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1 Introduction

In deciding how progressive to make the tax and transferesysgovernments 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 fromdifele earnings shocks into consump-
tion indicate limited private risk-sharing (e.g., Cochea991; Attanasio and Davis, 1996). Per-
haps more importantly, there are no private markets to hagdgmst poor “initial conditions” that
translate into low expected future earnings. A progressixesystem offers both social insurance
against labor market uncertainty (e.g., Eaton and RoseB0;1¢arian, 1980) and redistribution
with respect to initial conditions.

At the same time, governments are hesitant to push proygityssio far because of the asso-
ciated distortions to labor supply and skill investment. ak schedule with increasing marginal
rates reduces both the returns to working more hours ancetbens to acquiring human capital
(e.g., Heckman, Lochner and Taber, 1998; Guvenen, KurasclQzkan, 2014). Moreover, if the
equilibrium skill premium responds to skill scarcity, a raq@rogressive tax system, by depressing
skill investment, may create more inequality in pre-tax egghereby undermining the original
redistributive intent (e.g., Feldstein, 1973; Stiglit38R).

An additional factor impacting on the optimal degree of pesgivity comes into play when the
government provides goods and services that are valued dmeholds but cannot be purchased
privately. Individuals do not then internalize that, by Wiolg more hours or acquiring more skills,
the associated additional output allows the governmenigply more public goods. This increases
the social cost 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 desdrdbove. The environment is an exten-
sion of the partial insurance framework developed in Heat#hcStoresletten and Violante (2014).
The economy is populated by a continuum of infinitely livedibeholds that choose how much to
consume and how much to work, and which face idiosyncratiorlanarket shocks of two types.
Some shocks are privately insurable and do not transmittswaption, whereas others remain
uninsurable in equilibrium and induce consumption valgtilIndividuals are heterogeneous ex

ante with respect to two characteristics: learning abdityl disutility of work effort. Those en-



dowed with higher learning ability invest more in skills@rto entering the labor market, and more
diligent individuals work and earn more at every skill levAh aggregate production technology
with imperfect substitutability across skill types detaras the marginal product and equilibrium
price of each skill type. The resulting equilibrium incomstdbution features a Pareto tail whose
coefficient is exactly the elasticity of substitution agakill types in production.

The government uses a nonlinear income tax and transfegrsytst provide social insurance
and to finance publicly provided goods and services. Acogrth this tax system, net taxes as a
function of individual earningg are given by the functiof’ (y) = y — Ay'~", where the parameter
T indexes the progressivity of the system (we discuss thssaatax and transfer systems in detail
in Section 2). In addition ta, the planner also choosaswhich determines net tax revenue and
thus the share of outpytdevoted to public goods.

Because the model is tractable and parsimonious, we carededlosed-form expression for
social welfare as a function afandg and the (six) structural parameters of the model describing
preferences, technology, and households’ access to @eaisumption insurance. Each term in
this welfare expression has an economic interpretatioreamubdies one of the channels shaping
the optimal progressivity trade-off discussed above. \Whik expression in hand, we ask what
degree of progressivity would be chosen by a benevolent planner.

The planner’s desire to provide social insurance with resfoeprivately uninsurable idiosyn-
cratic productivity shocks calls for a positive value forand thus marginal tax rates that rise
with earnings. Similarly, initial heterogeneity in inndéarning ability and preference for leisure
translates into consumption dispersion that a utilitapimner would like to counteract via a pro-
gressive tax and transfer system. However, the plannersitadhels that the more progressive taxes
are, the lower labor supply and skill investment will be, wehthe respective elasticities with re-
spect tor are governed by the Frisch elasticity of labor supply andiégree of complementarity
between skill types in production. In addition, the pregent valued government expenditure
constitutes a force toward regressive taxatior:(0).

After qualitatively inspecting these channels, we ingzgt their relative quantitative impacts
on optimal net progressivity. The model yields closed-f@miutions for the cross-sectional (co-
)variances of wages, hours, and consumption. Exploitiegetinpirical counterparts of these mo-

ments from the Panel Study of Income Dynamics and the Constrpenditure Survey for 2000-
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2006, we estimate the structural parameters determinegelative magnitude of the forces at
play and perform a quantitative analysis. Our findings iatii¢hat a utilitarian government would
choose less progressivity than is currently embedded itUtBe tax/transfer systein The opti-
mal value forr* is 0.062, which implies an average (income-weighted) marginaltarsfer rate
of 24% compared with the currerl%. Switching to the optimat* yields welfare gains on the
order of half a percent of lifetime consumption. Endogeniabsr supply and endogenous skill
investment play quantitatively similar roles in limitingggressivity, and in the absence of either
one of these channels, optimal progressivity would be suftisily higher.

We consider a range of sensitivity analyses and extensianéurther illuminate the economic
forces determining optimal progressivity. When we mutedésire for redistribution in the social
welfare objective function to isolate the insurance maqtitie optimal tax/transfer system is close
to a flat tax set at9% of income. The logic is that although progressivity doesasca substitute
for missing insurance against life-cycle productivity sk, it also depresses labor supply and skill
investment, which are already inefficiently low in the praseof publicly provided goods. These
forces almost exactly offset each other and lead to a prigpaidttax. If government expenditures
are not valued by households, one of the key forces towagiessivity vanishes, and the optimal
degree of progressivity becomes similar to that in the atiua. system. Progressieensumption
taxation offers more efficient insurance with respect tetimhe productivity shocks than progres-
sive earnings taxation because consumption is indepentith@ insurable component of earnings
fluctuations that, ideally, the planner wants to leave undisd. Finally, if existing cohorts cannot
modify their skill levels after labor market entry, the phem prefers more progressivity than in our
baseline (reversible investment) model, since the planaerthen redistribute without reducing
skill investment in the short run.

Our paper contributes to the Ramsey-style literature thagstigates the determinants of opti-
mal progressivity in heterogeneous agents incompletéatmeconomies. A closely related study
is Benabou (2002). Common to both models is the absenced# imanon-contingent bonds (an
assumption in Benabou’s model, an equilibrium outcome mspwvhich helps deliver analytical

tractability. We also adopt the same specification for tkéransfer function. Key elements that

1By “current” system, we mean the one that was in place unélmniid-2000s. Recent fiscal measures (e.g.,
extensions of Ul benefits and the sunsetting of the Bush tes} bave increased progressivity further.



differentiate our framework are our multiskill productitechnology, the partial insurance struc-
ture, heterogeneity in the taste for work, and the presehealoed government-provided goods.
These elements allow us to make closer contact to microatatdo analyze new forces shaping
optimal progressivity that turn out to be quantitativelypiontant. Benabou also postulates a differ-
ent model for human capital investment, in which goods an@jaut, which allows him to explore
how education subsidies relax credit constraints.

Other influential studies in the literature are Conesa andceler (2006) an@. Our environ-
ment is richer than those papers along some dimensions(pnefe heterogeneity, valued gov-
ernment expenditures, policy effects on skill prices) arderstylized in others (notably, the fact
that wealth is in zero net supply). Relative to these pajleeskey advantage of our framework is
that it is tractable, and thus the mechanics of how progriggsiffects allocations and welfare are
transparent.

Our normative analysis, in the spirit of Ramsey (1927),rretst the search for optimal pro-
gressivity within a given class of tax/transfer schemese Whrrlees (1971) approach to optimal
taxation is built on a different foundation. Rather thantptaing an exogenously restricted set
of instruments, the goal is to characterize the fully optitaa system in the context of an in-
formational friction that prevents the planner from dihgdbserving individual productivity and
thus rules out productivity-type-specific lump-sum taxekmssic examples of this approach, with
guantitative applications to the U.S. economy, are Sae2l(Pénd Diamond and Saez (2011).

Although the Mirrlees approach allows more flexibility iretidesign of the tax system, the
problem of solving for constrained-efficient allocationscbmes quite difficult outside simple
static environments. Researchers have only recently pocated persistent labor productivity
shocks (Farhi and Werning, 2012; Golosov, Troshkin, andvifski, 2012; Gorry and Ober-
field, 2012), human capital accumulation (Stantcheva, RG®I imperfect substitutability across
worker types (Rothschild and Scheuer, 2013). Our model dmbé of these ingredients, yet
remains tractable. The cost we pay is that we exogenoudlyatabe set of tax instruments avail-
able to the planner. However, we will argue that our paraimspecification is sufficiently flexible
that the potential welfare gains from moving to a fully norgraetric tax schedule are likely to be
small.

The rest of the paper is organized as follows. Section 2 pteseir tax function and discusses
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its properties. Section 3 describes the economic envirohnection 4 contains a characterization
of the equilibrium allocations in closed form. Section 5v&sl analytically for social welfare as a
function of the fiscal policy chosen by the government (pesgivityr and public spending) and

as a function of all other structural parameters of the mo8ektion 6 calibrates the model and
explores the quantitative implications of the theory foae thptimal degree of progressivity. Sec-
tion 7 contains four extensions: a politico-economic asialyprogressive consumption taxation,
transitional dynamics, and the introduction of skill biasthe production technology. Section 8

concludes. All proofs are in the Appendix.

2 Tax function

We study the optimal degree of progressivity within the glastax and transfer policies defined
by

T(y)=y— Xy (1)
This class has a long tradition in public finance, startirmgrfi=eldstein (1969). More recently,
and Benabou (2000, 2002) introduced this class of policiesdynamic macroeconomic models
with heterogeneous agents. The parameteetermines the degree of progressivity of the tax
system and is the key object of interest in our analysis.

We can see why is a natural index of progressivity in two ways. First, eg.i(dplies the fol-
lowing mapping between disposable (post-government)regsy; and pre-government earnings
Yi -

g =My T 2)
Thus, (1 — 7) measures the elasticity of post-tax to pre-tax incém®8econd, a tax scheme is
commonly labeled progressive (regressive) if the ratio afginal to average tax rates is larger
(smaller) than one for every level of incomg Within our class, we have
T (y:) _1=AA-7)y;"
Tl) v 1-Ay7

2?2 refers tol — 7 as the coefficient of residual income progression. As disetisn Benabou (2000), it has
been proven that the post-tax income distribution indugedrie fiscal scheme Lorenz-dominates (i.e., displays less
inequality than) the one induced by an alternative scheovea(f pre-tax income distributions) if and only if the first
scheme’s progression coefficidit— 7) is smaller everywhere . See, e.g., Kakwani (1977).

3)




The caser = 0 implies a ratio of one and yields a flat tax ratelof A. Whenr > 0, the ratio in
eg. (3) is larger than one and the tax system is thereforagseye. Conversely, when< 0, the
tax system is regressive.

