consumptspeision, and the estimation
therefore sets the variance of the uninsurable lifetimelshig, to zero. A larger role for endoge-
nous skills in generating wage dispersion translates owet optimal progressivityr* = 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 berigeersed or supplemented if the
tax system changes. This assumption implies that (i) thenapichoice forr is independent of
the preexisting distribution of skills, and (ii) transmidollowing any tax reform is instantaneous.

We now consider the opposite extreme assumption, nametskilhinvestment is chosen once

36This latter case is obtained by excluding from the welfarefion 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 thereaftierirfroduces an additional force in
the direction of more progressivity: the planner can nowoedconsumption inequality without
distorting skill investments for agents who entered theneowy in the past.

Consider an unanticipated once-and-for-all change ingkeystem from(7_;, g_1) to (7, g).
With skill investment fixed at age, output gradually evolves over time as the population share
agents who make skill investments under the new tax regises.rBecause the policy parameters
(1,g) are assumed constant during transition, the budget-tbaawalue for\ is time varying.
To maintain tractability in this version of the model, wegslily modify the production structure
by assuming that production is segregated by age groups. assumption preserves tractability
because the density of skills within a cohort remains exptakduring the transition, whereas the
economy-wide distribution does not. See Online Append&Dr details.

When we sety =  and assume that the initial steady state corresponds tostiunated
progressivity valuer_; = 7Y% = 0.181, we find that the optimal permanent choice fois now
0.146, compared ta).084 in the baseline model with flexible investment. The optimabice
for g is unchanged. In the fixed investment model, the planner sanpwogressive taxation to
effectively expropriate the returns to past skill investiisemade by currently living individuals.
The importance of this effect depends on the planner'sgetsrational discount factof, As
~v — 1, the fact that past skill investments can be expropriatedtoes irrelevant, and in both the
fixed and flexible investment models, the expression foradaeelfare corresponds to expected
lifetime utility for a newborn agent in steady state, implyia common welfare-maximizing value
for 7 of 0.061.3” The lower isy, and thus the less concerned is the planner about the fuhare, t
larger is the incentive for expropriation in the fixed invaent specification. Thus, reducing
widens the difference in optimal progressivity relativetie baseline flexible investment model in
which past investments can be costlessly reversed and dimn®tbe expropriated (see Figure D3

in Online Appendix D.3).

37This value forr is smaller than the baseline optimym= 0.084) because putting more relative weight on future
generations (via a higher) weakens the planner’s desire to compress consumptionatiggamong 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 interachetween the size of government
and the desired progressivity of the tax and transfer systeliwmiding fixed all other structural
parameters and the choice of the social welfare functi@ggtimal tax and transfer system should
be less progressive the larger is desired government cgisamgsee Sections V.B.i. and V.C.). In
contrast to our paper, most previous analyses of tax debgjneat from the choice of public good
provision and simply assume that an exogenous level of heedaxpenditure must be financed.
We therefore now consider a version of the model in which ¢vellof G is exogenous, denoted
G, but where the government still chooses

It turns out that increasing the exogenous valu&vorks just like increasing the preference
parametery in the baseline endogenoGsmodel: higherG implies lower optimal progressivity,
denoted byr}. Again, the planner internalizes that less progressivetiaxa&ncourages labor
supply and skill investment, and makes it easier to finanpemditure. IfG is equal to the level
that is optimally chosen in our baseline endogenGusodel, so thaty = ¢VY (7%), thent; is
equal to the optimal choice® = 0.084 in the baseline model.

However, the results are quite different if instead of fixidgxogenously in levels, we model
expenditure as a fixed exogenous shaod output. We maintain the assumption that government
consumption is nonvalued and set= 0. From Corollary 4.3, the optimal choice farin the
exogenous expenditure model is independemt ¢ fact, for any value fof the optimal value;
is equal t00.20, which is optimal degree of progressivity in the baselindagenous> model in
which agents derive no utility from public goo@s = 0).

Table Il summarizes all these different cases, while Figd2ein Online Appendix D plots
the corresponding average and marginal tax rates. The kewway is that differences in how
government spending is modeled can have a large impact anapgrogressivity. We conclude
that government consumption and the distribution of th@@ated tax burden are interrelated

policy choices that should be analyzed within a single irgtgl framework.

VI.E. Inequality Aversion

Our baseline analysis assumes a utilitarian social weffametion. In that case, the planner is

just as motivated to use progressive taxation to reducegent consumption differentials across
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TABLE Il: Optimal Progressivity under Alternative Models for Gamment Spending

Endogenous; Exogenoug~ Exogenougy
T T4 Tg
x=20 0.200 G=0 0.200 = 0.200

G=0
x=0233 0084 G=g"SY(r*) 0084 g=gUS 0.200

Note: In the exogenou§ and exogenoug cases we always sgt= 0.

individuals as itis to dampen consumption fluctuations foinaividual over time. We now explore
a more general formulation, building on Bénabou (2002)ictvfallows us to vary the planner’s
concern for redistribution with respect to preexistingjuality.

Let U(k, ¢, a; g, 7) denote expected lifetime utility for an agent with charastes (x, ¢, «)
prior to drawing the current period insurable shock (seaggn 45), and let(x, ¢, «; g, 7) denote
the certainty equivalent value for consumption that detiv& «, ¢, «; g, 7), assuming equilibrium
decision rules for hours and skill investment. Thus,

U(k, p,a;g,7) =logc(k, p,a; g, T)—l_—7+xlog Glg,7)—[(1 = 7) = Lasoy(1 — 7-1)] Ln%,

1+o (1+1)6
where the second term on the right-hand side is lifetime eegedisutility from labor supply, the
third is lifetime utility from public consumption, and thedrth is the skill investment cost, which
depends on whether the agent is newborn or an older individuising her investment decision
given the change in progressivity.

The contribution to welfare from all agents of agat the onset of the tax reforiw, (g, 7), is

V.(g,7) = log (///c(/-z,gp,a;g,T)l_”dFﬁng,dFo‘f) - 1+;7— + xlog G(g, 1)

l1+o

¥n
— [A=7) = Lgsop(1 — 7-1)] m/ﬁdﬂm

wherer € (0, ) is a new parameter that defines the planner’s aversion tinaétthort inequality

in expected lifetime utility from consumption due to he@geaeity in(x, p,«). The larger is

v, the less substitutable across agents is lifetime utidihg the stronger is the planner’s desire
to equalize consumption through redistribution. Note thiile the inequality-averse planner’s
objective function allows for a flexible degree of aversioniriequality in lifetime utility from
consumption, we have assumed that the planner remairtandifi with respect to skill investment

costs and disutility from labor supply, which are simply @aged in the usual way.
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In terms of how the planner weights different cohorts, weiass as before, a linearly additive
formulation and sety = 3 so the planner discounts across generations at the sanesratgents
discount over time. Current and future newborn agents asdd symmetrically and contribute

Vo(g, 7) to social welfare (recall that transition is immediate) uShthe planner’s objective is

a J
ey ;5 Va(g,f)+§5 Vo(g,7)

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

Wr(g,7) = (1= 5)

W"(g,7) in closed form.

Proposition 7 [inequality aversion]. In the model with reversible investment and= /3, social

welfare from implementing polidy, 7) for a planner with inequality aversion parameteis

( log(1—7) 1

log(1 —g) +X10g9 +(1 +X)m ~ i
0(1+1)
5(1-p)
(1+¢)9 (1 - ) 1-5 3

)
(2)
(3)
We(g ) = | Hlog (1= 152) + shylo (v = 1) (1 =) +1) ®
(6)
(7)
(8)

—(1—7‘)21/%‘” 5

—(1 —7')21/ (%)

D

7
8

Lines (1), (2), (3), and (8) are identical to the correspagdines of our baseline welfare ex-
pression (equation 30) and capture (1) welfare for a reptatiee agent, (2) aggregate productivity
gains due to skill investment, (3) the average net cost difiskestment, and (8) the welfare gains
associated with insurable ri$k. The other components of social welfare reflect uninsuraéte h
erogeneity and risk, and it is here that the planner’s aléittoward innate inequality (indexed by
v) matters. Line (4) is the cost of consumption inequalitye@fhg differences in skills, which
in turn are driven by heterogeneity in Line (5) captures the welfare cost of inequality due to
uninsurable preference heterogeneity, and line (6) isdseaf inequality due to uninsurable pro-
ductivity heterogeneity reflecting past uninsurablehocks. Line (7) captures the cost of future
increases in consumption inequality due to futwrehocks. Note that does not appear in this

term, since the planner values insurance against futurekshost as agents themselves do.

380n line (3), to simplify notation, we have omitted the termrin since Corollary 4.1 applies here as well.

39



TABLE Ill: Optimal Progressivity under Alternative Values forequality Aversion

Inequality Aversion Optimal progressivity

v Baseline (v, v,,v.) =0 X=0 (Vp,04,0:) =0, x=0
oo (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 choicestfier parameter. First, asy — 1,
the expression foWW” (g, T) collapses to our original social welfare functid¥(g, 7) defined in
equation (30). Thus; = 1 corresponds to a utilitarian planner.

Second, as we increasethe planner becomes more averse to inequality in lifetitiigyu A
planner withv = 2 (i.e., a relative risk aversion of 2 over individual consuiop equivalents)
would choose- = 0.19, just above our estimate for the current U.S. tax/trangfetesn.

In the limit asy — oo, the planner is effectively Rawlsian. In this case, the arelfcosts
of inequality due to preference heterogeneity and pastsunable shocks (lines 5 and 6) become
arbitrarily large, which pushes the optimal value fdoward1 as long as either, > 0 orv,, > 0.
However, the cost of consumption inequality due to diffeesnin skills always remains finite: the
term in line (4) converges tog [1 — (1 — 7)/6]. This term does not explode because skill prices
are bounded away from zero, and beyond a certain point, amahrgcrease in progressivity will
reduce the low-skilled pretax wage by more than it increas¢$ransfers.

Third, asv — 0, lines (4), (5), and (6) drop out, indicating that the planiseindifferent to
consumption inequality due to initial heterogeneityxirand o and to lifetime inequality due to
cumulated past shocks. Line (7) is still present, though, revealing that pkanner still values
insurance against future uninsurable shocks.

Table Il reports optimal levels for for a range of values for the inequality aversion parameter
v and for four alternative parameterizations of the modet:b@seline parameterization, a version

in which k is the only source of heterogeneity, and those two caseategpbut withy = 0.
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VI.F. Political-Economic Determination of Progressivity

After our characterization of optimality, it is natural tekathe following question: ifg, 7) were
determined through a political-economic mechanism, howld/the voting outcome differ from
the policy chosen by a utilitarian government? To maintgmmsetry with our normative analysis,
we restrict ourselves to voting once and for all and retagnassumption that the skill decision is
reversible, so the transition to a new steady state is imawedi

The challenge in analyzing a political-economic versioowf model is twofold. First, voting
has two dimensiongyg, 7). Second, there are multiple sources of heterogeneity sbmsseholds,
which potentially means that preferences over fiscal viagaimay not be single peaked. In what
follows, we show that (i) irrespective of the choice faragents agree on the amount®@fto
be provided, and this amount is a fractigii(1 + x) of aggregate output; (ii) notwithstanding
multidimensional heterogeneity, the attitude of indiatlagents toward progressivity can be
summarized by a single summary statistic, so voters diffecevely along only one dimension.
As we shall see, these properties will ensure that the mewian theorem applies.