Givenr, the second parametey, shifts the tax function and determines the average level of
taxation in the economy. At the break-even income lefek M- > 0, the average tax rate is
zero and the marginal tax ratess If the system is progressive (regressive), then at eveynme
level below (above)’, the average tax rate is negative and households obtainteanster from
the government. Thus, this function is best seentas and transfeschedule, a property that has
implications for the empirical measurementrof

Let g denote the fraction of output devoted to government expereli Assuming a balanced

budget, the average income-weighted marginal tax ratesrsshmply

/T’(yi)(%)dizl—(l—r)(l—g). (4)

From eq. (4) it is immediate that when= 0, the average income-weighted marginal tax rate
is exactly7.® Holding fixed g, the average marginal rate is increasingrin Holding fixed 7,
the average marginal rate is increasingyjrsince increasing net tax revenue while maintaining

progressivity necessitates higher tax rates across tbenadistribution.

Empirical fit: We now demonstrate that this functional form offers a reralik good rep-
resentation of the actual tax/transfer scheme in the UrStiates. We use data from the Panel
Study of Income Dynamics (PSID) for survey years 2000, 2G4, and 2006. We restrict
attention to households aged 25-60 because we focus onitatmne, and because we want to
abstract from the intergenerational dimension of redistion between the working-age popula-

tion and retiree4. Pre-government household income includes labor earnjpgsate transfers

3Budget balance required” = [y; — \y; " di. The income-weighted average marginal tax rate is then
—T Yi . 1—-7 s
/[1—)\(1—7)yi ] (?)dz— 1—(1—7)/Ayi 1/Y)di =1-(1-1)(1—g).

4The rest of the sample selection criteria are the same asatheigte, Perri, and Violante (2010). In particular, we
require a positive lower bound on annual hours worked (hat,either the head or the spouse works at least 260 hours
per year or one quarter part-time) because we will estimaté® in log form. The choice of the period 2000-2006
is motivated by the desire to use recent data while acknajingdhat government transfers to U.S. households were
abnormally large during the Great Recession.
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(a) Statistical fit on U.S. data (PSID 2000-2006) (b) Implied average and marginal tax

Figure 1: Representation of the actual U.S. tax/transfetesy through our tax/transfer function.
The estimated value of’* is 0.151.

(transfers include alimony, child support, help from rigla$, miscellaneous transfers, private re-
tirement income, annuities, and other retirement incorae(l, income from interests, dividends,
and rents. Post-governmentincome equals pre-governmearhie minus federal and state income
taxes computed using the NBER’s TAXSIM program (Feenbeid) @autts, 1993), plus public
transfers (AFDC/TANF, SSI and other welfare receipts, alosecurity benefits, unemployment
benefits, worker's compensation, and veterans’ pensfons).

We estimater” by least squares using eg. (2) in log form. The point estinsté’® =
0.151 (S.E. = 0.003). The simple model fits the empirical relationship betwees pnd post-
government earnings distributions remarkably wélf = 0.96. In Figure 1(a) we collapse our
13,721 observations into 50 quantiles (each containing 2% of totservations§. Figure 1(b)
plots the average and marginal tax rates implied by ourmmnéter scheme evaluatedrdt® (mean

income is normalized to ) The implied income-weighted marginal tax rateis3.

5In some instances, asset income is taxed differently frdrarlaarnings. Because we cannot split observed taxes
paid into taxes on earnings versus taxes on asset incomestimeate progressivity using total income as the tax
base and total taxes as the tax take. The presence of asseteifdas minimal impact on our empirical estimates
of progressivity, since asset income is very small in ourgdamin part that is because we focus on households of
working age, and in part it reflects the facts that the PSIDewsaimples the very rich, and —even conditional being
interviewed— households grossly underreport asset income

5The coordinates of each circle in the figure are the mean otdhesponding quantile of the pre-government
income distributionX axis), and the mean post-government income across thevalisess in that same quantilg (
axis).

’Bakis, Kaymak, and Poschke (2013) combine CPS data with TRX&hd obtain a value ofVS = 0.17 for
a longer period, 1979-2009. Guner, Kaygusuz, and VentW3aa@) estimate this same function on a large cross-



The PSID data have three potential limitations for the psgsoof estimating progressivity:
(i) the PSID undersamples the very rich, (ii) taxes are iraguhrough TAXSIM, and (iii) the
PSID covers only a subset of in-kind benefits. The CongraasiBudget Office (CBO) publishes
tables reporting household income, federal taxes paid feaheral transfers received for various
quantiles of the entire distribution (including all the tearners) of before-tax inconieThe CBO
measures of taxes and transfers are more comprehensivéhttsnreported in the PSID. Their
measure of taxes includes both employee- and employerguaicl insurance taxes, and their
measure of transfers includes the value of Food Stamps eosichchool lunches, housing and
energy assistance, and benefits provided by Medicare anctde@dMoreover, the CBO adds to its
measure of pre-government income employer-paid healtllanse premiums, and the employer’s
share of social security and payroll taxes.

From the CBO tables we construct before and after governimeame for the first, second,
third, and fourth quintiles of the before-government ineothstribution, and for the 81st-90th
percentiles, the 91st-95th percentiles, the 96th-99thgméiles, and the top 1%. We used these
moments to estimate the progressivity parametérfor the 2000-2006 period and obtaingd® =
0.155 , which is nearly identical to our PSID estimate for the samary’ Interestingly, the CBO
data show an increase in progressivity during the Great$emwe, withr averaging).185 over the
period2008 — 2010. Since the PSID is the data source we use to estimate othel pedeneters

in Section 6, we will use the PSID-based estimaté’(= 0.151) in our baseline analysis.

Discussion: One way to think about our exercise is as follows. We ask, iwithe tax system

class that is currently in place, how much more or less pssijve should taxes be, and what

sectional data set from U.S. Internal Revenue Service @ublic Use Tax File”). They estimate a smaller value for
progressivity because these data do not include any gowsrrinansfers. The same caveat applies to the estimate in
Chen and Guo (2011).

8The CBO analysis draws its information on income from twarany sources. The core data come from the
Statistics of Income (SOl), a nationally representative@a of individual income tax returns collected by the Intdr
Revenue Service (IRS). The CBO supplements that informatith data on transfers from the Annual Social and
Economic Supplement to the Census Bureau's Current Papul@trvey (CPS).

9The CBO reports statistics for households of all ages. Tadasonflating forced retirement saving and genuine
intragenerational redistribution in our estimate for tawgressivity, we excluded social insurance taxes and Socia
Security and Medicare transfers from the CBO measures ebtard transfers. If we do not exclude those items, we
obtain a higher estimate for progressivit{,° = 0.232. The key reason is that the income before taxes and tramsfers
retirees is low, but they receive large amounts of SocialBgrand Medicare transfers which makes the system look
more progressive. However, in our view this higher estinea@ggerates true progressivity because a large portion of
retirement transfers reflects taxes paid earlier in life sintbly substitutes for private saving.



would the associated welfare gains be? Of course, althdugliunctional form (eq. 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,
if 7 > 0, or globally concave, it < 0. As a result, marginal tax rates are monotonic in income.
The same restriction applies to the average tax rate. Sedbddes not allow for lump-sum
transfers in cash, siné&(0) = 0.1°

Analyses of optimal tax design in the Mirrlees traditionenftemphasize the importance of
allowing for lump-sum transfers. Heathcote and Tsujiya@@l@) consider the welfare gains of
moving from tax systems of the type described by eq. (1) to@Bystems and to systems that do
not impose any parametric restrictions on the shape of thediaedule. Their environment is a
stripped-down version of the model developed here. Undar Haseline social welfare function,
Heathcote and Tsujiyama find that the welfare gains of moftiag the tax system described
above withT = 0.151 to the constrained-efficient and fully nonparametric Mied system are
very small, on the order @f.1 percent of consumption. The welfare gains of moving to themgd
system in the affine class are typically negative, indigatimat allowing for a lump-sum transfer
component in the tax system is less important than allonengfarginal tax rates to increase with
income.

These findings suggest that restrictions implicit in theaesysdescribed by eq. (1) may not be
particularly important from a normative standpoint. Moren as will become clear, an important
advantage of the functional form we use is that when we emiiedaur structural equilibrium
model, the model remains tractable, and the trade-offs frameasing or reducing progressivity
are transparent. In addition, restricting attention te thinctional form allows us to incorporate a
range of model features that turn out to be quantitativelydrtant in shaping optimal progressiv-
ity, including skill investment choices, persistent lfgele uninsurable shocks, and preference het-
erogeneity. Conducting a Mirrlees-style optimal taxatxercise in this rich environment would

be an extremely challenging numerical exercise.

100ur model can capture (as part of the public géydump-sum transfers in the form of goods or services that are
imperfectly substitutable with private consumption (gpmblic education and health care).



3 Economic environment

We describe the economy in steady state and omit time splscri
Demographics:We adopt the Yaari “perpetual youth” structure. At every agan agent survives
into the next period with constant probability 1, and a cohort of newborn agents of sjze- ¢)

enters the economy. We index agents lay [0, 1].

Life cycle: The life of every individual starts with an initial investment in skills. After choosing
skill level s; at agea = 0, the individual enters the labor market and starts facimgloan fluctu-
ations in her labor productivity;. Every period she supplies hours of wark> 0 to the market

and consumes a private goadand a publicly provided good'.!*

Technology: OutputY” is a constant elasticity of substitution aggregate of éffetours supplied

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

Yz(/omw@)-m(s)ﬁds)&, )

whered > 1 is the elasticity of substitution across skill type$(s) denotes average effective
hours worked by skill types, andm(s) is the density of individuals with skill leved. In this
baseline specification, all skill levels enter symmetticai the production technology, and thus
any equilibrium differences in skill prices will reflect e¢ive scarcity in the context of a model in
which different skill types are imperfect substitutes. Bc&on 7.4 we will consider an extension
where the technology features different relative weightslifferent skill types, which introduces
an additional (exogenous) driver for skill price differesc

The rate of transformation between private and public condion is one, and thus the aggre-

gate resource constraint for the economy is

1
Y:/Cidi—i-G. (6)
0
Preferences:Preferences over private consumption, hours worked, gylgrovided goods, and

skill investment effort for individual are given by

o0

U; = vi(s;) + (1 — B0) Ey 2(55)aui(0ia, hia, G), (7)

a=0

1@ has two possible interpretations. The first is that it is a&guublic good, like national defense or the judicial
system. The second is that it is an excludable good produgedebgovernment and distributed uniformly across
households, such as public health care or public trangpmta
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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 quadratic form

2
1 s;

vi(si) = ——5- (8)

Ki 24
wherex; > 0 is a parameter, heterogeneous across individuals, whielndimes the utility cost
of acquiring skills. The larger ig;, the smaller is the cost, so one can thinkspfas indexing
innate learning ability. We assume that~ Ezp (n), an exponential distribution with parameter
n. The parametet is a scaling constant. As we demonstrate below, the combmat quadratic
skill investment costs and exponentially distributedigbylields Pareto right tails in the wage and
earnings distributions.
The period utility function; is specified as

exp [(1+ o) @i

1 +o (hia)1+0 + X IOg Gv (9)

U; (Cz‘m Nia G) = log ¢iq —

whereexp [(1 + o) ¢;] measures the disutility of work effort. The individual-sfiie parameter
©; 1s normally distributed:p; ~ N (%‘0, vw) , Wherev,, denotes the cross-sectional variance. We
assume that; andy; are uncorrelated. The parameter- 0 determines aversion to hours fluctu-

ations. It is useful to define thex-modifiedrrisch elasticity

1 1—7
_ 10
6 o471’ (10)

which measures the after-tax elasticity of hours worked toaasitory wage shock. Finally,

x > 0 measures the taste for the publicly provided g6brklative to private consumptio'i.

Labor productivity and earnings: Log individual labor efficiency;, is the sum of two orthogo-
nal componentsy;, ande;, :

lOg Zia = Qlig + Eiq- (11)

2We abstract from the extensive margin of labor supply deoisiespecially relevant for the second earner in the
household. See Guner, Kaygusuz, and Ventura (2012b) faremtanalysis of the effects of tax reforms on the joint
labor supply decisions of married households.

3Note that the model is essentially unchanged if a fixed foactif public expenditure is wasted, so that only a
fraction is delivered to consumers. Given logarithmicitytiirom G, this amounts to adding an irrelevant constant to
preferences.
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The first component;, follows the unit root process;, = «; ,—1 + wi,, With i.i.d. innovation
Wig ~ N (—%,vw) and with initial conditiona,, = 0, Vi.!* The second component is an i.i.d.
shock,g;, ~ N (—%,ve). This permanent-transitory error-component model foividdal la-
bor productivity has a long tradition in labor economics @osurvey, see Meghir and Pistaferri,
2011)% A law of large numbers (e.g., Uhlig, 1996) implies that iridival-level shocks induce no
aggregate uncertainty in the economy as a whole.

Individual earninggy;, are, therefore, the product of three components:

Yia = p(sz) X eXP(Oém + 5@'(1) X hia . (12)
skill price labor mkt. 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 efficy; the third component
is the number of hours worked by the individual. Eq. (12) shdle determinants of individual
earnings: (i) skills accumulated before labor market entryurn reflecting innate idiosyncratic
learning abilityx; (ii) fortune in labor market outcomes determined by thdization of idiosyn-
cratic efficiency shocks; and (iii) work effort, reflectingy part, innate idiosyncratic diligence
measured by (the inverse af)

Because idiosyncratic labor productivity is exogenous, tthio channels via which taxation
will impact the equilibrium pre-tax earnings distributiare by changing skill investment choices,

and thus skill prices, and by changing labor supply decssion

Financial assets:We adopt the partial-insurance structure developed inhtest et al. (2014)
and assume that there are only two types of financial assits @conomy. The first is a non-state-
contingent bonad with priceq. The second is a full set of insurance claims againstthleock.
Thus, by assumption the shocks are fully insurable, whereas theshocks can potentially be
smoothed only by borrowing and lending via the risk-freedhdret B (E) and@ (E) denote the

guantity and the price, respectively, of insurance claiarsipased that pay one unit of consumption

l4setting the dispersion in initial conditions, to zero does not mean that there is no initial inequality ojpic-
tivity. Recall that newborn agents enter the economy witkeitogeneous skill levels; (also a fixed individual effect),
reflecting the dispersion in innate learning abikty

15The empirical autocovariance function for individual wagksplays a sharp decline at the first lag, indicating the
presence of a transitory componentin wages. At the sameuwitieén-cohort wage dispersion increases approximately
linearly with age, suggesting the presence of permaneiksho
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if and only ife € E C E. Our model nests several market structures. First, whesa 0, the
economy displays full insurance. When = 0, it is a bond economy, as in Huggett (1993). In
general, whem,, > 0 andv. > 0, ours is gartial insurancesconomy, i.e., an economy that offers
more insurance opportunities than a bond economy but Issgance than complete markéts.
In our framework, greater progressivity reduces the eguilm demand for insurance, for two
reasons. First, public redistribution directly subsasitor private insurance. Second, progressivity
dampens the response of hours, and thus earnings, to ifsshairks, and hence reduces pre-tax
earnings inequality’

Finally, for convenience, we assume that there exist aieyafair annuities against survival
risk. All assets in the economy are in zero net supply, andooewagents start with zero initial

wealth. There are no intergenerational links in our mdglel.

Markets: The final consumption good, all types of labor services, dhéirmncial assets are
traded in competitive markets. The publicly provided gabdannot be purchased privately. The

final good is the numeraire.

Government: The government runs the tax/transfer scheme describedciio8& and provides
each household with an amount of goods or services equ@l td/ithout loss of generality, we
assume that government expenditures are a fragtmfraggregate output, i.e5 = ¢gY. Since we

abstract from public debt, the government budget congtiailals period by period and reads as

1 1
g / i di = / (i — Ayl di. (13)
0 0

The government chooses the pairr), with A being determined residually by eq. (13).

18The complete markets assumption with respeetitoplies that it is straightforward to introduce a richettistical
process for the shocks. For example, in Heathcote et al. (2014), we add arowoitcomponent to the insurable
component of wages. As we show below, all that matters foatiadysis of optimal taxation is theross-sectional
variance of insurable wage risk, which can be estimatedpedéently of theéime-seriegprocess foe. Therefore, to
simplify the exposition, in this paper we maintain the asgtiom thate is i.i.d.

"Note that because the extent of risk-sharing is exogenati®imodel, making the tax system more progressive
does not affect thesupplyof private insurance. In contrast, public insurance canvdrout private insurance in
environments featuring moral hazard or limited commitmranth as Chetty and Saez (2010) or Krueger and Perri
(2010).

18Bakis et al. (2013) argue that private bequests providera éftinsurance against a bad draw of initial conditions
(k, ¢) , which diminishes the redistributive role of taxation anduees optimal progressivity.
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3.1 Agent’s problem

At agea = 0, the agent begins by choosing her skill level, given hersdiratic draw(x;, ¢;).
Combining equationér) and(8), it is immediate that the first-order necessary and sufficen-
dition for the skill choice is

aui (Cicw hia7 G)

o . (14)

o = (1= A0 E ;(56)“
Thus, the marginal disutility of skill investment for an imidlual with learning abilityx; must
equal the discounted present value of expected benefitstheskill investment.

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 claits).
Finally, ¢;, is realized and the individual chooses hohliys receives wage payments, and chooses
consumptiorr;, and bond holdings, ., for next period.

Consider an individual who enters the period with bond haddb;,. Her budget constraint in

the middle of the period, when the insurance purchases aile,nsa
[ Q@B E = (15)
and her budget constraint at the end of the period, afterclezation ofs;,, is
Cia + 0qbiar1 = NP (i) exp (g + €ia) hia]l_T + B (€ia) , (16)

where the) pre-multiplying the bond price reflects the return on theudyrfor survivors.

Given an initial skill choice, the problem for an agent is linose sequences of consumption
and hours worked in order to maximiZe) subject to sequences of budget constraints of the form
(15)-(16), taking as given the wage process described il49. In addition, agents face limits on
borrowing that rule out Ponzi schemes and non negativitgttaimts on consumption and hours

worked.

3.1.1 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
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perfect substitutes in production, there is no skill inuest either, so the economy collapses to a

representative agent model. The representative agentidgon is static:

1+o
rgfgc{bgC— 1+U+xlogG} a7
s.t.
C=\H",

and the production technology simplifiesito= H, implying G = gH. Taking the fiscal variables
(A, g, 7) as given, the optimal choices for the representative agent a
1

log H® (1) = T log(1 —7), (18)

1
log Cf4 (g, 7) = logA(g,7)+ T T log(1 — 7). (29)

o

And substituting\ (¢, 7) from the government budgét = H — AH'~" into eq. (19) gives

1
log C*4 (g, 1) = log(1 — g) + T log(1 — 7).

o

These allocations show that a more progressive tax systéigtiar value forr) reduces labor
supply and therefore reduces equilibrium consumption. ihetion is that higher progressivity
raises the marginthe al tax rate faced by representative.dgehe limit, asr — 1, H%4 (1) — 0.
Note that, with logarithmic utility, the average level okédion () has no impact on labor supply,

which explains why hours worked (and output) are indepenatethe level of expenditureg.

4 Equilibrium

We now adopt a recursive formulation to define a stationamypetitive equilibrium for our econ-
omy. The state vector for the beginning-of-the-period siea when insurance claims are pur-
chased iy, a, s,b). The individual state vector for the end-of-period constiorgsaving and
labor supply decisions i§p, o, €, s, B), whereB = B(e; ¢, o, s, b). Finally, since initial wealth is
zero, the state vector for the skill accumulation decisibagea = 0 reduces to the pair of fixed
individual effects(x, ¢).

Given (g, 7), a stationary recursive competitive equilibriufor our economy is a tax pa-
rameter), asset prices) (-) and g, skill pricesp (s), decision ruless (s, ¢), ¢ (¢, o€, s, B),

h(p,a,e, 8, B),V (p,a,e,5 B),andB (-; ¢, a, s,b), and aggregate quantitié(s) such that
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1. Households solve the problem described in Section 3dls &0 ¢), ¢ (¢, a, &, s, B), h (¢, v, €, s, B),

V (o, e, s, B),andB (:; ¢, a, s,b) are the associated decision rules.

2. Labor markets for each skill type clear am¢s) is the value of the marginal product from

an additional unit of effective hours of skill type:

3. Asset markets cleag; is such that the net demand for the bond is zero, and the gpices

of insurance claims are actuarially fair.
4. The government budget is balancadatisfies eq. (13).

Proposition 1 [competitive equilibrium]. There exists a competitive equilibrium characterized

by no bond trading across individuals, i.&, (¢, o, ¢, s, B(g; ¢, a, 5,0)) = 0 forall (¢, a, e, s).

The interest rate* = — log ¢ that supports this equilibrium satisfies
* Uw
p=r=(1-m)[1-7)+1] 5, (20)
wherep = —log 5 is the agents’ discount rate.

The proof for Proposition 1 in the Appendix is based on a gaeskverify strategy. We first
guess that the bond is not traded and solve for the equilibdonsumption allocation. Next, we
use the consumption allocation to construct the expectadina rate of substitution and show
that it is independent of any individual state. Thus, at thierest rate that clears the bond market,
all agents are indifferent between borrowing and lendinghenmargin and are thus content to
maintain a zero bond positidf.

In equilibrium, the intertemporal dissaving motive (th&-leand side of equation 20) deter-
mined by the gap betwegnandr* exactly equals the precautionary saving motive (the rigitel
side), which is increasing in the size of the uninsurableev#gkv,, and decreasing in the progres-
sivity parameter-. The logic is that as rises, the government provides more social insurance and

the private precautionary demand for savings falls.

19As discussed in Heathcote et al. (2014) Section 2.3.2,ékidris a generalization of the insight in Constantinides
and Duffie (1996). Here, we further generalize by endogrgittie wage through the skill investment decision and a
technology featuring imperfect substitutability acrokd sypes.
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Proposition 1 has two implications that are instrumentabitalytical tractability. First, indi-
vidual wealth is a redundant state variable: individuastgheir life with zero wealth and remain
with zero wealth forever. All remaining individual state® &xogenous variablé$ Second, there
is no self-insurance via noncontingent borrowing and legdigainsty shocks. In contrast, there
is perfect insurance, by assumption, againshocks. Thus, in equilibrium, there is a dichotomy
between one type of risk that is uninsured and another thallysnsured. We use the label “unin-
surable” to denote the shock (and its innovations) and the label “insurable” to denote the
shock.