We begin by proving that all agents agree on the optimal digmeernment. This is because
increasingy delivers identical marginal utility gains to all agentsrfrgreater public consumption

. - . - . - - a)\
(%) and identical marginal losses via associated higher Exédi - 50)-

Proposition 8 [agreement onG]. When voting ovey, every agent preferg™e = g* = v/ (1 + x),

independently of the choice for

We now consider voting over and make an additional simplifying assumption: voting ascu
before the realization of the i.i.d. insurable shagkso the individual state vector at the voting
stage ik, ¢, ). For an agent with characteristips, ¢, «), expected lifetime utility (ignoring, as

usual, the separable termin,) is given by

0w,
Uk, p,a;9,7) = W(gvT)_(l_THfﬁé%
Bo v, v 1 Y1
+(1—T)<7_55? §_5+ﬂ5)
w =) (oo oo i)

Proposition 9 [median voter]. Under majority rule voting, the equilibrium is the value that
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maximizes equation (45) for the agent with the median valuthé random variable = a — ¢ +

K.

I3

=

The median voter theorem applies because preferencesngte peaked in-. This follows
from the concavity obV (g, 7) (Corollary 4.2). Concavity iV (g, 7) translates into concavity in
U (k, ¢, a; g, 7) since the additional terms in equation (45) are linear.irfFrom the last line of
this equation it can be seen that, for the purposes of claizoly attitudes to progressivity, the
three-dimensional vectqk, ¢, a) can be collapsed into the sufficient statisticSincex is a linear
combination of normaly, o) and exponentialx) variables, it is an EMG random variable.

We find that the median voter—the agent with the median valug-f-would choose ¢ =
0.144, a choice that is significantly higher than the utilitaridarmer’s choicg 7 = 0.084). To
understand why the median voter prefers more progressnatg first that in the limiting case—

oo andu, = 0,U (:cm8d; g, r) = W (g, ), so she would choose exactly the same progressivity as
the utilitarian planner. Thus, the reason the median vatfeps a higher value far has to do with

the existence of permanent uninsurable shocks=( 0) and heterogeneity in skill price8 & o).

With respect to the former, the median voter wants a highl®rcause, in contrast to the utilitarian
planner, she does not care about future cohorts whosd imitiasurable shock dispersion will be
low. With respect to skill heterogeneity, the agent with medability ~ has less than average

ability because: is exponentially distributed. She therefore prefers medsstribution.

VIlI. SKILL INVESTMENT CONSTRAINTS

So far, our analysis has abstracted from potential comésraéihat might limit skill investments,
such as inadequate parental resources or credit constraife now consider an extension to the
model in which some workers do not get a chance to accumutdle Isecause their families are
so poor that they cannot afford any skill investment. Thefavelgains from progressive taxation
are now potentially larger because redistribution can hilfamilies out of poverty and thereby
broaden opportunities for skill acquisition. In the cortefsschooling, several authors have argued
that redistribution could increase educational investrbgrrelaxing borrowing constraints (e.qg.,
Fernandez and Rogerson 1998; Bénabou 2002; and Seshddyu&i 2004. For a survey, see
Lochner and Monge-Naranjo 2012).
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When a worker dies (which happens with probability §), she is replaced by a child. There
is no intergenerational altruism, so a child does not recaiw bequests from the parent-worker
she replaces. The fixed effedts, ) are assumed independent across parents and children.

Workers can be either skilled or unskilled, and the fate oéahborn worker is sealed at birth.
Independently of parental income, a sharef the newborn are unable to invest in skills and
therefore become permanently unskilled (e.g., becausenimfrapsychic cost of schooling). The
opportunities of the remaining share— A) of the newborn hinge on the financial resources of their
parents. In particular, a newborn child can make a skillstvent only if her parent’s consumption
exceeds a thresholdin the last period of the parent’s life. Children who are lpekough to get
a skill investment opportunity are exactly like the workaralyzed in the previous sections: they
draw an investment cost choose an investment leveland earn a wage per efficiency upit).

All unskilled workers earn the same wageBoth w andc are exogenous parameters.

The law of motion for the share of unskilled workeyss

(46) &1 = &+ (1—0)& - [A+ (1 —A)Pr(c < c|unskilled]
+(1-=90)(1=&) A+ (1—A)Pr(c<c|skilled)].

Note that the larger ig\, the more children become unskilled for reasons unrelaiguhtental
resources, and hence the smaller is the scope for influehaimgn capital through redistribution.

Equilibrium labor supply for all workers in this model remaias described in Proposition 2.
Consumption for skilled workers is also as in Propositiomf2to a different value fon. Con-
sumption for the unskilled has the same form, except thaskileprice p(s) is replaced byw.
Given the consumption rule, we can evaluate the probaslitaat skilled and unskilled parents’
consumption exceeds the thresheldvhich in turn determine intergenerational transition @ob
bilities. Online Appendix B.14 contains all these expressiand additional details on this model
extension.

As before, we focus on tax reforms in which the progresspétsametet is changed once and
for all. This analysis must be done numerically becausegémimr induce transitional dynamics
in the share of unskilled workerg,, according to equation (46).

We now describe how the new parametersc, and A are calibrated (all other parameter

values are unchanged). We identify an unskilled worker agla $chool dropout. In 2000, the
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TABLE 1V: Optimal Progressivity with Skill Investment Constré&n

Long-run¢ at7* 7 Welfare gain:7V? to 7*

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

median labor earnings of full-time high school dropouts Wd%o of the median earnings of all
full-time workers with more than a high school educati®his pins down the unskilled wage.
According to the National Longitudinal Survey of Youth 19#7e probability of a child becoming
a high school dropout given that her parent is a high schagalrt is 35.5%. The corresponding
number when the parent is a high school graduate is 13°5%e use these two moments as
targets for the two parametefsandc. The implied parameter values ake= 12.5% andc equal

to 50% of median consumption. These parameter values irhpty26.3% (1.2%) of children of
high school dropouts (graduates) live in families that ffi@low the consumption threshold. Thus,
the calibrated model has the features that (i) most childfamskilled parents have a chance of
becoming skilled because the consumption floor is quite [@)wery few skilled parents are so
poor that their children cannot afford to become skillethalgh some of those children become
unskilled for exogenous reasons; and (iii) tax policy htikeleffect on the rate at which children of
skilled parents become unskilled, whereas it can influeneedte at which children of unskilled
parents become skilled.

This model extension increases the optimal degree of tagressivity significantly compared
to our baseline. Two forces are at work. First, the mere m@sef unskilled workers induces the
utilitarian planner to increase redistribution, both hesmathese unskilled workers are relatively
poor and because these workers’ skill investments are satlysinsensitive to the tax system. If
we hold the share of unskilled workers fixed at the initiabsgstate level associated with*,
thereby abstracting from the effectsobn the dynamics of;, this force alone would induce the

planner to choose notably higher progressivity than in teebne modelr* = 0.132 (second row

39Authors’ computation based on the following Bureau of LaBtatistics data sources: Employment status of
the civilian population 25 years and over by educationalimthent, Labor Force Statistics Table A-4; Median usual
weekly earnings of the employed population 25 years andlmyeducational attainment.

4%The calculations are based on the sample used in Abbott ef28l13). These probabilities are obtained by
averaging across the probabilities of children becomimgduts conditional on their mother’s and father’s educatio
If these probabilities were constant over time, the stestdie unskilled shagwould bel7.3%.
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of Table IV), up fromr* = 0.084 in the absence of any unskilled workers.

The second force is that the planner now wants to use rduistyn to influence the share of
unskilled workers. The long-run steady-state sh@re turns out to be a U-shaped function of
7. This is a result of two opposing effects of tax progresgivih . On the one hand, a larger
T expands redistribution to the poor. This, in turn, increase number of children with parents
above the consumption cutoff, which tends to mgka declining function ofr. On the other
hand, a larger distorts incentives to work and invest in skills and loweverage earnings and
consumption. This force tends to makean increasing function of.

Around the empirical tax rate”*, higher progressivity lowers the share of unskilled wosker
When taking into account this effect oon¢, the optimal degree of progressivity increases further
tor* = 0.167. Since this is almost identical to our empirical estimatdlie United States (Section
I.), the welfare gain from tax reform is now negligible.

Suppose the government could devise a costless policymefat would remove all investment
constraints and effectively lowerto zero. Such a policy would lead the economy to converge to
a new steady state with only 12.5% of workers unskilled, T@eatage points below the current
U.S. level. The aggregate welfare gain of implementing supblicy would be 1.6%. The gain is

relatively small because the transition to the new steaatg $akes an entire generation.

VIIl. EMPIRICAL EVIDENCE

The aim of this section is to assess whether the key impdicatdf our baseline model for the de-
terminants of optimal progressivity find empirical supgara cross-country panel dataset. Propo-
sition 4 (for the special case = [3) establishes that optimal progressivity depends on seven
model parameterso, ¥, x, 0, va, vy, v:) . In what follows, we assume that preference parameters
o andv (defining, respectively, curvature over labor supply anerakill investment) are common
across countries. We then use available data to construatrge and time-specific estimates of
tax progressivity and empirical proxies for the other pagters, and ask whether observed pro-
gressivity covaries with these proxies in the same way thatal theoretical progressivity varies
with the corresponding parameters.

For cross-country estimates of progressivity, we use thddM@x Indicator (WTI) database
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(Andrew Young School of Policy Studies 2010). This is the tmasnprehensive and comparable
measure of tax progressivity availalileFor each country-year paic, t), the database reports an
index of marginal rate progression/ R P), which is the slope coefficient obtained from regressing
marginal tax rates on logged gross income. In our model, thagimal tax rate schedule is given
by MTR (y) = 1—X(1 — 1)y~ 7. Using the approximation/ TR (y) ~ —log (1 — MTR (y)) =
—log (A (1 — 7)) + 7log(y), itis clear thatM RP ~ .

Our proxy fory is the share of government purchases in output; G/Y, which equals
x/ (1 4+ x) under the optimal model policy. Data on government’'s sh&®DP come from the
Penn World Tables (PWT) database (Feenstra, Inklaar, anch&r 2015). The model predicts that
7 should decline withy.

The remaining parametef$, v,, v, v.) shape income inequality. The model’s predictions
for the relationship between optimal progressivity andyjiradity are subtle. Recall that income
inequality in our model has two sources: endogenous ski#stment and exogenous variation
in labor productivity and the taste for work. The first sounsglies a hump-shaped relation
between the optimat andf, as depicted in Figure Il. The second source dictates thaitimal
7 is increasing in the uninsurable components of earningguialéy, v, andv,, but declining in
the insurable component,. The overall model income distribution is Pareto-lognorii&lN),
whered is the Pareto-Lorenz coefficient, afw,, v, v.) determine the variance of the lognormal
component, which we denotehereafter.

The most comprehensive cross-country dataset on incomeality is the Standardized World
Income Inequality Database (Solt 2016), which containsnegées of Gini coefficients for equiv-
alized household market income. The World Wealth and IncDetabase (Alvaredo et al. 2016)
provides direct estimates of the Pareto coeffictefdr a smaller number of countries. Note that
the Gini index of a PLN distribution can be expressed in aosem as a function ofl andv.
Thus, given country-year-specific values for the Gini arrdffave can recover estimates for

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

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

41The main shortcoming of the WTI data, from the standpointstiheating the progressivity of the overall tax and
transfer system, is that it does not include governmenstess. The estimated”’“ from the WTI database is around
0.06. This is very similar to the corresponding estimate based@hdata provided by Guner, Kaygusuz, and Ventura
(2014), which similarly does not include transfers (sedrfhable A5).
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in the sample is 2005. Our final dataset, which combines tbe databases described above,
merged by country-year, comprises 1,585 country-yearrghgens in its largest configuration.
The number of countries grows from 65 in 1990 to over 100 imtlost recent years. The version
of the dataset that also includes estimates for Pareto cieetfs has 351 country-year observations
and covers 26 countries, most of which are present for alleb®sy

We run two sets of regressions, one on our larger sample a@itges and one on the smaller.

The general specification is
MRPf = Dy + Bog; + 51X + €5,

where M RPF (our proxy forr) is the index of marginal rate progression in countmn yeart,

D, are year dummieg; is government’s share of output in countrin yeart, and the vectoX¢
contains the proxies for income inequality that are avélabthe particular sample. For the larger
sample of countriesXy is simply the income Gini, whereas for the subsample in wegtimates
for the Pareto coefficient are available, it is the trifg, (6¢)? ,7f) . This second specification is
theoretically preferable because it allows us to test wdrdtie distinct theoretical implications of
endogenous versus exogenous income inequality for oppnogiressivity are supported empiri-
cally. In all our regressions, we weight each country-ydegeovation by the square root of GDP
for that country-yeat? Table V reports our findings.

The regression in column (1) uses the larger sample. Thdicieat on government’s share
of output is negative, as predicted by the model, and the oneexquality positive’®> Both are
significant at the 1% level. The regression in column (2) ukesmaller sample and constitutes
the purest test of the theory. The coefficienggpnemains negative and significant. The coefficients
on § and#? are strongly significant and support the hump-shaped oelatnplied by the model.
Finally, the coefficient or is positive and significant, again as predicted by theorguisng
variation inv; primarily reflects variation in, or v,).

In the remaining columns we introduce additional dummieslu@ns (3) and (4) add seven

regional dummies, and columns (5) and (6) add four additidmamies for the country’s level of

42\We obtain similar results when weighting by country popolabr not weighting at all.

43In contrast, Guvenen, Kuruscu, and Ozkan (2014) estimatgative relation between gross income inequality
and progressivity (both measured differently from the @atibrs we use). They use only a small subset of the countries
in our dataset (United States, Denmark, Finland, Francemémy, Netherlands, Sweden, United Kingdom). When we
run our regression on this subset of countries, we also fiswlahegative coefficient, but one that is not statistically
significant.
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TABLE V: Empirical Determinants of Progressivity across Cow#ri
1) (2) 3) 4) ) (6)
MRP MRP MRP MRP MRP MRP
GIY -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)
0 0.139** 0.123** 0.00451
(7.89) (7.11) (0.22)
02 -0.0266** -0.0225** -0.0000972
(-8.62) (-7.52) (-0.02)
v 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. R? 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 classificatibr§fontrolling for regional dummies
increases the&k? of the regressions and leaves all results qualitativehhanged, except for the
significance of the coefficient arf. Adding development dummies changes the sign of the coeffi-
cient ongy in column (5), but the sign is restored in the richer spedificawith the smaller sample

in column (6). In this last regression, the coefficients oo ®areto tail lose significance, but the
one onuy remains negative and significant.

Overall, this first pass at the data indicates that our thetawtifies qualitatively relevant de-
terminants of tax progressivity. We now ask whether therestitd coefficients from regressing
observed progressivity on government purchases and incwygeality arequantitativelyconsis-
tent with the theory. The true theoretical relationshipaslimear, but we can compute the local
sensitivity of progressivity to these determinants fortgdrations around our baseline parameter-
ization to the United States.

To do so, we start with equation (30), take the first-ordeddomn with respect ta- to derive

“The case for adding these extra dummies is that they mightieapctual determinants of progressivity that are
not included in our theory. The case against including thethat if the theoretical determinants of progressivity are
empirically relevant but noisily measured, then adding thies that are correlated with these noisy variables could
artificially reduce their estimated statistical significan
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an expression that implicitly defines the welfare-maximgzvalue forr, and then use the implicit
function theorem to compute the sensitivity of optimal pessivity to various structural parame-
ters. We use the solution for the optimal size of governmenty /(1+x) to translate progressivity
sensitivity with respect te to predicted sensitivity with respect goFor predicted sensitivity with
respect to the variance of the normal component of incamed@ur empirical specification), we fix
the ratios, /v, v, /v, andv, /v at their estimated values for the United States. The thpoegicted
value fordr/dg is —0.690 compared to the regression coefficient-af.254 reported in column
(2) of Table V. The theory-predicted value fér/dv is 0.175 compared to the empirical value
of 0.025. Thus, while the empirical regression coefficients have ihiet Isign, they are smaller in
magnitude than predicted by the model. Note, however, thiiet extent that andg are measured
with error in our datasets, the empirical coefficients walldased toward zer3.Online Appendix
C provides more details on the datasets used in our regnsssidditional sensitivity analysis, and

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

IX. CONCLUSIONS

This paper develops an equilibrium framework to study thenogd degree of progressivity of
the tax system. The framework restricts the policy spaceparticular functional form for the
tax and transfer schedule with two salient features: (i)rtfuglel is fully tractable, and (ii) the
functional form offers a good fit to the current U.S. systemur @ain result is an expression
for social welfare as a function of (i) policy parameters wiefj the degree of tax progressivity
and the size of government and (ii) structural parametefigidg preferences, technology, and
households’ access to private insurance. These parametgrsite the relative strengths of the
economic forces pushing for and against progressivity.il&arian planner wants a progressive tax
system to redistribute against inequality in initial cdrahis and to offer social insurance against
life cycle productivity shocks that households cannot stimguwivately. At the same time, the
planner understands that higher progressivity distobtsrlaupply and skill investment.

When we parameterize the model and quantify the net impatiteof/arious forces for and

49t is difficult to summarize the theoretical sensitivity ofwith respect to the Pareto coefficiehtbecause this
relationship is nonmonotonic (see Figure Il). We can notsydver, that the regression coefficients in column (2)
imply that progressivity in the data tends to be largest farntries withf around2.6, whereas given our baseline
parameterization, the progressivity-maximizing valuéi@ model i9) = 1.5.
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against progressivity, our baseline model suggests thiditanian planner could generate welfare
gains by making the U.S. tax and transfer system less praigeed his result stands in contrast to
most of the existing literature. For example, Saez (200klera) found optimal marginal tax rates
to be around 50%, significantly higher than the current Lates.

We emphasize two forces that limit the optimal degree of msgjvity in our model. The first
is that progressivity discourages skill investment andeby reduces pretax wages as well as la-
bor supply. In our baseline calibration, this effect is ditatively important. Furthermore, even
though wages do reflect skill investment choices, tax psxivéy is not an effective way to com-
press inequality in pretax wages because greater relatareisy of high-skill workers increases
the skill premium in general equilibrium.

A second force limiting the optimal degree of progressiistthe need to provide public goods.
We jointly analyzed the optimal size of government and thienogd tax/transfer system, and found
an important interaction between the two: the more net nez@nust be collected to finance public
consumption, the less progressive the tax system shoulthadogic is that individual households
tend to underinvest in skills and work too little becauseyttie not internalize the value of the
public goods that additional tax payments can finance. Lomaginal tax rates (achieved through
lower progressivity) help narrow the gap between privatésotial returns.

Although our baseline utilitarian model suggests a caserfaking the current U.S. tax and
transfer system less progressive, several additionafagush in the opposite direction. First, a
planner who is more inequality averse than our utilitariasddine would prefer higher progres-
sivity. Second, progressivity should also be higher if poves a barrier to skill investment. We
explored an extension in which progressive taxation, lsvating poverty, mitigates such invest-
ment constraints, inducing a larger optimal This extension underlines the importance of the
active research agenda on the role of credit constraintsdlinrevestment.

Finally, our cross-country study of the correlates of #iain observed tax progressivity
offers some empirical support for the theory’s predictiabsut 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 éesin deter-
mining household’s labor supply and skill investment clkeion the margin. This follows from
a standard envelope argument: if an individual is alreadymoping on the margin in terms of
spending on tax-deductible items or in terms of tax avoidautivities, then the marginal value of
working a little harder can be computed holding deductioxexfji.e., using the statutory marginal
rate. We therefore want to estimate the progressivity dtigigy tax rates. We begin by proving
our claim of Section Il. that does measure the progressivity of statutory (as opposdtetiiee)
tax rates when using taxable income (i.e., gross incgma@nus deductible expenses in the

estimation. Tax liabilities are then given by the genesliformula:

(A1) T(y,2) = (y—x) = Ay — )" 7,

wherey — x is taxable income, which implies the log-linear relationvien post-government

income and pre-government taxable income
(A2) log(y —a —T(y,x)) =log A+ (1 — 7)log (y — x)

that we use to estimate the parametens discussed in detail in Section Il. of the paper. The

statutory marginal tax rate implied by (A1) is:

s Ty, x) _ -
(A3) MTR :Ty—l—)\(l—r)(y—x) :

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

marginal tax rateé\/T R° requires computing the total derivative, or:

(A4)

. _dT(y,5) OT(y,2) OT(y,2)ds o, s
= = —_— = — — — [ <
MTR a0y oy + o dy [1-A1-7)(y—2)7] (1 i) = MTR?,

which is less than or equal to the statutory marginal tax ¥a#eR°, as long as: is a normal good.

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

T(y, )

(A5) ATR =

=1-ANy—2)".