The payoff from analytical tractability is illustrated blget next two propositions, which de-
scribe the equilibrium allocations and skill prices in @dsform, and by Proposition 4 where
we derive an analytical solution for social welfare. In wkatows, we make the dependence of
equilibrium allocations and prices d@p, 7) explicit in preparation for our analysis of the optimal

taxation problem.

Proposition 2 [hours and consumption] In equilibrium, the hours-worked allocation is given by

1

WM (ve;7), (21)

1
logh (@, e;7) = log H?A (1) — o+ =c—
ag

(1-7)(A=7(147)) ve
G 27

whereH 4 are hours worked by the “representative agent”in eq. (18)aht (v.;7) =

The consumption allocation is given by
log ¢ (p, @, 579,7) = log [C™ (g,7) I(7)] + (1 —7) [logp (5;7) + @ — 9] + M (v57), (22)

whereC*4 is consumption of the “representative agent” in eq. (19) aid) is a constant.

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 pritlgressivity. 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 anabgeishock (which has no income

20The skill level is endogenous but fixed after age zero, aneéisé pre-determined with respect to consumption
and labor supply decisions.
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effect precisely because it is insurable) is mediated byakanodified Frisch elasticity/c. Pro-
gressivity lowers this elasticity. The fourth term capsutiee welfare-improving effect of insurable
wage variation. As illustrated in Heathcote, Storesletéen Violante (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 dampengspense of hours to insurable wage
shocks.

The consumption allocation is additive in five separate comepts. The first component is
(rescaled) consumption of the representative agent, idescin Section 3.1.2: Consumption is
increasing in the skill leved (because skill prices are increasing in skills) and in thasurable
component of wagea. Since hours worked are decreasing in the disutility of workso are
earnings and consumption. The redistributive role of pesgive taxation is evident from the fact
that a largerr shrinks the pass-through to consumption from heterogemeinitial conditionss
andy and from ex post realizations of uninsurable wage shackBhe final component captures
the fact that insurable variation in productivity has a piesilevel effect on average consumption
in addition to average leisure. Again, higher progresgivieakens this effect. Because of the
assumed separability between consumption and leisurefarpnces, consumption is independent

of the insurable shock

Proposition 3 [skill price and skill choice]. In equilibrium, skill prices are given by
logp (s;7) =m0 () +m1 (7) - 5 (K3 7) (23)

wherery (7) = 5y [log (1= 7) — log () — log (6) |+ 715 log (5%, andm (7) = /i

The skill investment allocation is given by

s(k;T)=p(l—=7)m (1) -k = w-m (24)

and the equilibrium skill density:(s) is exponential with parametgr/ u(?i)-

This proposition has a number of important implicationsstithe log of the equilibrium skill

price has a “Mincerian” shape, i.e., it is an affine functidnso The constanir(7) is the base

21The rescaling constanit(7) reflects the fact that the equilibrium balanced-budgettionc\(g, 7) is different in
the heterogeneous-agent and representative agent \vedditire model. If we had specifiéd, 7) as the fiscal policy
instruments, ang as the residual variable, this constant would drop out.
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log-price of the lowest skill levels = 0) and () is the marginal return to skill. As is evident
from (24), a higher value for (more progressivity) depresses skill investment and cesgas the
skill distribution toward zero. In the limitas — 1, s (k) — 0 : there is no incentive to invest in
higher wage skills if all the excess returns will be taxed wwBecause of imperfect substitution
in production, a rise in the relative scarcity of high skylbés increases the marginal returir)
and reduces the base prigeg(7). Thus, our model features a “Stiglitz effect” (Stiglitz, 8%):
progressivity increases the equilibrium marginal retarskill investment.

With the solution for the skill price and the consumptioroadition in hand, the expression
for the skill choices is easy to understand. Substituting the period-utilityc#fjimtion in (9),
the consumption allocation if22), and the skill price in23) into the first-order conditior14),
expressior{24) follows immediately. Note that, holding fixed the skill prem, 7 (7), the partial
equilibrium elasticity of skill investment with respect td — 7) is exactly unity. Taking into
account the equilibrium response of the skill premium, teeegal equilibrium elasticity of skill
investment with respect td — 7) is only one-half.

The skill investment decision is independentofand it would also be independent of if
there was heterogeneity in initial labor productivity witlskill types). The logic is that, with log
utility, the welfare gain from additional skill investmeistproportional to the implied log change

in wages, which is independent of tlexel of wages or hours.

Corollary 3.1 [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)) = Pz
The distribution of skill priceg(s; 7) 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 23) and skills retain the exponential shape ofltsteibution of learning ability: (equa-
tion 24). It is interesting that inequality in skill prices independent of. The reason is that
progressivity sets in motion two offsetting forces. On time thand, as discussed earlier, higher

progressivity increases the equilibrium skill premium(7), which tends to raise inequality (the
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Stiglitz effect on prices). On the other hand, higher pregngty compresses the distribution of
skills (the quantity effect). These two forces exactly @t and the variance of log skill prices
is independent of.

Since the exponential of an exponentially distributed camdariable 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 compowoemhédtes at the top, the equilib-
rium distributions of wages and earnings have Pareto rajl & robust feature of their empirical
counterparts (see, e.g., Atkinson, Piketty, and Saez,)2011

We now briefly discuss how taxation affects aggregate gtiesin our model.

Corollary 3.2 [aggregate quantities]. Average hours worked and average effective hours are

independent of skill typeand given by

H) = Elpan)=0-n% o (2 -5 @)
V() = Eleplat (e =H ) e (50). @6)

Output is given by
V(1) =Elp(s;7)expla+e)h(pem) =Elp(s;T)| N (7), (27)

whereE [p (s;7)] = 5% - exp (mo (7).

6
Aggregate labor productivity is

Y(r) Y(7) _N _ o ex lv
Ay~ N H)  psTes (a— )

Note that progressivity affects aggregate output throughdhannels:r affects the average
skill price (wage) via its impact on skill investment ch@acandr affects average hours worked.
From eq. (26) the elasticity of aggregate hoiigr) with respect tor at = 0 is 11_10 From eq.
(23) the elasticity of the average skill prieg(7) is 2(9_—-11) We will return to these two elasticities in
Section 5.3 when characterizing the conditions under wtiietoptimal tax system is progressive.

Before turning to the characterization of the optimal degreprogressivity, we briefly discuss

the efficiency of the competitive equilibrium. The compeétequilibrium withT = 0 is generally
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not efficient in our environment for two reasons. The firsthiattthere are no private markets
for insuring thew shock. The second is that there is an externality in the iddal labor supply
decision when the publicly provided good is valued: agewntsiot internalize that, by working
more hours, the quantity of public good will increase. Psipon 6 in Section 6.3 states that when
the economy features complete markets with respect to wamks(v,, = 0) and does not feature

any public-good externalityy = 0), the equilibrium withr = 0 is efficient.

5 Welfare effects of tax 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 goverhméampted 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 asqatman 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 7.3 we generalize our characterization of odtpnagressivity by making the polar
opposite assumption that skills are fully irreversibletHis alternative version of the model, there
are transitional dynamics between initial and final steddtes and the motive to tax the existing

stock of skills affects the optimal choice of progressivity

5.1 Social welfare function

We will evaluate alternative policies using a social wedféunction according to which the gov-
ernment puts equal weight on all agents within a given coh@iten a law of large numbers, it
follows that the contribution to social welfare from any@ivcohort is remaining expected lifetime

utility for that cohort, where eq. (7) defines expected ilifet utility at age zero. The overlapping
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generations structure of the model also requires us to takenal on how the government weighs
cohorts that enter the economy at different dates. We assumhéhe planner discounts lifetime

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

Wi(g, 7)== Y YUie(g:771), (28)

j=—o0

whereU; (g, 7; 7_1) is remaining expected lifetime utility (discounted backitde of birth) for the

cohort that entered the economy at dates of date).?? The constanf = ((”1 %‘55 pre-multiplying
the summation is a convenient normalizatfén.
The next proposition expresses social welfare as an ekfioction of the two policy instru-

ments(g, 7) for the baseline model with fully reversible investment.

Proposition 4 [closed-form social welfare].In the model with fully reversible investment, when
the social welfare function is given by eq. (28), social arelffrom implementing policfy, 7) at
date O is

log(1—7) 1
1+6)1—7) (1+0)

+(1+x) [k;g(él__lg) +3 (91_ ) log (% 6—1)"% 9@9—1)”

Wl(g,m;7-1) = log(l —9)+x10g9+(1+x)( (29)

ie )+@(<1—B5>)1(1_T_1)
ll@g( (7)) - (5]
—(1-7"F

75555%_1% 1—56}(}1(_%1@)
<1+X)Lf —a%%}

22Remaining lifetime utility is independent of the previowsue for public good provisiop_;. It depends on the
lagged value for progressivity_; because the difference between, andr will determine (the cost of) net new
investment in skills for cohorts who entered the economgria date0.

ZFollowing Calvo and Obstfeld (1988) we assume that the gadiscounts each individual’s welfare back to their
birth dates using the agent’s discount factorThis ensures that the planner’s objective function is tireststent.
Thus, the relative weight the planner places at a given datieefelicity of one agent who isyears older than another

is (B/7)°.
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In order to obtain the expression in eq. (29), one has to fiisedor the value\ (g, 7) that
balances the government budget. Next, plugging the consommours, and skill allocations
into (31), one obtains the expression for social welfare as a functfoprimitive preference,

technology, and policy parameters in eq. (29).

Corollary 4.1: [independence from past choicesT he welfare-maximizing paily, 7) is indepen-

dent of r_;.

In eq. (29)7_, appears in an additively separable term that does not ievarty other policy
parameters. This result depends on the reversible skdkimrent assumption. Because the welfare
impact of alternative choices fdy, 7) is independent of_;, we henceforth denote social welfare

W(g, 7) and omit the inconsequential terms involving .

Corollary 4.2: [concavity of social welfare] Social welfare/V (g, 7) is globally concave iy and,

if o > 2,itis also globally concave inr.

As we show in the Appendix, aside from the term multiplyingin the last row of(29),
the social welfare expression is globally concave ifor anyo > 0. The term involvingu. is
also globally concave im if & > 2, a condition that is satisfied in the calibratitin Establish-
ing concavity is useful since it means that a first-order appin can be useful in computing the

welfare-maximizing values for andg.

Corollary 4.3: [Samuelson condition] The welfare-maximizing value fgris given by
= (30)
Becausej only appears in the first line of eq. (29), the optimal chomegdublic expenditures
in the economy can easily be derived by differentiati2@) with respect tg;. In our economy, the
optimal fraction of output to devote to public expendituisendependent of how much inequality
there is in the economy and independent of how progresses¢ath system is. It only depends
on households’ relative taste for the public gopd We label this the “Samuelson condition”
because, as we show in Section 5.2.1, it is reminiscent ofulon’s (1954) dictum that, in a

representative agent model, a government choosing puidicdsng should equate the marginal

24See the Appendix for a more thorough interpretation of sefficconditions.
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rate of substitution between private and public consumgtiche marginal rate of transformation

between the two goods, which is equal to one.