A natural measure of statutory progressivity is one minescibefficient of residual income pro-
gression:1 — (1 — MTR?®)/(1 — ATR). By combining (A3) and (A5) it is easy to see that this
expression is exactly equal 19 and thus our empirical approach to estimating progragsvap-

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.Tdsee this, note that budget balance

requiresgY = [ y; — \y;~"di. The income-weighted average marginal tax rate is themdiye

/[1—)\(1—7')%-_7] (%)di:1—(1—7)/Ay;—7(1/3f)d¢ (- (1—g).

Measurement of tax deductions. As discussed in the main text, the source of our data used
in Section Il. is the sample from the Panel Study of Income @wits (PSID) for survey years
2000, 2002, 2004, and 2006 (when the PSID is biannual) destin detail in Heathcote, Perri
and Violante (2012). From this data set, we are able to coctstior every household, measures of
income and government transfers defined in the main texta(duis to obtain an accurate estimate
of tax liabilities for household in the sample by running MBER’s TAXSIM program (Feenberg
and Coutts, 1993) on every record in the data. Most of thesfieduired by TAXSIM (marital sta-
tus, number of children, various types of income and govemtriransfers, see the description of
the software ahttp://users.nber.org/"taxsim/taxsim9/ ) are are already available
in our original sample. What requires more work is constnggtfor each household, an estimate
of their tax deductions in order to arrive at a reliable measf taxable income. We begin by
calculating the four major sources of itemized deductionthe US tax code: medical expenses,
mortgage interest, state taxes paid, and charitable batiths. The PSID contains three compre-
hensive questions on out-of-pocket medical expenditweséspectively, (i) nursing home and
hospital bills, (ii) doctor, outpatient surgery, and debills, and (iii) prescriptions, in-home med-
ical care, special facilities, and other medical servi€@gerall these three questions cover a very

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

4éMore precisely for each of survey years 2001-03-05-07, thestions we extracted are: 2001: ER19842,
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the age range of our sample, are $750 ($1,970), in line wistiag estimates from other sources
(see, e.g., Jung and Tran, 2013, for evidence based on the&lEdpenditure Panel Survey). We
follow the instructions on the NBER TAXSIM website on how @iculate the deductible amount
for medical expense¥. The PSID contains a question on the residual mortgage dethteomain
residence for homeownet% As per the US tax code, we cap this amount at $1,000,000. Fo cal
culate interest payments, we multiply that amount by 7 perdae average 30-year conventional
annual mortgage rate over this period (FRED series MORTG& foAstate taxes, our data set con-
tains the household state of residence that TAXSIM usesitpate state taxes paid by households
in calculating the itemized deduction (we used the InteRetenue Service Statistics of Income
(SOI) state codes, as indicated by the instructions for #gldrinally, since the PSID has no infor-
mation on charitable contributions, we use a simple impargirocedure. Based on the SOI data,
in 2004 charitable contributions amounted to roughly 3%nabime, for taxpayers with income
greater than $75,000, where the vast majority of tax retdlaisn itemized deductions (SOI Table
2.1)® List (2011, Table 2) reports, from survey data across albine levels, that over 2/3 of
households donate to charity, and those who do contribudetabpercent of their income. Thus
a charitable contribution rate of 3 percent of householdnne, for all households in the sample,
seems an appropriate rule of thumb for our imputation, aislishwhat we assum®. Adding

up these four components we obtain a measure of itemizecctiedu TAXSIM then calculates
whether each household is better off taking an itemized cémiu or the standard deductiéh.
After running TAXSIM on the data, 49 percent of householdsun sample would have taken the
itemized deduction (96 percent of those with income abo\@EI00). According to SOI Table
2.1,in 2004, around 40 percent of tax returns claimed tmeited deduction (97 percent of those

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

ER19848, ER19854. 2003: ER23279, ER23285, ER23291. 20R87 %40, ER27246, ER27252. 2007: ER40415,
ER40421, ER40447. Since the question asks to report expesslincurred in the past two years, we divide the
household’s responses by a factor of two to arrive at anraimhates.

4’Seehttp://users.nber.org/ taxsim/taxsim9/medical _deduction.html

48For survey years 2001-03-05-07, the question is, respdytiER17052, ER21051, ER25042, ER36042.

49The exception is taxpayers with income above $10M, whosgtabé contributions exceed 6 percent of income.
However, our PSID sample has no observation in that incomgera

50In particular, these survey data show no sizable differemceoss income levels. For example, List reports that
forincome levels between $20,000-40,000, the fractioroefsieholds who donate is 0.58 with a contribution rate of 5
percent of household income. Thus, even for lower incomel$ea 3 percent average contribution rate seems correct.

51The standard deduction varies by marital status. For exanaipiring 2000-2006, for singles it grows steadily
from $4,400 to $5,150, and for married couples from $7,35811®,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 incometedgarthe PSID for each work-
ing household member with the employer’s share (50%) of #x#eFal Insurance Contribution
Act (FICA) tax, which comprises the Old Age, Survivor and &bdity Insurance (OASDI) tax
(or Social Security tax), and the Hospital Insurance (HX @isledicare tax). Incidentally, the
Congressional Budget Office (CBO) makes this same adjustwieen computing marginal tax
rates. For the years 2000-2006, the OASDI tax rate was 12a4fb the employer’s share half
of that) applicable up to an earnings ceiling which variedybgr. 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 nibtlinthe earnings subject to this tax.
To derive our measure of post-government income, we sulftcan gross income the entire FICA
tax liability. For consistency, we need to make an imputafar the corresponding gain in social
security benefits accruing to the household member becdube additional year of work (as
explained in the text we make no analogous adjustment foriddesl benefits because Medicare
eligibility is based on age rather than tied to lifetime @ags). We compute the present valiig;
of the extra social security benefits that individualill receive by working at agg relative to the
counterfactual wherédoes not work in that year, but where her past and the futureregs are
unchanged. We then ady}; to government transfers for that individual-year obseovat

This calculation is implemented as follows. For every indiial in the sample, we compute an
age-earnings profile conditional on gendeaind educatior (less than high-school, high-school
degree, and college degree) using a cubic polynomial injagall these functions,. (j). Since
we observe incomg,; for every individual only once at agg, our best estimate of age earnings
for this individual is

X hge (5°)
Gije = Y
7 hge () 77

Let Y; be the Average Index of Monthly Earnings (AIME) under theuasgtion the individual

works from age) until retirement age/™ = 35 (36 years, as in our sample), i.e.,

J'r‘et
- 1 1
Y; = 75" Aim
12 (Jret mz::Oy )




and let

_ _ 1 Yii
Y. =Y, — —. 2L
) 12 Jret

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

security benefit gain from working at ages:
Ty =12 [P (V) = P (Y;;)].

whereP is the formula that determines monthly benefits as a functidtiME, see the explanation
at https://www.ssa.gov/oact/ COLA/piaformula.html

The marginal gain to be imputed to post-government earrnigtfge present value of this pen-
sion gain discounted back to ageccounting for the fact that this additional pension incase

paid in every year following retirement age, conditionalsomvival:

1 4 s
i m
Ay = Syre—; | Tij E e Jret s
R Rm=

m=Jret
wheres; ,, is the probability of surviving from agg¢to agem (i.e., the probability of collecting at
agem), which is gender-specific and computed based on U.S. Lie$ In this calculation, we

assume thaf = 100, sos; ; = 0, andR = 1.04 annually.



APPENDIX B
This Appendix proves all the results in the main body of thegra

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

We follow the proof in Heathcote, Storesletten, and Viata(®2014), simplified by the absence
of risk-free bonds in the economy. Since the only securthies are traded are insurance claims
againsts shocks, without loss of generality we can think of our ecop@® an island economy
where each island is populated by agents indexed by thedt iinddvidual characteristi¢yp, s) and
their uninsurable wage component On each island, there are complete markets with respect to
g, S0 the competitive equilibrium allocation can be compwaedhe outcome of an island-specific
planner problem. Since agents on an island are ex antecdérikie planner weights must be equal
across agents. Moreover, since each island transfers eefmancial wealth between periods (by
assumption) and preferences are time separable, the-ispauific planner problem is static. The
island social planner’s problem, taking the aggregatelfigmdables(G, A, 7) and the skill price
p(s) as given, is

exp [(1+4 o) ¢] Lo }
max loge(e) — h (e + xlogG ¢ dF;
{c(a),h(a)}/E{ gel(e) 140 (¢) x1og

subject to the resource constraint

(B1) /Ec(s) dF. = )\/Eexp [(1—7) (p(s) +a+e)h(e) T dE..

It is immediate to see that all agents on each island consheneame amount. Exploiting this
perfect risk-sharing outcome, and substituting the resoaonstraint into the intratemporal first-

order condition (FOC), one obtains hours worked by indigldwith shock: on each island

1— 1 [(1=7)(1-2r—or) v,
log(l—7)— @+ Te (1=7)( T 07) %

B2) logh(e) =
(B2) logh(e) (1+0) o+T o+ T o+T 217

where the first term is hours worked by the representativatagad the term in the square bracket
is the constantM (v.; 7). Substituting (B2) into (B1) one obtains

T ; log(1—7) + (1 —7)[logp(s) + a — @] + M(ve; 7).

1
(B3) logc =1log A\ + 1



In the proof of Propositiod, we solve for\ as a function of 7, g) and other structural parameters

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

log(1 — 7)) .

T

+o0

I(1) = log A — <log(1 —g)+ 1

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

/4;71/’11’
14+1/4

nexp (—nk). Recall from eq(14) in the main text that the optimality condition for skill instnent

The education cost is given hy(s) = (s)"™/%, wherer is exponentially distributed; ~

IS

ds
The skill levels affects only the consumption allocation (not the hourscaltmn) and only through
the pricep (s; 7), which is fixed over time. Hence, using (B3), (B4 ) can be sifigal as

(f)i - 010ggs(8;7)

K
We now guess that the log-price function has the form
(B5) logp (s;7) = mo(7) + mi(T) - s,
which implies that the skill allocation has the form
(B6) s(k;7) =[(1—7)m(7)]" - k.

Since the exponential distribution is closed under scalgkijls inherit the exponential density
shape froms, with parametet = 7 [(1 — 7) m (7)] ¥, and its density isn (s) = C exp (—Cs). We
now turn to the production side of the economy. EffectiversauwrkedN are independent of skill

types (see Proposition 1). Aggregate output is therefore

Y:{/OOO[N-m(s)]Gelds}egl.

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

hour supplied by a worker with skil, or

(B7) logp(s) = log {%] = %logY - %log [N -m (s)]
= %log (%) - %logcjL %s.

8



Equating coefficients across equations (B5) and ( B7) impliér) = g = L which

1 n
0 [(1=)mi ()]

yields

©9) m(r) = () 70—

and thus

(B9) m (s) = ()" (11)%@ (— ()™ (f)) .

Similarly, the base skill price is

L (YN les(d) v
(B10) WO(T)—élog(N>—9(1+w)+9(1+¢)10g(1—7).

We derive a fully structural expression fag(7) below in the proof of Corollary 2.2 when we solve

for Y and N explicitly.

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

The log of the skill premium for an agent with abilityis

m(r) - s 7) = m(D) - (L= m()] k=1«

|3

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

premia are exponentially distributed with paraméterhe variance of log skill prices is

var (logp(s; 7)) = var (mo(7) + m(7) - s(k; 7)) = <g>2 var(k) = ox

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

Pareto. The scale (lower bound) parametexig 7, (7)) and the Pareto parametemis

B.4 Proof of Corollary 2.2 [aggregate quantities]

Aggregate hours and aggregate effective hours are givepectvely, by

H(r) — / / h(p, o 7) dF,dF.,
N(s;7) = N(r)= / / / exp(a + o), &:7) dFLdF,dF..



Using the expression for individual hours in Propositiomtl antegrating over the normal distri-

butions fory, «, ande gives

. 14+6)— 6.
H(r) = (1—1)% exp (W%)
g

N(r) = (1—7)T exp (W%) = H (1) - exp Gv) .

Aggregate output is equal to aggregate labor earnings

(B11)Y (1) = / / / / p(s:7) exp(a + £)h(p, e;7) dFydF,dFydF.

— [ptsm)ar N )

0

= e (m(n) N (),

where the last line follows from the fact that skill pricee &areto distributed with scalep(mo(7))

and Pareto parameter Aggregate labor productivity is

=E[p(s;7)] - exp Gve) :

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

the main text, we have that

0

Y = {/0 [N(T)-Cexp(—Cs)]eds}
(B12) = N(T%(%)ﬁ(n)_m (1;r)m.

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

i) = gy [0 () s+ (5.

which is the expression reported in Proposition 2.

B.5 Proof of Proposition 3 [efficiency withy = v, = 7 = 0]

With x = 0 there is no desire for the publicly provided good, and thesahsence of a private
market for this good is irrelevant. With, = 0 the absence of private markets for insuring shocks

to a is similarly irrelevant: such shocks are simply assumed/aRacall that there are competitive

10



markets for consumption, for the labor supply of each skikt, and competitive insurance markets
for shocks tae. Thus, giveny = 0 andv, = 0 and absent government intervention (i.e., with
7 = 0andX = 1), the first welfare theorem applies and competitive equilin allocations are
Pareto efficient and correspond to the solution to a plasmpecblem. We now derive the Pareto
weights such that the solution to the planner’s problemesponds to the competitive equilibrium
allocations. Here, we take as given a result that we’ll fdlynarove in Corollary 4.6: when the
weights the planner puts on future generations equals teet'agliscount factors, then social
welfare is equal to average period utility in cross sectidvioreover, absent uninsurable life-
cycle shocks, average period utility is independent of ddeus, the planner chooses allocations

c(p, K, e), h(p, Kk, €), ands(p, k, €) to solve

max///( 0, K, E {logc(%,i £) — exp [(1 +0)<P]h(% e, €)1 — (K)—l/w (st mg))lﬂ/w}andF@dFs

1+o 1+1/9

subject to

_6_

///0(80, ki, ) FrdF,dF, = [/OOO E(Z)%dz} &

where effective hours by skill typeis given by

:///h(g&,Ii,c?)exp(&)I{s(¢7n’a)zz}dFﬁdF¢dF€.

The first-order condition with respect to consumption is

C(p,k,€)
c(p, k,e) s

wherep is the multiplier on the resource constraint. The competigquilibrium consumption

allocation is given by

1 v,
loge(p, kye) = log)\+7r0(7‘:0)+7r1(7‘20)-s(/-c'7'20)—gp+—%
o
1 v,
= log A + mo(7 0)+gm—<p+—%

It follows immediately that the Pareto weights must takeftren

n
log ((p, k) = ghi—yvt@

11



wherew is a constant. Now the average Pareto weight must equal one:

/ / (g, K)AF,dF, =1

Thus,

//exp (gli —p+ w) dF,dF, = exp(w) /exp (gm) dF,

which impliesexp(w) = %* and thus

0
log ((ip, ) = 2 — p — log 7

Therefore, we have shown that given the candidate Paretghtgeithe planner’s consumption
allocation aligns with the competitive equilibrium alléican. We now verify that given the same
Pareto weights, the equilibrium allocation for skill int@&nt corresponds to the skill investment
rule preferred by the planner. To simplify the analysis, Wwsteact from flexible labor supply and
preference heterogeneity, so that agents are heterogeaelyuvith respect ta, and the planner’s

skill investment rule must take the forsix). Thus,

Y=N- U fs(z)%ldz} &

whereN is effective hours worked per capita afid-) is the density of skill type. Let F; denote

the unknown CDF for skills. We know that

By the chain rule

fs(s(r))s' (k) = fu(r).

v - N. Ooofs(z)‘%dz}l =N [/OOO <%)Gdzl

- [T () vea]

So




where the substitutions in the last line use= s7!(z) ands’(x)dx = dz and also exploit the fact
that the limits of integration do not change becasi$e = 0 ands(oco) = oo. Thus, the planner’s

problem can be formulated in Lagrangian form as follows:
max /C log ¢(k G ) sHl/w dF,
{e(k),s(k),8' (k),A.€(k)} 14 /¢

s [/ o otmtas] - f o)
+/O £(k) [s(/{)— (/0 (x )dx+8(0))}d/f,

where the first line is the objective, the second is the resmaonstraint, and the third is a set of
constraints linking skill investment levels and derivatv We know that(0) = 0. The first-order

conditions fors(x) ands’(x) are

_ (5 (“)) ; C(r)f(K) +&(R) =

K

AN—[/ Fulr)'7 S edm]ellﬂn)ee% )7 - /5

The last first-order condition can be rewritten as

7

WY 50T = [ e

and

Combining the two first-order conditions yields

1—-6

13 (37) - () conios

Now the planner weights and competitive equilibrium skiltestment rule withr = 0 are

log ¢ (k) = g — log (6/(6 — 1))

W
0= (2)7F
Substituting these into the first-order condition (B13)egiv

0\ T e ()
911(};(;)(%)) :/ (W> eXp@“bg(%))”exp(_m) t

13




which simplifies to

o=y (3

which is exactly productivity per efficiency unit of laborplied in the competitive equilibrium.
This can be easily verified by substituting eq. ( 24)#fginto eq. (28) for aggregate output. Thus

the planner’s first-order condition is satisfied at the elquiim allocation.

B.6 Proof of Proposition 4 [closed-form social welfare]

We prove this proposition in two steps. First, we show howaowe a closed-form solution for the
residual fiscal instrument. Second, we substitute the allocations into the socialaxeffunction

and show how to obtain eq. (30).

Step 1.1fwe letY = [y ~"di, we have

~(1-9)Y
(B14) )\_7}7 .

To computeY’, it is useful to aggregate by age group. L&t denote average per capita disposable

income for agents of age

yo = / y (5, 0,2, )] m (s) dsd F*dFdF.
- / [h(e)exp (p(s) + au + €)' m (s) dsdFedF,dFy.
Substituting in the hours allocation (20) the expressiatte skill price (22), the density function

m (s) in eq. (B9), and integrating, we arrive at

(%

Y =K x exp (—7‘(1—7‘)?0‘),

where

€ = e (had)en (L0002 (020042 )y )

e ok

X exp (—7‘(1 - T)%) exp [(1 — 7)mo(7)] /exp (1 —=7)m(7)s]m(s)ds.

14



Note that

/000 exp [(1 — 1) m(7)s] m(s)ds

0 S f—1+7
- 9—1+r/0 9 <eXp<_TCS)dS

9
0—1+7’

and recall that

mo (1) = - {1— [¢log (1 — 7) — logn — ¢ log 0] + log (%)}
(

M:

Now sum across age groups to obtain

Yy = (1 4)%5@?@ =Kx(1 —5)i5aexp (—7(1 —7) %a)
a=0 a=0

(1 —=9)exp (—7‘(1 — T)%)

1—dexp (#v» .

Substituting(B12) and(B15) into (B14) and simplifying, we arrive at a solution for the equilib-

(B15) = K x

rium value of\ which, in logs, is

T(l—=7) (140 Vs T
B16)log A = log(1l — 2 — log (1 —
( log og( 9)+ o+ T (U+T+ +U)2+1+a oz ( 7)
v
1—7)2
-

—10g(1—5)+7‘(1—7‘)%+10g {1—5eXp (#%)}

P T 1—17 1 T
+<1+¢)9—1log( 0 )_(1+¢)9—1bg7’

o+7—1Y\, 0 (01T
(s () e ()

Step 2.Substituting the equilibrium allocations into period iyilat agea > 0, we have

-
1+Ulog(1—r)—(1—7)gp

u(cq, b, G) = log A+

1—7 1 0
(B17) +(9_1)(1+¢) [¢10g(1—7’)+10g <Em>

1+o 1+o 1—7 n
— exp <_8(1—7')M) exp( = 6) <1+0) +(1—T)m5+xlogG+(1—T)oza

+M

15



The disutility cost from investing in education is

(B18) v (s(k)) = — G - s(k; 7')1+1/w =—(1-171) o
14+ 1/4 ’ (1+1/¢)0°
Average cross-sectional utility (excluding skill investnt costs) at age, which we denote byi,,
is
B = //// (Car h. G)dF,dF.dF ,dF¢
= (1—1) U—O‘
2
_ avy,
= u—(1—-7) 5
where
1—7 ) 1—7
=1 log(l—7)—(1—7)-2
u og)\+1 Uog( 7) — ( 7‘)2+(9_1)(¢+1)

l1—7 1-—7
14+0 0

+ xlog (gY")

and where the derivation of the expressionda@xploits the facts that

/exp (—Ali./\/l) exp (HTUS) dF, = 1,
o(l—r1) o
n 1—7
1— —dF,, = :
/( T)Ked " 7

Substituting in eq. (B19) expression (B16) foand (B12) forY” gives
log(1—7)

1

(B20) & = log(l—g)+x10gg+(1+X)<1+&)(1_T)_ (1i&)

9 .
(- 07)- )]y
+log (1_5exp (M%)) +(1+x)

1—90

Average skill investment costs for agents born after theeéorm are

=& [0 -] - ()50 -0

16



whereas average net costs for those born prior to the refeem a

Y 1=7 v o 1—74 Y 1
OTTre 0 1+v 0 __<ﬂ)5(7_“>'

Now we are in a position to add up across cohorts to computalseelfare defined as

755“’

Whlg.mim) = (=g 7s Z Y Uso(g,m571)
L v—ﬁé — . LR B ™o

where the second line partitions the population into cahbdrn before and after the tax reform.