Corollary 4.4: [independence of policy instruments] The welfare-maximizing value far is

independent of;.

The two policy parametersandg do not appear jointly in any one of the additively separable
terms in eq. (29). Thus, the welfare-maximizing choice fowill always be independent of
the value forg and in particular independent of whether the choicejfes welfare maximizing.
However, the welfare-maximizing choice ferwill depend on the parametgrthat defines the

taste for publicly provided goods.

Corollary 4.5: [irrelevance of . and n] The welfare-maximizing value for progressivityis

independent of the parameterand .

The welfare-maximizing value for progressivitys independent of the weight on the disutility
of skill investment. and the exponential parameter in the distribution for skilestment costs
since these two parameters only appear in an additivelyalelgeconstant in the second line of the
social welfare expression (29). Thus, the only parametdndtiil matter in determining how skill
investment shapes optimal progressivity jghe elasticity of substitution between different skill

types in production.

Corollary 4.6 [y = [ case]. If the government discounts the lifetime utility of futuahorts at
rate vy = (3, then social welfaréV (g, 7) is equal (up to an additive constant) to average period

utility in the cross section

Wi(g,7)=(1=08)> FElu(c(p,aj,s(ki7);g,7), h(p,e57),G(g,7)] = Elo(s(r;7), )],
j=0
(31)
where the first expectation is taken with respect to the gajiiim cross-sectional distribution of

(¢, aj, s,¢) and the second expectation with respect to the cross-sedtilistribution of (s, x).2

Thus, when the planner values cohorts entering at suceesates at the same rate that agents

discount over time, the optimal polidy, 7) is simply the policy that maximizes average period

ZThe uninsurable shock; is indexed by agé because the conditional variance of the unit root procedspends
on agej.
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utility. Note that this result hinges on skill investmentrigefully reversible.

5.2 Decomposition of the social welfare function

We now demonstrate that every term(i29) has an economic interpretation and captures one of
the forces that determine the optimal degree of progregsiBecause these terms are additively
separable in the expression for social welfare, the distales of various economic forces are easy

to differentiate and quantify. For this decomposition weu® on the case = 5.

5.2.1 Welfare of the representative agent

Substituting allocation§l8) and(19) into the objective function of the representative agenbpro
lem of Section 3.1.1 (after solving foy), one obtains welfare for the representative agent,

Wi (g,7) =log(1 — g) + xlog g + (1 + x) (11?;(; ?T) T i 5y’ (32)

which is precisely the first line of the social welfare exjgies in(29).

What does this welfare expression imply for optimal polidy®ferentiation of (32) with re-
spect tog yields the Samuelson condition, €¢0). This value forg equates the marginal rate of
substitution between private and public consumption ferrépresentative agent (which is equal
to xg/ (1 — g)) to the technological rate of transformation between the¢aods (which is equal
to one).

Differentiation of(32) with respect tor yields

Tha = —X- (33)

Eq. (33) states that a benevolent government in the regegsenagent economy would choose
regressiveaxes, with the extent of regressivity proportional to thlative taste for the public good.
The logic is that because there are no private markets fgoub&cly produced good, there is an
externality. Each individual agent does not internaliz,tby working more and producing more,
output will increase and the government will be able to pdlevnore. A regressive tax increases
labor supply, as is clear from the hours allocatids), andentirely corrects this externality, a

result we restate in the following corollaf¥.

26|f there was a private market f@¥, andG was a nonrival nonexcludable good, then the welfare thesreould
apply and the first best could be implemented wits 1 andr = 0.
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Corollary 4.7 [efficiency in the RA model]. If v, = v, = v. = 0andf = oo (i.e., in a

representative agent economy), then= 3 and " = —x implement the first best.

To gain some intuition, note that one could alternativelpliement the first best with lump-
sum taxes that do not distort labor supply and finance theetbamount of>. Givent = —y,
the marginal tax rate at the equilibrium level of incoimés exactly equal to zero (just as it would
be with lump-sum taxes), whereas given- x/(1 + x), the average tax rate is exactly sufficient

to finance the optimal level of expenditure. Thus, the sysierfectly replicates a lump-sum tax.

5.2.2 Welfare from skill investment

The second, third, and fourth lines in eq. (29) are all relatethe skill investment choice. To
begin with, from equations (23), (26), and (27), the termdonase brackets in the second line is

the log of aggregate productivity (output per efficiencytafilabor) in the economy, also equal to
logE [p (s;7)]:

Y (1) log (1 —7) 1 i 90 (201
log(m): 20 -T) +2(9_1)log<5(9—1) 0 g0 >). (34)

The pattern of skill investments determines aggregateymtodty through the constant elasticity
of substitution (CES) technology: the more evenly distiéoLare skills, the higher is productivity.
Eq. (34) indicates that higher progressivity reduces pertdity because it reduces skill investment
and thereby compresses the skill distribution toward z&ade that, in terms of its impact on social
welfare, productivity is multiplied by1 + y) because the higher the desire for public good, the
more valuable is an additional unit of output.

Skill investment is not costless. The third line(@D) is the contribution to welfare from skill
investment costs. The average skill investment cost fothallfuture cohorts and for the past
cohorts who readjust their skill level is

1
_%(

which is the first term on the third lin€. Skill investment costs are decreasingribecause more

Ev(s(k;7), k)] 1—7), (35)

progressivity reduces skill acquisition. Combinifg) and(35), it is easy to show that the pro-

27)f older cohorts already have some skills at the time of therédorm, they only need to pay net new invest-
ment costs ofﬁ {s (/4;7;;7—)2 —s (“i;7—1)2}' which accounts for the second seperable term_inin the welfare
expression. See the Appendix for details.
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Figure 2: Optimalr as a function of the elasticity of substitution across dkilels in production

(6)

ductivity gain from skill investment net of education coistsnaximized atr = —1/ (6 — 1) < 0:
a regressive system invites larger skill investments aagttonger is complementarity in produc-
tion, the stronger is this force.

The government also cares about how the choice fonpacts consumption dispersion both
directly (via redistribution) and indirectly, via equitiom skill prices and quantities. The welfare

cost of consumption dispersion across skill types is

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

or the term in the fourth line of29).22 This cost is decreasing inbecause higher progressivity
reduces after-tax earnings and consumption dispersion.

We have learned that offsetting forces determine the optewel of progressivity with respect
to skill acquisition: more progressivity diminishes aggate productivity, but it also decreases

consumption dispersion across skill types. Which force idates? In Figure 2 we sgt = 0,

28The skill-related component of consumptign(s)' ", is Pareto distributed with parameter= 6/(1 — 7). If
consumption is Pareto distributed with Pareto paramBteghe expected value for consumptionAg(P — 1). Log
consumption is then exponentially distributed, with exgpotial parameteP. Let F, denote the Pareto cumulative
distribution function (CDF) for consumption, and I&t denote the Exponential CDF for= log c. The welfare costo
of consumption dispersion (assuming logarithmic prefeeshcan then be calculated as the percentage by which safe
consumption must be reduced to deliver the same expecliy asi risky consumptiontog ((1 — @)P/(P — 1)) =

log cdF, = 1/P. Now, since in our exampl® = /(1 — 7) andw is small,w ~ —1=T —log 8=0-7)) asin eq.
0 0
(36).
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o = oo, andv, = v, = v. = 0 to isolate the skill investment channel and show howaries
with 6. The figure reveals that the skill investment component ofadavelfare calls for progres-
sivity (7* > 0), a result we prove formally in Section 5.3. At the same tithe,optimal degree of
progressivity is nonmonotone th As § — oo, the economy converges to a representative agent
economy, sa* = 0. For lower values fop, the utilitarian government chooses > 0 to reduce
the welfare loss from consumption dispersion. Howevef) as 1 and skill complementarity in-
creases in production, the distortion to aggregate pradtycfrom progressivity becomes more
important — because of the terml_—l) log(1—7)in (34) —andr* falls. Atthe same time, a regres-
sive tax scheme, which would raise productivity, would mesgesumption inequality explode: eq.
(36) shows that, a8 — 1, the term—log (0 — 1 4 7) goes to—oc ast approaches zero. Overall,
these two forces balance out, anddas> 1, 7* — 0 — a flat tax system. Thus, the optimal degree

of progressivity is largest for intermediate valueséor

5.2.3 Welfare from preference heterogeneity and uninsurale wage risk

The existence of heterogeneity in the preference for leighrough variation in the parameter
translates into dispersion in hours worked, earnings, andumption. The fifth line of the social

welfare expression is the welfare contribution of this sewf consumption dispersion:
welfare cost obar,, (logc) = (1 — 7)%v,. (37)

This term is the familiar Lucas representation of the welfawst of consumption dispersion when
the underlying shocks are lognormal: one-half of the vargaof log consumption times the coef-
ficient of risk aversion, which is equal to one in our model.

Uninsurable shocks are another key source of consumptgpediion, and their contribution
to social welfare shows up in the sixth line of eq. (29):
Vo 1 —dexp (Mvw>

Yo
v — 552 o8 1—6 (38)

welf. cost ofvar, (logc) = {
1
2

-var, (logc) wheny = g,

wherewvar,, (log ¢) denotes within-skill group variance of log consumption inss section. The

approximation in the second line of eq. (38) is extremelyaaie for plausible parameter values, as
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we show in the proof of Proposition 4 in the Appendix. As cais&en from(37) and(38), a higher
7 reduces consumption dispersion stemming from both pre¢erbeterogeneity and uninsurable
risk. Since consumption inequality lowers welfare, thege torces push the optimal towards

one, the value at which there would be zero consumption digpe

5.2.4 Welfare from insurable wage risk

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

() -
var. (logh) = %Ug. (40)

The first term is the log productivity gain from insurable wagariation. As explained when
discussing the equilibrium allocations, more insurablgevdispersion is good news for welfare,
because individual hours worked become more positivelyetatied with individual productivity
and aggregate output increases. Hours dispersion is, leowenstly in welfare terms because
of the convexity in the disutility of hours. This cost is capd by the last term in the welfare
expression, which is the cross-sectional variance of lag$idue to insurable shocks multiplied
by o, which measures the aversion to hours fluctuatfdns.

The sum of these two terms (productivity gain net of the disptosts of hours fluctuations)
is maximized at- = 0 because hours respond efficiently to insurable shockswvith), whereas
7 # 0 induces misallocation in hours worked. Thus, larger insleravage risk will push the

optimalr toward zerc®

5.3 When should taxes be progressive?

By differentiating the expression for social welfare in €29) with respect te-, one can obtain a

necessary and sufficient parametric condition for the ogittax system to be progressive.

29As 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.