Starting with the agents born after the tax reform,

g (1—Bo) "
Now
ﬂa:u—(l—T)a%'J
o)
o] . B 7 B B ,U_w ;
;W(S) Ua = 1— 36 (1 T) 9 {B5+2(55) +}
u Bo Uy
BT A T EAC Y
and thus

S T e L e L) Ve 7=B8
ST 6)2“]]_7(1—56)“ s ger T T a ™

Now consider agents born before the reform (the youngeshiftvare age 1 at the time of reform):
IR et LB~ Y SN el LI
A=D3GG 22 7% = =5
7B {(1 = BO) (@1 + (B0)ua + (BS)ts + ...) — Vo }
+y72(80)* {(1 — BS) (g + (B0) Uz + ...) — Vp} + ...

17



Adding the pieces here involvingandv, gives

gy
(1—V)m(u—%)-
The term inv,, is
Y —pBo Uy
(-7 * (- (-1 5) < (1-80) x

{( (1+2(B86) +3(86)* + ...) + (%)2 (24 3(B0) +4(B6)* +...) + }

B

- 5 ( 1 )§>X{%ﬁ+<%) (1_155+(1_1B5)2)+...}
i . 2 -
= (1_ﬂy)ﬂy7 x((17)2>x{(1_65)( _5) [(1155)4_(1(—276):]}.

Now we can add together the contributions to social welfawenfagents born before and after

= (19"

the reform. The two terms involving add up exactly tai. The terms inz7y and o, simplify to

give — (1—%1#) [(1 -7+ 2 ((11 /35)) (1—7_ )] The term inv,, is ——£% (1 — 7) %. Collecting

all these terms gives the expression for social welfare ap&sition 4. In partlcular, collecting the

terms inv,,, we obtain

—7(1—7)
[(17) po leog(15e)<p< ’ Uw))].
~ =352 1—5

Wheny = 3, the first term in square brackets simplifiegto- 7)-2-%. The second term can be

approximated as follows:

1-— 5exp <7_T(§_T) UUJ) k) v S v
~ 1 % 0 -n%) ~ra1- B
log( T og(1+1_57(1 7)2) 7(1 7)1_52

Adding the two pieces, we have

where the last equality reflects the fact thatis the cross-sectional variance of the cumulated
innovationsv, and thej in the numerator reflects our assumption that wage shocksestdizing

at agea = 1. We use this approximate result when we interpret the varcmmponents of social

18



welfare in Section V.B.. Note that this approximation isrertely accurate for plausible parameter
values. For example, when evaluatedsat= ~, the empiricalz¥® = 0.181, and the calibrated
valuesy = 0.971 andv,, = 0.003, the accurate and the approximated values for the welfasigifco

uninsurable life-cycle risk ar@ 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 in_; is additively separable from all the others containingndr .

4.2: Differentiating the expression for social welfare twicelwiespect ta, it is straightforward
to show that each term except the last one involving inser&bk is strictly concave in. The
term in insurable risk has a second derivative equal to

o— 27

(o +7)"
which is less than or equal to zeraif> 2. Thus,oc > 2 is a (weak) sufficient condition for global

—(1+x) (1+0)v.,

concavity of social welfare with respect to It is straightforward to verify that the social welfare
expression is concave in 4.3: Differentiating eq. (30) with respect tq the first-order condition
has no terms involving. Thus, the optimal choice far is independent of. 4.4: Differentiating

ed. (30) with respect tg, the first-order condition is

-1
1 ix_g

l—g g
which immediately gives the expression fgrin eq. (31 ).4.5: The parameten only appears in
an additively separable constant in eq. (30). Thus, thiamater does not appear in the first-order

conditions defining the optimal choices fpandr.

B.8 Proof of Corollary 4.6 [y = 3 case]

In eq. (29) wheny = 3, the constant term simplifies tof_;;s. Let E [u,] denote expected period
utility for newborn agents from consumption and leisuree Tontribution to social welfare from
newborn agents is then

1-4
1- 35

where(1 + 8 + 3% + ...) reflects the weights the planner puts on current and futurerte of age

(1-5)

1+ B8+ +..) (1—BOE [ug] = (1 — 6) - E [ug]

zero. Note thatl — ¢) is the size of the population at age zero. Similarly, the agemponent is
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given by

J

(1 5)1_55

(B H1+B8+82+.) - (1= ) - BOE[w)] = (1 = 8) OF [uy]

where the ternjl — 0) ¢ is the size of the population at age 1. And so on. Now we needrpate
how skill acquisition costs factor into social welfare. Edtion costs for the newborn and future

cohorts are

1—-9¢ 1—-9¢

(=) (14845 +.) Elols(w7).0)] = =55

Efv(s(r,7),5)]

If skill accumulation decisions are fully reversible, thet rskill investment cost for an agent of
type x given a new progressivity value and a past progressivity value; is v (s(k;7), k) —
v (s(k;7_1), k). Thus, withy = 3, the contribution to social welfare from net skill investnte

from cohorts who entered the economy in the past (aged, 2, ...) is

55 Z (55) (k5 7), k) — v (s(K; 1), K)]

Elv(s(k;7), k) —v(s(k; 7-1), K)]

(1-

Dz
0(1 = 5)
1- 36

Adding the two pieces, and ignoring the ternrin, since it is separable fromand thus irrelevant

for optimization, gives

Ev(s(k,7), k) = (%) 1;T

Adding up these various welfare components gives the egiomre$or social welfare in eq. (32).

B.9 Proof of Proposition 5 [efficiency in RA model]

We will prove this proposition for general CRRA utility withsk aversion coefficieny > 0.
The baseline model corresponds to the special gasel. Absent household heterogeneity, the

planner’s problem (for a planner with access to lump-suragpis

Cl—v Hlto ,YGl_V
Iril,lg,}((}{l—v_ 1+0+X 1—7}
such that
C+G=H.

20



The first-order conditions give the following solution

H* = (14 )7
G* X
H* 1+

*

g =

We now show that a planner with access only to the tax schedyl®) can replicate the same
allocations by setting = —y and\ = (1 + x)_l_v% . To verify this, consider the representative

household’s problem:

Cl—'y H1+a
max { — }

CH |1l—v 1+o0
s.t.
C=\H"".

with FOC

(AH'")"A1—-7)H T = H".
Substituting in the candidate expressions#@nd\ gives
H=(1+x)7 = H".

Substituting this expression for hours plus the candidapeessions for- and A into the govern-
ment budget constraint gives
G=H-\H"" =X _p
1+ x
sothatG/H = G*/H".

B.10 Derivation of welfare cost of between-skill consumptin dispersion

The skill-related component of consumptiqar(,s)l_T, is Pareto distributed with parametBr=
0/(1 — 7). If consumption is Pareto distributed with Pareto param&tethe expected value for
consumption isP?/(P — 1). Log consumption is then exponentially distributed, wipenential
parameter” and the expected value for log consumption . Let F,. denote the Pareto cumu-
lative distribution function (CDF) for this consumptiomdlet £, denote the Exponential CDF

for z = log c. The welfare costo of consumption dispersion (assuming logarithmic prefeesih
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can then be calculated as the fracttorby which safe consumption must be reduced to deliver the

same expected utility as risky consumption:

Og(P o) = funear,
LA Ry

P —
| log(1 — —
og(P 1)+og w)

P 1

Since in our economy’ = 0/(1 — 7) andw is small, is approximately equal to the expression
in eq. (36).

B.11 Proof of Proposition 6 [condition for optimal progressvity]

Assumey = (3 and approximate the sixth line of the social welfare expoesgeq. 30) by—(1 —

7)*%. Then the derivative of the social welfare expression vespect ta- is

OW(g,T;7_1) 1 Y 1 1 1 1 1
haAA R Kb VA N 1 _ - .
or =0 o 10— 1) U T Tggt T tgo g Tt

Itis immediate that this derivative is positive if and orfl{hie condition in Proposition 6 is satisfied.

B.12 Proof of Proposition 7 [inequality aversion]

We begin by computing expected utility (excluding skill @tment costs) for an agent with states
(K, p, ) prior toe being drawn. SubstitutingB16) into (B17) and taking the expected value of

this prior toe being drawn yields, after some simplifications:

k0, 0;9,7) = Cg,7) + (1 =) a—(1—7) o+ (1—7)2 (9,7)

0 1+o0
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whereC(g, 7) captures the components showing up in the log consumptlonation that are

common across all individuals

(1—7) ve
(U+T)2 (c+27+071) 5

1 o1
+(1+a+1+w(9—1))1°g<1_7)
1—dex M w
+T(17')%+T(17')U2g‘+log( ep( U>)

Clg,7) = log(l—g)+

2 1—-9

1 0 0 (0
R IR AN log(e—l) BRI

0—1+r71
+ log —

G(g,7) = logg+logY (1)

N T T AN VA
— 089 02 2 08 0—1

+ log ((1 — T)H%_%Tle> :

and where

Now, let’s add the net cost of skill investment:

U(H;T):{ [(1=7)— (1 —=7)] (1_1@)%:% .ifa>0

Next, we compute the value for constant consumption forévat, assuming equilibrium hours
and skill investment, gives an agent lifetime utility eqt@ivhat would accrue, in expectation, to

an agent with typéx, ¢, a; g, 7). Define the answer as

(k0,5 9,7) = exp (c<g,r>+<1—T>a—<1_T>¢+<1_T>gf€_<1_T>“§1f555)_

Now suppose that the contribution to social welfare fromdbleort of age: at the time of the tax

reform is an age-dependent weight times

1

—v 1—7
11/ a
Va(o.7) log(/// 0.V AEAFAEE ) = 1T G

[(1=7) = Tjasoy (1 = 721)] -

1+l ¢)
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Integrating the first term and rearranging yields:

Valg.r) = Clom) - (0= F (=) (=D (=) - 1)

The planner’s objective is

[e.e]

ﬁé v — B0 &
(B21) Wolg. ™) = (1 =) 0= 5 277" (0)"Ve ><1—v>m;m<m>

=1

Aggregating across cohorts usifig21) with v = 3 yields, after some manipulations, the expres-
sion in Proposition 7. To conclude, it is useful to explainMihes (4)-(6) in Proposition 7 measure
the cost of consumption inequality reflecting skit) differentials, preference heterogeneity, and
past uninsurable shocks. Defing as the solution to

o (/ exp (1= 7)) dF ) T gl /(0 — (1 )
whereexp|(1 — 7)n/0 - k] is the factor in consumption attributablet@ndd /(0 — (1 — 7)) is the
expected value for this factor. Given our exponential distion for x, w,, ~ log (1 — (1 — 7)/0)+
1/(v—1)-log(1+4 (v —1)-(1—7)/0). Similarly, for the welfare cost of consumption inequality

due to heterogeneity in the taste for leisure, line (5), @efinas the solution to

1/(1-v)
log ( [ew - dm) —log (1 + w)exp (1~ 7) (1 = 7) — 1) v,/2))

whereexp (—(1 — 7)¢) is the factor in consumption attributablegpandexp ((1 — 7) (1 —7) — 1) v,/2)
is the expected value for this factor. Given our Normal disttion for ¢, w, = —(1 — 7)%v - v, /2.