30This finding is different from the result i that the standard Mirrlees-style formulas for the optiraalschedule
are unaffected by the presence of private insurance that wloiegenerate moral hazard. The main reason for this
difference is that? assume that the government can tax earnings net of privatgance payments whereas we
assume that taxes are levied on labor income only.
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Proposition 5 [condition for progressivity]. The optimal value for is strictly positive if and only
if

1 1 1 1 1
i(m—é)+<%+“a>>><(2<9_1>+1+0)- 41

The terms on the left-hand side @ff1) are the marginal benefits from increasing progressivity
atT = 0, and the ones on the right-hand side are the correspondirgjmabcosts®* The first term
on the left-hand side is the gain from reducing consumptiequality across skill types net of the
productivity loss from reduced skill investment (minusdtsts). The second term is the gain from
reducing consumption dispersion across agents with diftggreferences and labor productivity.

The term in parentheses on the right-hand side is the (vegattithe) elasticity of aggregate
output with respect te. The first component captures the loss in output associatadeduced
skill investment, and the second reflects the loss from redilabor supply: recall the discussion of
Corollary3.2. The welfare loss from lower output is proportionaltowhich captures the strength
of the public good externality. The logic is thatcaptures the wedge between the social marginal
value of additional output and the private marginal valueté\that ify = 0, then the optimal tax

system is always progressive.

5.4 Optimal marginal tax rate at the top

One focus of the Mirrlees approach to optimal taxation hamleharacterizing the optimal marginal
tax rate at the top of the income distribution. Assuming abaumded Pareto right tail faxoge-
nouslabor productivity (and assuming the social welfare fumtfputs zero weight on agents far

in the tail), Saez (2001) shows that the marginal tax rateeatdp converges to

_ 1
T (42)

where¢* and (¢ are uncompensated and compensated labor supply elasfitifTrhus, as Saez
and others have noted, the thicker is the right tail of thelpotivity distribution (i.e., the smaller

is the Pareto coefficie, the higher is the optimal marginal tax rate at the top.

31This condition is independent of the insurable variancbecause the term in welfare involving this component
is maximized at- = 0, so the marginal welfare effect from a change-iis zero at- = 0.

32Given our utility function, as earnings increase, thesstilies converge to zero arid (1 + o), respectively,
and thus the efficient top marginal tax rate — given exogen@ges — would converge to= };‘T‘;
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Our model withy = 0 andv, = v, = v. = 0 is a version of the Mirrlees environment,
but with one important difference: the Pareto distributionlabor productivity issndogenously
determined by skill investment, and its Pareto parametéeiglasticity of substitution across skill
types in production. As we showed in Section 5.2.2, the ogitchoice forr is nonmonotonic in
6.3 In particular, there is a range of values fotlose to unity in which reducing (and increasing
inequality) lowers optimal progressivity, and thus maajtax rates at high income levels, in sharp
contrast to the familiar Mirrlees restift.Recall the logic for this result: the more complementary
are skill types, the larger are the productivity gains fromae even skill distribution. Thus, the
more costly are high tax rates at the top that discouragkiskdstment of high learning ability
(high k) individuals. We conclude that whether the Pareto rightitathe earnings distribution
reflects exogenous luck or endogenous investments is tpiargly important for determining

optimal top marginal tax rates.

6 Quantitative implications of the theory

After describing the model parametrization, we exploreghantitative implications of the theory.
Next, we perform a robustness analysis with respect to €ithights used by the government in

its social welfare function and (ii) the assumption thatgovnent expenditures are valued.

6.1 Parametrization

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 parametend equilibrium moments enable us
to prove identification of all parameters and to estimatenttoelel given empirical counterparts
of these moments computed from commonly used micro-dataamesy hours worked, and con-
sumption.

We begin by recognizing that in survey data, hours and copomare measured with error,

33Figure 2 is drawn for the case = oo, but the nonmonotonicity result is more general and appliéis elastic
labor supply.

34strictly speaking, for any > 0, marginal tax rates converge to one under our functionai for taxes as earnings
go to infinity. But from eq. (3), it is easy to show that marditaa rates are strictly increasing in progressivity for any

y € (exp(=1/(1 = 7)), 00).
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and hourly wages (computed as annual earnings divided byahmours) inherit measurement
error from both variables. Let,,,v,.,v,, denote the variances of reporting error in hours, con-
sumption, and earnings, respectively, and assume measotremor is classical. If we tack on
measurement error to log wages and the log allocation&1ih and (22), and compute cross-

sectional moments of their joint distribution, we obtaie thllowing set of moment conditions:

1
var (logw) = 2 + VU + Ve + Uy + U (43)
1
var (logh) = v, + 520+ Uun

1
var (loge) = (1—71)° <U¢ + 7 + va) + Ve

1

cov (log h,logw) = —v. — vy,
o

cov (log h,loge) = (1 —7)v,
(

cov (logw,loge) =

These moments contain all the structural parameters of ttae The variance of the unin-
surable innovatiom,, is implied byv,, given a value fo5.%®

Based on our previous work (Heathcote et al., 2014), werset 2.165, a value broadly
consistent with the microeconomic evidence on the Frisastiity (see, e.g., Keane, 2011). From
the same paper we set the variances of measurement emrgy te 0.036, v,, = 0, andv,, =
0.040. In light of our evidence on the progressivity of the U.S./tansfer system described in
Section 2, we set = 0.151.

It is easy to see that,, v., and(v, + 1/6?) are overidentified by the set of moments(if3).
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? (log w, log ¢) at agej = 0, which reflect only variation in skills acquired before lalmoarket
entry, sincey? = 0. In Section 6.2.1 we pursue an alternative strategy forrs¢ipg v, and6.

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

35The variance o at agej is v/, = jv,, S0 the cross-sectional uninsurable variance in the model is

Vo = (1 —5)25“1}2 = 1f5vw.
a=0
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Table 1: Parametrization

TUs X o Uuh Uy Vye Uy Ve Ve 0 Ve
Baseline  0.151 0.233 2.165 0.036 0 0.040 0.035 0.166 0.097 3.144 0.003
(0.003) - - - - - (0.002) (0.010) (0.007)  (0.115) (0.0003)
Alternative  0.151  0.233 2.165 0.036 0 0.040 0.021 0.139 0 2.000 0
(0.003) - - - - - (0.002) (0.010) (0.0000) - (0.0000)

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

2000, 2002, 2004, and 2006 and the Consumption Expendituves(CEX) for years 2000-2006.
We apply the same sample selection criteria outlined ini@e& We first regress individual log
wages, individual log hours, and household log consumpiiogear dummies, a quartic in age,
and (for consumption) household composition dummies. \ea thse the residuals from these
regressions to construct the empirical counterpart of tbeents in(43) plus the three moments
at age “zero” (an average of ages 25-29 in the data). The mmialistance procedure therefore
uses nine moments to estimate four parametersv., v,,0). We setd = 0.971 to match an
expected working life of 35 years, the same age span comsiderthe micro-data. Given an
estimate for,,, the innovation variance,, is pinned down. The estimated parameter values are
summarized in Table 1, together with the other pre-detegthparameter values.

In the datawar (logw) = 0.43, var (logh) = 0.11, var (logc) = 0.18, andvar® (logc) =
0.15.3% The estimates in Table 1 imply that, net of measurement,giydhe insurable component
accounts for 40 percent of the variance of wages, the urabgicomponent accounts for one-
guarter, and the heterogeneity in skills for the residua-timrd; (ii) cross-sectional dispersion
in the disutility of work effort explains almost half of thevtirs variation, and insurable shocks
explain almost one-quarter; (iii) one-fifth of consumptioequality is due to dispersion in the
disutility of work, and the residual is accounted for equddl uninsurable wage risk and skill
heterogeneity; (iv) the growth in the variance of log conption over the life cycle (ages 25-60)
is around).10. These findings are broadly in line with the results in Heatbet al. (2014).

To set the value fox, the relative weight on the government-provided good ifigresces, we

take the view that the fraction of output devoted to publmlgvided goodg is chosen efficiently.

%The values of the other empirical moments used in the estmadre cov (logh,logw) = —0.09,
cov (log h,log ¢) = 0.03, cov (logw,log ¢) = 0.15, var® (logw) = 0.28, andcov? (log w, log ¢) = 0.10.
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Figure 3: Social welfare as a functionofind welfare gain relative to the current U.S. system (left
panel). Decomposition of social welfare into various comgras described in Section 5.2. The
optimal value forr is 0.062.

In Section 7.1 we show that if was the outcome of voting, the median voter would pick the
efficient levelg*, which provides a theoretical foundation for this calibyatchoice. Since, over
the period 2000-200G, = G/Y = 0.189, we sety = 0.233. Because the optimalis sensitive to

the choice fory, Section 6.4 discusses alternative scenarios.

6.2 Results

Once the optimality conditiop* = —x is substituted int@29) and values have been assigned to
all the structural parameters, one obtains social welfglrg-) as a function of- only. Figure 3(a)
plots this function, assuming = 5. The value of progressivity that maximizes social welfare i
7% = 0.062. The welfare gain from reducing progressivity from the eutrvalue ofr? = 0.151

to 7* is equivalent td).5 percent of lifetime consumption.

How different are the actual and optimal schemes? Note ligat&tio of the variance of log
disposable income to pre-government incomelis- 7)2. Moving to the optimal scheme would
increase this ratio fromM.72 to 0.88. The average income-weighted marginal tax rate would drop
from 31 to 24 percent. Section 6.5 compares the tax/transfer scheddler tine two systems in
more detail.

The right panel reconstructd’ (7) by sequentially adding all of its components. The first
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component is welfare of the representative agent. As dsetlyghis is maximized at = —y =
—0.233. Adding the skill investment component (productivity gé&iom skill investment net of
education costs minus the implied welfare loss from betwaélhconsumption inequality) pushes
toward a more progressive system, and the optinmabves to the right te-0.062. The concern for
additional consumption inequality induced by preferenetetogeneity further raises the optimal
to —0.02. Uninsurable shocks are a stronger source of consumptspeidion, which is reflected
in the substantial upward jump into 0.073 when this component is incorporated. Finally, adding
the productivity gain from insurable shocks putiback toward zero to its final value 6f062.

Consumption dispersion generated by preference hetestgeskill dispersion, and uninsur-
able risk induces the government to choose a progressieersehlf consumption inequality was
the government’s only concernwould be optimally set to one, and the tax/transfer schemédvo
fully equate post-government income and consumption adnosseholds. Besides the desire to
provide public goods, which we analyze in Section 6.4, twods limit progressivity in the model:
the distortion to skill investment and the distortion todalkupply.

To measure the strength of these two channels, we computgptheal = (i) wheno = oo
and labor supply is therefore inelastic and (ii) when skilie exogenou¥. In the caser =
oo, the optimalr is 0.217, whereas in the case of an exogenous skill distribution,opteénal
7 is 0.211. Therefore, the endogeneities of labor supply and skikstment play quantitatively
similar roles in limiting progressivity, and in the abseméeither one of these channels, optimal
progressivity would be substantially higher. Note in parar that endogenous skill investment,
a margin ignored in much of the literature, is a very impart@ctor restraining progressivity
in our modelP® Absent this margin, the welfare-maximizing policy wouldgiy an increase in
progressivity relative to the current tax system, where&® ¢his margin is incorporated, reducing

progressivity is optimal.