Line (6) in the welfare expression in Proposition 7 is ob¢gimnalogously.

B.13 Proof of Propositions 8-9 [median voter]

To understand Proposition 8, note that the preferred value for agent: obeys the first-order

condition

1 .1
(B22) y- = — . —.
g 1—-9 ¢
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The left-hand side is the benefit from a marginal increaskarshare of output devoted to publicly
provided goods, which, given separable preferences, iicdé across agents. The right-hand
side is the cost associated with a marginal increage iBincec; can be expressed agqg, 7) =
A (g)&(T) = (1 — g) Aei(T), where the termd and¢;() are independent af, the derivative of
individual consumption with respect tois (minus) the first term on the right-hand side of (B22).
The second term is the marginal utility of private consumpti

We now move to the proof of Proposition 9. Substituting tHeaationss (x;7), h (¢, &;7) ,

andc (¢, a, s; g, 7) into expected utility(7) yields

_ =7 SRy log(1 — 7) .
U = —mn+(1—56)E§(65) {logA(g,7)+W+M+(1—r) [aj—gpmﬂ
-7 1 0 1—7 l+o l+o
e o)) e g 157
+xlogG.

Now, suppose that the choice ofs made before observing Then, the term i becomes—}jr—;
(see the proof of Corollary 6.1). In addition,

(1-B8)ES (86 (1 —7)a;=(1—7) (a - ﬂ“—“) .

po 1662
Thus,
1 _
/U(%,s@,a,E;g,T)dFa = logk(g,f)ﬂt%ﬂw\/l

1—7 1 0
+(9—1)(1+¢) <¢log(1—7)+log (;7(9_1)(1%)))

1—7n 1—7
_Iﬁ;_
1+0 1+o0o

0 vy
+(1—-71) <a— 15;55%) + xlog G.

—1-7)p+

Recall that the baseline social welfare function is

log(1—17) 1—71 1 0
v, (1—-7) 1-—71
_(1_7)?+(1+w)9_1+a

0 Uy
—(1-=1) (7655%) + xlog G.
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Therefore, we can express expected utility, conditionaherstatd x, ¢, ), as

U(Kv(pua;gv7-> = W(977-> + (1 _T>_ -

B vy Bd v,
H1-=7) <7—55? 1 —55?)

+(1—7) <a—¢+$ﬂn).

Note thatl (k, ¢, a; g, T) is strictly concave irr, sinceW(g, 7) is concave in- and the additional

termsinU (k, ¢, a; g, 7) are linear inr. We need to determine the median voter. A useful property

is that the three individual statés, a, ) enter as a linear combination. Let

1
I+

The median voter is the agent with the median valuecfdincea andy are normally distributed

r=o—¢-+ g,‘i.

andx is exponentially distributed, the random variablfllows 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 ultetiworkers. This is needed to
evaluate the probabilities that consumption of skilled anskilled parents exceed the threshald
These probabilities are in turn inputs to the transitior§,0$ee equation (46). Consumption of a

skilled person is

loge = log)\(f)+1;;10g(1—7')+(1_7)(5;3)7—_07-]%%—(1—7') [log p(s) +a — ¢
= log)\(£)+1;;10g(1—7)+(1_7)(5;3)7—_07-]%—1—(1—T)[oz—g0+7r0+7rls]
= C(rn,H)+(1—-1) [a—apjtg/-cjtwo )

where) (¢) is defined below and the constaii{r, £) is defined as

Tlog(l—7‘)+(1_7)[1_27-_07-]%

C(T,f):log)\({’)+1+o_ (c+71) 2

Moreover, the random variabte— ¢ + 7« is distributed according to an Exponentially Modified

Gaussian distribution with an exponential parameétend Gaussian parametélﬁsé (Vo +vy) , Vo + v@) :
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The probability that the child of a skilled parent will becemnskilled is therefore

Pr(c < ¢|skilled) = Pr (a —p+p(s) < me=Cné) 7T0>

1—7
n IHQ—C(’T,S) _ﬂ_o) )

- P - 1
r(a g0+9/<a< -

Consumption of an unskilled person is

Inc (o, ¢,8) = logA (&) + 1+;log(1 —7)+ (1 _T><E;T2)T_UT]%

= O+ 1 —-7)]a—p+Inuw]

+(1-7)]a—p+nu

The probability that the child of an unskilled parent will tieskilled is

Pr(c < clunskilled¢) = Pr(C(r,§)+(1—7)[a—p+Inw| <Ilnc)
B 1 Inc—C(1,§) Vg +
N q)<w/va+vw< 1—7 ~lnw+ 2 S0))

where® is a c.d.f. of a standard Normal distribution.

B.14ii. Calculating A\(&)

Recall that effective hours worked is independent of the skill level. Aggregate output pereffe

tive hour worked is therefore

Y Y Ys
R Y

= w+(1-¢)

71 - exp () -

DefineY asY = [y "di. Budget balance an@ = gV then impliesA = (1 —¢)Y/Y. To
computeY’, it is useful to aggregate by age group. &t denote average per capita disposable

income for agents of age
= [y ouz0) " m(s) dsdF2dE,dF.
= ¢ / [h (g, ) exp (ap + ) w]' " dFdF,dF.
L1—¢) / (1 () exp (p (5) + g + &))" m (s) dsdF dF,dF.

_ (5 (W)™ + (1 ¢) / lexp (1= 7) (mo + m3))]"~" m (s) ds) / (h (e, 0) oxp (0 + )] dFdE, dF..
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Substituting in the hours allocation (20), the expressaoritie skill price (22), the density function

m (s) (B9), and integrating, we arrive at

lnf/a(g):E—T(l—T)%ﬂLln f(M)I_T+(1_§)eXp((1_T)Wo)ﬁ ’

where the constani, common for all cohorts, is defined as

il NS RS G VY

[ —
1+0 2

whereM is defined in Proposition 1. Now sum across age groups torobtai

0

Y(€) = (1=0)) 0V =exp (L) x [é(w)l_”r(1—5>6Xp<<1_7)70)m

a=0
0
[a3

(1 —9¢)exp (—7‘(1 — T)%)
1—dexp <$vw> .

Substituting (B12) and (B15) into (B14) and simplifying, esive at a solution for the equilibrium

value of A which, in logs, is
ImA(E) = In(l—g)+mY —InY
B In(l—7) 7(1+6)+d0.
= ln(l—g)+ln[§w+(1—§)9_1-exp(ﬂo)}+ e + 5 5}

1—7 v, (1—=—7)1-7(140))uv.
_(1+Uln(1—7)—7(1—7)?—|— = 5)

e ()4 (- e (L ) =]

0—1+4+71
0 (1 —
—ln(1—5)+7(1—7)%+1n (1—5exp (#vw))

It follows that the model with unskilled workers and investmh constraints changesrelative to

its equivalent in the benchmark economy analyzed in SexlibrVI., i.e., Ag,s, as follows,

) -1\ w + (1) - exp ()
R (5 W)™+ (1 &) gt exp (1 —7) m) |

Note that\ (0) = A\pm-

28



B.14iii. Social welfare in the presence of investment constints

Consider now the expression for social welfare when theesbhunskilled.£;, is changing over
time. It is convenient to express social welfare by addinguent utilities, appropriately dis-

counted, at each point in time;

(1—=7)(y—89) = t 0~ t—1 1- t—2 2
~(1 — B6) ; (7 (BO) oy + "7 (B6) try + " 7(B0) gy + )

W (g, 7:{&}i0)

-1

=Y A=) r—(1=&) > (86w

t=0 Jj=—00
where,; denotes the expected current utility (excluding the edocatosts) of an individual
who isa years old in period. The last term captures the education costs of the indilscalave
at the time of the reform. Recall that education costs afg felversible, so we can ignore the
investments these individuals made before the reform. Mwtethe age component af,; does
not depend org; and is therefore time invariant. We can therefore expreasat,; = u; + u®,
whereu® = (1 — $0) (1 — 1) ju, /2 (see the proof of Proposition 1). It follows the¥ can be

expressed, after some algebra, as

. 00 _ = ¢ U Y 56
W(Q,T7 {gt}t:0> - <1 _7>;7 1 _55 N ) 2 v = B(S
Bs - B -7
(v S = o ) =53)"

We must now calculate expected period utility excludingaadion costsi;. Recall that the current
utility — excluding the investment cost — for a skilled ageiith state(x, a, «, , €, £) is Recall that

the current utility — excluding the investment cost — for dlel agent with statéx, a, o, ¢, £, ) is

Y 1—7
= 1 — —
u(cq, by G) X <lng+ n(N) —|—lnN) +log A + 1+Ulog(l )

— (1= 7+ (1 - 7) g — exp (—%M) exp<1;‘%) Ei;;iw\/l

+(1—7‘)/~€g+(1—7')7r0,

The utility for an unskilled person is the same, except thatiast line is replaced byt — 7) In w.

Take the cross-sectional expectation ovéf,, h, G) W.r.t. ¢, ¢, anda, in equation (B23). The
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first two lines of the welfare then become

1 1 :
XIng+xn (iwﬂl—&)@ﬁ ~exp(7ro)) +x(1+aln(1—7)+—( J:;Hm;) +log A
L—7 1 - Uy + Vo,
+1+010g(1—7) 1+O’+M (1-7) 2

Now take the expectation overin equation (B23), which implies that the third line yields

1—71

7

E{(I—T)ng+(1—7)wo} =(1—-7)m+
Calculate now the cross-sectional utility cost of skilladastment:
Ef-v(s(m7))} = ———5(1—7)

When adding up current utility across generations, the terta — 7)°v,, /2 becomes, as in

Proposition 3,

—7(1-7)
_[(1_7) 85 Uw_log(l—éexp<2 vw))}
v —po 2 1—9

It follows that social welfare can be expressed as

. ) o N = t Uy . o U_"J 55
Wi, m:{&h=,) = (1 7);71 1-7) 25— 36
B3 S 1-9) ¢ 1-7
(7(1‘50 2 _&) A—po1+v 6
where
i, 1-
11L56 = ln(l—g)+xlng+(1+x)1ialn(1—7')—l_l_;

T(14+6)+ 6.

_a _7)2@ “In(1-48)+n (1 _ Sexp (#%D

F 40 g+ (1 8) 52 o ()

—In {gt (w)' ™"+ (1= &) exp ((1 —7) m) ﬁ]

+(1-&) (1 —71) (71'04—%) +&(1—7)Inw,
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Note that, as in the benchmark case, the public good provisaoes not interact with neither

nor &, so it will not matter for the optimat. With v = S the welfare expression simplifies to

B S e qm S e ¥ 1-T (-5 N N
W = 1_65;BU(&) (1 7—)1_52 1+ 0 (1—6&( —%+( ;7 S gt)

_ (1_5) - t— v o 1—7
= (1— 59) [;BU(&)_<1_§O+ 1_ Z’Y _§t>m 0

For each possible, we solve numerically for the sequengg},”, and the associated social wel-
farew.
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APPENDIX C

This Appendix provides additional detail to Section Vlih the main paper. We begin by
describing the construction of the data set, and next weeptes sensitivity analysis for our re-

gressions.