3"This latter case is obtained by excluding from the welfaretion the first two terms associated with the produc-
tivity gain from skill investment net of the education cost.

38Two recent papers that do explicitly model the skill investihmargin are Guvenen, Kuruscu, and Ozkan (2014)
and Krueger and Ludwig (2013).
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6.2.1 Alternative calibration of # and top marginal tax rates

A long-standing challenge in labor economics is understenahat fraction of wage dispersion
reflects differential endogenous skill or human capitaéstments, and what fraction reflects ex-
ogenous differences in productivity. In the context of ourd®l, the variance of the formerig6?
and the variance of the secondvis = dv,,/(1 — §). We now consider an alternative strategy for
calibratingf (and thusy,). Since the top end of the model distribution of income isragpnately

Pareto with parametér, we have that

Elp(s)[s>3 0
() =71 (44)

From our PSID sample, we estimate that the ratiptif) is stable and arourifor income thresh-

olds above $250,000, which implies a valuefof= 2.3 If we use this moment to calibratg
instead of using consumption dispersion at labor markeyestd reestimate the other model pa-
rameters, we obtain the values in the second row of Table ¢aug® the consumption dispersion
implied by skill investment is so large with = 2, the estimation sets the variance of the unin-
surable lifetime shocks, to zero?® The model still calls for positive preference heterogeneit
and insurable productivity dispersion to account for thessrsectional inequality of hours in the
data. Under this alternative calibration, we obtain= 0.037. Optimal progressivity is lower than
in the baseline calibration, because a larger role for eanogs skills in generating wage disper-
sion implies a correspondingly smaller role for uninsuedbie-cycle shocks, and thus reduces the

incentive to provide social insurance against those shocks

6.3 Nonutilitarian welfare criteria

The utilitarian social welfare function if81) embeds both the desireittsurehouseholds against
the privately uninsurable life-cycle shocksand toredistributeagainst income differentials due to
initial heterogeneity in preferencég) and learning ability(x). We now consider some alternative

formulations for the social welfare function that retaire thesire to insure against uninsurable

39Since the benchmark of comparison for our normative ressilt§® estimated on PSID data, we use PSID data
for this alternative estimate &f Tax return data on wage income tabulated by Piketty and &£, Table B3)
indicate a value fof betweenl.6 and2.2 for the years 2000-2006, depending on the choice for thaltiolds. Thus,
our estimate falls within this range.

40As a result, under this calibration, the model cannot geaexaise in consumption inequality over the life cycle.
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shocks, but switch off the desire to redistribute with resge initial conditions. We first note
that when there is no need to raise revenue to finance pulpieneikture { = 0), and when all
life-cycle productivity shocks are insurable,(= 0) the welfare theorems apply, and thus the

laissez-faire competitive equilibrium with= 1 andr = 0 is efficient.

Proposition 6 [efficiency withy = v, = 7 = 0]. If x = v, = 0, then competitive equilibrium

allocations withr = 0 are efficient. The corresponding planner weights are

_exp (ot gr)
C((pv ’i) - 9/(8— 1)

Proposition 6 describes the Pareto weights for the plaspeoblem whose solution coincides

(45)

exactly with the competitive equilibrium with = 0. These planner weights, by construction,
do not incorporate any desire to redistribute with resp@ehtcome differentials reflecting fixed
heterogeneity in preferences or learning ability. The aoaielfare function corresponding to
these weights overweights agents with high ability and hliigence?* Thus, the competitive
equilibrium with 7 = 0 does not deliver the allocations that would be chosen by |dauign

planner with planner weights given kyp, ) = 1.

We label the planner with weights described by eq. (45) theuiance-only” planner, because
the only motive for progressivity with such weights is insgragainst ex post realizations of the
w shock. Using similar logic, we also construct preferencegtis for ap-neutral planner, who
is indifferent to consumption inequality originating frdmeterogeneity in the taste for leisure, and
for a k-neutral planner who has no desire to respond to income ali#égigenerated by the initial
heterogeneity in learning ability and the ensuing skill inequality.

Evaluating equilibrium allocations given the weights in é&p), we can compute social welfare

under the insurance-only social welfare function.

41Benabou (2002) uses an alternative approach to evaluai@e/ghins while abstracting from purely redistributive
effects. Instead of aggregating utilities across indialduhis social welfare function aggregates consumpticaicgy
equivalents.
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Table 2: Optimal progressivity under nonutilitarian wedfa

Utilitarian k-neutral  p-neutral Insurance-only
Redist. wrtx Y N Y N
Redist. wrtyp Y Y N N
Insurance wrtv Y Y Y Y
T* 0.062 0.003 0.035 -0.025
Welf. gain (pct of) 0.52 1.40 0.88 1.98

Corollary 6.1 [nonutilitarian welfare]. Welfare for the insurance-only planner is

WS (g,1) = W(g,7) (46)
-7 F (1)
La L ¢

The second line adjusts the welfare component associatbgreference heterogeneity which
appears in the utilitarian welfare function. The new termat threplaceg37) penalizes deviations
from 7 = 0. The third line corrects the welfare component associai#d skill investment (pro-
ductivity gain, education cost, and consumption ineqytit As special cases, the first two lines
in (46) give welfare for thep-neutral planner, and the first and third lines give welfarethe
r-neutral planner.

Table 2 summarizes the results. We find that the insuraneganner would set™* =
—0.025. Thus, concern for social insurance against life-cycleevstgocks offsets almost exactly
the desire for regressivity linked to public good provisidrhe ¢-neutral planner would set pro-
gressivity t00.035 and thex-neutral planner t®.003. Overall, these governments with limited
taste for redistribution choose tax systems that are ngadgortional. Under these alternative
welfare criteria, the welfare gains of switching from theremt progressive system to the optimal
near-proportional system are much larger: the insurantgesiterion implies a gain o2 percent

of lifetime consumption.

42Als0 in this case, the term in_, is separable, and hence we have omitted it. See the Appeordiefails.
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6.4 Alternative modeling of G

A theme of this paper is that there is an important interadbetween the size of government ex-
penditure and the progressivity of the tax and transferesysthe more spending the government
wants to finance, the less progressive will be the optimalsisstem. In a representative agent
version of the model, Section 5.2.1 showed that the extiéyresociated with public good provi-
sion calls for a regressive tax system, with the degree a€ssiyity increasing in the taste for the
public good. In Section 5.3, we revisited the issue in thelyas heterogeneous agent model and
characterized the conditions under which this force towagtessivity dominates the utilitarian
planner’s desire for progressivity to reduce inequalithe key comparative static is that, hold-
ing fixed all other structural parameters and the choice osavelfare function, the optimal tax
and transfer system should be less progressive the moitg atients attach to publicly provided
goods.

In contrast to this paper, most previous analyses of taxydedistract from the choice of public
good provision and simply assume that an exogenous levepeineliture must be financed. How-
ever, given the interaction we have highlighted betweersthe of government and the progres-
sivity of the tax and transfer system, one might expect thaildeof how expenditure is modeled
to have a quantitatively significant impact on the conclasifor tax design. We now illustrate that
this is in fact the case.

In the baseline model, we assumed that (i) households deone utility from government
expendituregx > 0) and that (ii) the government chooses the fraction of outptd be trans-
formed into the publicly provided good. We now set= 0 throughout — which implies that the
publicly provided good is not valued — and examine two aliéve models for spending that are
popular in the existing literature on tax design. In the fakérnative modely is fixed exoge-
nously tog = ¢Y = 0.189. Thus, a fraction of output equal to government purchades’es
in the baseline economy is wasted. In the second alternatigéevel of expenditures is fixed to
G = GUS = gUSy (7U9).

Table 3 reports the optimal degree of progressivity in thesecases for the utilitarian and the
insurance-only planners. Comparing the baseline modalwit 0 andg* = x /(1 + x) with the

casey = 0 andg = ¢S = 0.189, we see that, absent the public good externality, the ariitin
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Table 3: Optimal progressivity under different scenarmsG

Case Utilitarian Insurance-only
< T* T AW < T* T’ AW
g*endog. x =0.233 0.189 0.062 0.239 0.52% 0.189 —0.025 0.169 1.98%
gexog. x=0 0.189 0.182 0.337 0.06%  0.189 0.089 0.261 0.22%
Gexog. x=0 0.179 0.069 0.236 0.48% 0.171 —0.014 0.159 1.83%

Note: 7" =1 — (1 — 7)(1 — g) is the income-weighted average marginal tax r&#V is the welfare
change in consumption equivalent unitsin the third row is fixed at the baseline absolute value, wisch
equal to 18.9% of GDP in the economy witH* = 0.151.

planner desires substantially more progressivity — everemgressivity than is embedded in the
current system. Note that the optimaln this case {.182) is exactly the same as the optimal
would be in an economy with = 0 andg = 0.43

The second case (where the level(ofis fixed) gives an optimal value far very similar to
the baseline model, and the logic is similar: the plannarivdlizes that less progressive taxation
encourages labor supply and makes it easier to finance mdait provision. With a fixed amount
G spent on public goods, more output makes financing governpugohases easier — which acts
as an incentive to limit progressivity.

Thus, we have shown that a seemingly minor difference in havegiment spending is mod-
eled — fixed in level, versus fixed as a share of output — hasyalamye impact on optimal pro-
gressivity. The lesson we draw is that policy choices regarthe level of expenditure and the
distribution of the net tax burden are intimately intertethand are best studied in models that

integrate the modeling of public good provision and tax glesi

6.5 Taking stock

To visualize the differences between the actual and thengptax system, Figure 4 plots marginal
and average tax rates in the current scheéliﬁ{as = 0.151), and in the optimal scheme under the
utilitarian and insurance-only criteria, for the baselnedel wherg? is valued and for the model

wherex = 0 andg is exogenous.

43This result is an application of Corollary 4.4, which statkdt (holding fixedy), the optimalr is independent of
g. One way to understand the result is that when the tax plarasetdidevote a fixed slice of output to government
spending, the planner is effectively operating in an econaiith lower total factor productivity (TFP). The optimal
is invariant tog for the same reason that the optimtas invariant to TFP.
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Figure 4: Top-left and Bottom-left panels: marginal andrage tax rates in the baseline model
with y > 0 andG valued. Top-right and bottom-right panels: marginal anelage tax rates in the
baseline model witly = 0 andg exogenous.

When( is nonvalued, the differences between the actual schemtharahe preferred by the
utilitarian planner are minor, but whe# is valued they are substantial. For example, at average
income, the marginal tax rate spercentage points lower in the optimal scheme. The optimal
degree of progressivity for the insurance-only plannehiggs lower than in the data and, when

G is valued, the optimal tax scheme is close to proportional.