C.1 Cross-country dataset construction

Tax progressivity. The Andrew Young School World Tax Indicator (WTI) databasedrew
Young School of Policy Studies, 2010), contains measurggerfonal income tax rates and tax
progressivity for 189 countries during the period 198120@r many countries data are miss-
ing in the first part of the sample). The enclosed documemntagtates that tax rates adjust for
allowances/deductions, tax credits, significant loca¢$eend other main rules of the tax code. For
each country-year paik, t), the dataset reports an index of marginal rate progressibRPf),
i.e. the slope coefficient from regressing marginal taxsratethe log of gross income. Recall that
inour model MTR (y) =1— X (1 —7)y~ 7, thus using the approximatidog (1 — MTR (y)) ~
—MTR (y) reveals that this slope coefficient approximately equals

The data also contain average and marginal tax ratg=at 3y, andy wherey is average per-
capita income. Thus, we can also estimate exactly the pagami our tax function for country

c attimet as

1 — MTRES (y)

1—ATR¢ (y)’

and averaging over the four levels pfvailable, we obtain an estimate gff. Since information

(C1) 7 (y)=1-

on marginal and average tax rates below average income dstasmlculate the\/ RPf index,
but it is not available in the public data, and thus we canrset iti for this alternative strategy,
the M RPf index is a more comprehensive measure of progressivitysaittieione we use in the
baseline regressions below. The correlation between therteasures i8.92 and significant at 1
pct level, and our results are robust to using the altere@&stimate of; as we show below.

The crucial feature of these data is that estimates of pssg/igy are comparable across country

since they are computed with the exact same method and sofaila sources.

Proxy for y. The parametey directly determines the government expenditure sharetpiubu

g = G/Y, equal tox/ (1 + x) in the model, so use this variable as a proxy for Data on
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government consumption as a fraction of GDP come from then Réorld Tables version 8.1
(Feenstra, Inklaar, and Timmer, 2015). We use the sharew&rgment consumption at current
PPPs (variable nameshg). From the PWT, we also obtain country GDP and population¢civh

we use to construct our weights in the regressions.

Proxy for #. From the model, we know thdtis the Pareto-Lorenz coefficient of the income
distribution. The World Wealth and Income Database (Aldaret 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 rigk,, v.)
and of preference heterogeneity determine income inequality, over and above the role played
by 6. Measures of cross-sectional gross income inequalityremetore good proxies for the size
of these variances. The most comprehensive cross-couataget on income inequality is the
Standardized World Income Inequality Database (SWIID)t(2616) which contains estimates of
Gini coefficients for equivalized household market incomelf73 countries going back, for some
countries like the United States, all the way to 1960. Tha de¢ available at http://fsolt.org/swiid/.
Each country/year observation has 100 different estinfatethe Gini that reflect the degree of
uncertainty in estimates and imputation procedures: floesé we construct an average and use
the average as our estimate of Gini for that country/year pai

The income distribution in our model is Pareto-LogNormad, iit is a lognormal distribution
with a Pareto upper tail. Griffiths and Hajargasht (2013)vjate a closed form expression for
the Gini coefficient of such distributio(’GP‘LN) as a function of only two parameters, the Pareto
coefficient ¢ in the model) and the variance of the lognormal distribuioe: v, + v, + (ITT”) ? Ve

in the model):

p_n  2exp(0(6—1)v) v v
GP-IN — p%_l @((1—29)\@>+2®< 5)-1

where® is the cdf of the lognormal distribution. Thus, given our nty-specific estimates for the

Gini and forf, we can recover.
In our main analysis, we start the sample in 1990 for two nesis@) in the earlier years many
countries have missing data, and (ii) we can include the tt@snin the Eastern block in all our

analysis. The last year of the sample is 2005. Once we mdrpeahformation together, our final
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TABLE C1: Empirical determinants of progressivity across caaatr

1) ) 3) “4) ®) (6)
T T T T T T
GIY -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 0.08671 0.132** 0.0900**
(3.30) (5.26) (3.68)
0 0.285** 0.251** 0.0274
(8.62) (8.18) (0.80)
62 -0.0551+** -0.0455** -0.00340
(-8.79) (-8.37) (-0.53)
1% 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. R? 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 iargest configuration that includes data
on progressivity, inequality and government consumpti@re of output. The number of countries

grows from 65 in 1990 to over 103 in the latest years, and 18&8tties are present for at least one

year. The median number of observations per country is 1d dakaset includes 351 country-year
observations in its smallest configuration that also inetudata on Pareto coefficients, and thus
exogenous variances of incomegi.e. 26 countries per year, most of which are present fot@ll

years.

C.2 Sensitivity

In Table C1 we report the counterpart of Table V where, irstddhe marginal rate of progressiv-
ity, we use the measure oin equation (C1) as our dependent variable. As clear frommgemison

of the two tables, results are very robust.

C.3 Theoretical counterparts to the empirical regression oefficients

We now describe how we compute the theoretical analoguéaégression coefficients reported

in Table V. We start with our baseline expression for socialfare, eq. 30. Recall that for
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each country-year in the data we observe government pweshas a share of outpujy, the
variance of the normal component of earnings, and the Pareto coefficierd;. The theoreti-
cal expression for social welfare instead involves thecstimal parametersy, vy, v,, ve, 0) . We
use the optimality condition for government purchagess x/(1 + x) to translate the sensitiv-
ity of optimal progressivity with respect tg to the implied sensitivity with respect tgf. Since
we do not have country-specific empirical counterpartsvoforv,, or v. we will assume that the
ratios of these variances & are common across countries, and equal to the ratios impiied
our calibration to the United States. L&f, J, andd. denote these ratios, where, for example,
O = Vo) (Vo + vy + (14 6)? 6%)v.. Given (v,)f = 3475, (v,)0 = 6,5, (v); = 0.5, we can
compute the sensitivity of optimal progressivity with resptouv;.

Differentiating eq. 30 with respect to gives the condition that implicitly defines optimal

progressivity, as a function of structural parameters:

F(1—=171),x,0,v,0,1) =0

where
_ __ —(0+x) 1 v ! v
FA=moxbved) = qrgn—n e - U Vage-na-n T
: 1
T e

+<@_TN%+ﬁ@_<L41—ﬂwa+n%1+m&>@

(0+1)=(1-7)°
Using the implicit function theorem, we can compute the th8oal sensitivity of progressivity

T with respect to the variance of the normally distributed poment of earnings :

dr - d(1-7)
dv dv
2
B (1= 7) (6o +8,) = 7 (0 + 1)* 524,
(14+x) (l 1 1 (=2740) -
o) (=72 + (1 + X) 0F9) (6=1) (1=—)? + 0—(1-7))? + (((5a + 5¢) + (o) (1 + 0')2<1 + X)5€> U

Evaluated at our calibration to the United States, and avah&e forr that is optimal given
that calibration(0.084), this derivative is equal t0.175.
Now consider the sensitivity of progressivity to governtamrchases. By the Chain Rule,
dr drdxy dr 1
dg — dxdg  dx(1-g)*
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Using the implicit function theorem to compui@d;—ﬂ gives

dr dl—-7) 1
dg dx (1-g)?
1 " 1 (0+1)2
1 S (o) (1-7m)  (0+)e-1) (-7 T(0+T)3U6‘E

1—9¢)%_ 1+ (L4x)y 1 1 (=27+0) =
(1=g) ot oy e 1 o T ((5a +0,) + 2R (L4 o) (1 + x)és) v
Evaluating this expression at our baseline parameter salnd aty = 0.189 andr = 0.084,

we finddr/dg = —0.690.
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APPENDIX D: ADDITIONAL MATERIAL

D.1 CES skill aggregator in our model versus Benabou (2005)

Our paper studies optimal taxation within the class of iogdr tax functions in eq. (1) in the main
text, assuming a production technology with a constantieisof substitution between different
skill inputs. As discussed in the main text, Benabou (200B52 studies optimal taxation within
the same class of tax functions and he too assumes a CES poodiumction over various skill
inputs. However, as it turns out, the link between the oplittaraprogressivity parameterand the
elasticity of substitution between output from differekillsypes, 0, is quite different in the two
models. In our model, the optimal progressivitis hump-shaped ié: rising iné for low levels of
0 and falling iné for larged (see Figure 2 of the main text). In contrast, in Benabou (22005),
the optimal progressivity falls monotonically with the gtigity of substitutiord. We now explain
why the link betweer andr in Benabou (2002, 2005) is so different from the link in oupga
Consider the formulation in Benabou (2005). Sectidhof his paper develops an extension
of the baseline model to a case in which skills are aggregatadCES fashion to produce a final
good. Equation (30) in his paper describes this technologgduilibrium, with constant labor
supply). Note that the distribution of agents across whagbels “skills”, ¢ (i), is uniform by

assumption. Re-expressed in our notation, his technokgy i

%: (/Ol[k(i).g(i)]gdi)ﬁy

whereg (i) = 1 andk(7) is human capital of individual

Contrast this to our baseline production technology (ous)eqvhich is

v ([ vt i ds)xl

wherem(s) is (in equilibrium) an exponential distribution. In our me&dkill is a choice and due
to the cost of choosing a higher skill, the equilibrium disition of skillsm (s) has density falling
with s.

These two technologies may appear to be very similar, bw#tyeghe two models work is quite

different. In Benabou’s model, the distributigf:) is exogenous and uniform, and progressivity
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effects the distribution of(7). Given a uniform distributiory(z), productivity is maximized when
human capital is evenly distributed, which calls for pragiee taxation in his model. Moreover,
this force is larger the smaller s

In our model, in contrast, effective houl§(s) (our formal analogue to Benabou’s human cap-
ital) are, in equilibrium, equal across skill types. The waywhich the tax system impacts the
distribution of effective hours by different skill typeshy affecting the shape of the distribution
m(s). Now the more progressive is the tax system, the more ckdtewards zero is the distri-
butionm(s), since agents do less skill investment, and high skill tygresmore scarce. Because
a uniform distribution form(s) maximizes productivity, progressivity is therefore protivity-

reducing, and this force is larger the smallef.is
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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 utilitaojtimum with valued
government expenditures, and to the utilitarian optimuremwovernment expenditures are not
valued(y = 0). Right panels: Utilitarian optimum compared to the optimieama planner with
more inequality aversion that the utilitarian plan(er= 2) and for an inequality-neutral planner

(v =0).
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D.3 Comparison between fixed and flexible skill investment natels
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FIGURE D3: Optimal degree of progressivity as a function of the generational weighin the
fixed investment model and the baseline flexible investmertteh
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