7 Extensions

This section contains four extensions: a politico-ecormanalysis and an analysis of a progressive
consumption tax in the baseline model, a model in which ghi#tstments are irreversible, and a

version of the model with skill bias in the production teclogy.
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7.1 Political-economic determination of progressivity

After our extensive characterization of optimality, it iataral to ask the following question: if
(g, 7) were determined through a political-economic mechanism, Wwould the voting outcome
differ from the policy chosen by a utilitarian government® maintain symmetry with our nor-
mative analysis, we restrict ourselves to voting once amdafioand retain the assumption that
the human capital accumulation decision is reversible heatriansition to a new steady state is
immediate**

The challenge in analyzing a political-economic versioof model is twofold. First, voting
has two dimensiongg, 7). Second, there are multiple sources of heterogeneity sbimsseholds
which potentially means that preferences over fiscal viagaimay not be single peaked. In what
follows, we show that (i) irrespective of the choice fQragents agree thatshould be set equal to
x/ (1 + x); (i) notwithstanding multidimensional heterogeneityg tattitude of individual agents
toward progressivity can be summarized by a single summary statistic, so votersfiactively
heterogeneous in only one dimension. As a consequence gtliamvoter theorem applies.

We begin by proving that all agents agree on the optimal dip@wernment.

Proposition 7 [agreement onG]. When voting ovey, every agent choosés= ¢* = x/ (1 + x),

independently of the choice for

To understand this result, note that the preferred valug for agent: obeys the first-order

condition
1 C; 1
X= = C—.
g 1—9g ¢

The left-hand side is the benefit from a marginal increaskarshare of output devoted to publicly

(47)

provided goods, which, given separable preferences, ittigd across agents. The right-hand
side is the cost associated with a marginal increage iBincec; can be expressed agg, 7) =

A (g)&(1) = (1 — g) Ag(7), where the termd and¢;() are independent gf, the derivative of
individual consumption with respect tpis (minus) the first term on the right-hand side(d¥).

The second term is the marginal utility of private consumptiThe key to the result in Proposition

44As explained previously, a time-varyingvould break the no-bond-trade result, and the wealth Histion would
become a relevant part of the state space.
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7 is that the marginal cost of increasing the same for every individual. A low earnings agent has
a high marginal utility of private consumption, but alsorgalittle additional consumption from
reducing average tax rates. The two effects exactly cantebad all agents agree on the optimal
choice forg.

We now consider voting over and make an additional simplifying assumption: voting ascu
before the realization of the insurable shackSincec is i.i.d., its current value has little impact
on an agent’s preferred permanent degree of progressivigyindividual state vector relevant for
a voter is, thereforgp, a, k).* Expected lifetime utility for an agent with characteristia, ¢, )

(ignoring, as usual, the separable termin) is given by

0 Wy 0w, 1
Vinemig ) =Wigm) = (1_7)1€B5%_(1_7) (Wﬁﬁé%_%@jL%)

+ (1—7’)(@—@—}—%&). (48)

Proposition 8 [median voter]. Under a majority rule voting system, the value fothat would
emerge is the value that maximizes eq. (48) for the agentthdtimedian value for the random

variabler = a — ¢ + k.

The median voter theorem applies in our economy becauserpreies are single peaked in
7. This follows from our earlier result on the concavitydf (g, ) (Corollary 4.1). Concavity
in W (g, 7) translates into concavity itV (a, ¢, k; g, 7) since the additional terms in eq. (48)
are linear inT. Note also that for the purposes of characterizing attgudeprogressivity, the
three-dimensional vector ovép, o, k) can be collapsed into the sufficient statistic Sincex
is a linear combination of Normdlp, o) and Exponential(x) variables, it is an Exponentially-
Modified Gaussian (EMG) random variable.

We find that the median voter — the agent with the median value £ would choose ¢ =
0.084. Relative to the utilitarian planner’s choi¢e* = 0.062), this modestly higher degree of
progressivity translates into an increase in the averdgetefe marginal tax rate df.8 percentage
points. To understand the difference between the two vahmse first that in the limiting case
0 — oo andv, = 0, U (:c”wd;g,r) = W (g, ) and thus the median voter would choose exactly

the same degree of progressivity as the utilitarian planfiee logic for this result is that the id-

45 is a state because agents can reoptimize their choice ftsr aker the change in.
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iosyncratic preference term appears in individual log comgtion in the form—(1 — 1)y (see eq.
22). Given a symmetric normal distribution fgrand utility that is logarithmic in consumption,
average utility is then equal to utility of the medianagent. Similar logic would apply to fixed
heterogeneity in initial labor productivity,. Thus, the reason the median voter prefers a higher
value forr has to do with the existence of permanent uninsurable shiecks- 0) and hetero-
geneity in skill prices{ < co). With respect to the former, the median voter wants a highes
insurance against future uninsurable shocks (the secomdaie the right-hand side of eq. 48).
With respect to skill heterogeneity, the agent with mediaititg < has less than average ability,
because is exponentially distributed. Thus, the mediaagent has more to gain from progressive
taxation and would choose a higher valuefor

We conclude by noting that the median voter prefers a lowkrevior 7 than our empirical
estimate. However, this result is predicated on our basettue fory. One could use the median
voter model to identify how strong the preference for publhods must be so as to deliver=
7US = 0.151 as a political economy outcome. The answeyx is- 0.057. Thus, the model can
rationalize the observed level of progressivity if agersgeha weaker preference for public goods

than we assumed in our baseline calibration.

7.2 Progressive consumption taxation

The comparison between income and consumption taxes hag &#alition in public finance and
macroeconomics. The main argument set forth by the litezatufavor of consumption taxes is
productiveefficiency. As explained by Nishiyama and Smetters (200Taxaon consumption is
an income tax where saving is exempt and, as a result, it iegp@smaller distortion on capital
accumulation compared with an income tax. Correia (2010\stthat when a flat consumption tax
is augmented with a universal lump-sum transfer, prodaatificiency can be improved without
any welfare loss in terms of higher inequality.
Here, we put forth a novel argument in favorpwbgressiveeonsumption taxe¥. We show that,

compared with progressive earnings taxation, progressinsumption taxation reduces distortions

46The median value fow is —%% Note that wheny = £, the third term on the right-hand side of eq. (48)
therefore offsets the contribution to welfare from the témm: for the median voter.
4"Implementation in our model would follow McCaffery’s (200@oposal of taxing income progressively with an

exemption for savings.
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to the distribution of labor supply and allows stronger pobion against life-cycle earnings shocks
that are privately uninsurable.
In our model, with a consumption expenditure tax/transééesne, the budget constraiit)

for household of agea becomes
_1
ACiy " +0qbiar1 =p (5:) exp (Qtig + €ia) hia + B (€ia) , (49)

where, as before; > 0 (7 < 0) denotes a progressive (regressive) scheme. Progressisernp-
tion taxation changes the hours allocation which now besome

1 1
logh (p,e;7) = log HEA (1) —p+ ;5 — ;./\/l (v:;0). (50)

Compared with(21), we note two differences. First, the pass-through fromriaisie shocks to
hours is undistorted by taxes and equal to the Frisch eitgsti¢o, not the tax-modified elasticity
1/6. Second, the productivity gain from insurable dispersions unaffected byr. The new
productivity gain termM (v.;0) = %% is obtained, as the notation suggests, by simply setting
7 = 0in M (v:;7).*® To understand these differences, recall that the consomptiocation is
independent of. Therefore, taxing consumption, instead of earnings, isran fof taxation that
specifically targets the uninsurable shocks (which pasaitir to consumption) without distorting
the response of hours worked to insurable shocks. In sungrgssive consumption taxation is
more efficient than progressive income taxation. The nexp@sition summarizes this result by

stating the form of the social welfare function.

Proposition 9 [welfare with progressive consumption tax].Under a progressive consumption
tax/transfer system, social welfare is

1 v 1 v, 1 1
W (g,7i74) =W (g, 7i71) — (14 x) |0 = — o = | + (1+x) | =ve — =] -
o2 2 02 2 o o

whereW (g, 7; 7—1) is defined in Proposition.4

The productivity gain terrr%vE becomes%v6 and the welfare loss from hours fluctuation

1 ve 1 we
—0 3% becomes-o—%.

48The consumption allocation is given by
log ¢ (p, @, 554, 7) = log ™ (A, 1) + (1 = ) M (v5;0) = (1 = 7) o+ (1 = 7) logp (s;7) + (1 = ) e,

wherelog CF4 (A, 7) = log A + (1710) log(1 — 7).
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Figure 5: The figure shows how the optimal choice fovaries with~ in the baseline flexible
(reversible) investment model and the alternative fixagyersible) investment model.

The degree of consumption tax progressivity that maximia&s™ (¢, 7;7_1) is 0.073. Be-
cause this tax system does not distort the distributionazfiaupply across households, the planner
chooses a slightly higher value ferthan under the baseline earnings tax system, thereby provid
ing better insurance against life-cycle earnings shocks.Welfare gain associated with switching
from the current earnings tax system to this progressivewoiption tax system i8.56 percent,

slightly larger than the baseline welfare gain@ percent).

7.3 Progressivity when past skill investment is sunk

In our baseline model, we assumed fully reversible investmehis implied that (i) the optimal
choice forr is independent of the pre-existing distribution of skiélad (ii) transition following any
tax reform is instantaneous. Although the assumption tikirsvestment is fully reversible lends
transparency to the analysis, it is extreme. We now congfieppposite extreme assumption,
namely that skill investment is chosen once and for all at z25fe and can never be adjusted
thereafter. This introduces an additional force in thedio® of more progressivity: by making the
tax system more progressive, the social planner can imnedgi®duce consumption inequality
in the economy without simultaneously distorting skill @stments for agents who entered the
economy in the past.

As in our baseline model, we consider an unanticipated anckfor-all change in the tax
system, defined as permanent changes in the fiscal policynptees at dat® from (7_1,9_4)

to (7,g). With irreversible investment, transition is no longertarganeous because, given an
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unanticipated change in, output gradually evolves over time as the population sbéigents
who make skill investments under the new tax regime rises.

Our baseline model is tractable, because the distributiakitds is exponential. To maintain
tractability in the model with irreversible investment, wew introduce an additional assumption
on the production technology, namely, that production gregated by cohort. Because each
cohort makes skill investments simultaneously, expedifiged futurer, the distribution of skills
within agents belonging to the same cohort is then alwayemptial, even though the aggregate
economy-wide distribution is not.

It is straightforward to show that the optimal choice foremains constant throughout the
transition and equal tg /(1 + x). Given a constant value far and a constant (by assumption)
value forr, the budget balancing value faris now time varying during transition.

When we sety = g = 0.9594, and assume that the initial steady state corresponds to our
estimated progressivity value,; = 7V = 0.151, we find that the optimal new permanent choice
for 7is 0.137. This value is larger than the optimum in our baseline modt fully reversible in-
vestment{* = 0.062). The intuition is that the utilitarian planner now usesgressive taxation to
tax away past sunk skill investments by high ability (highindividuals, a result that is analogous
to the desire to tax initial capital under the Ramsey appgrdaamptimal taxation in the standard
growth model.

Figure 5 shows how the optimal choice fowvaries with the planner’s intergenerational dis-
count factor;y, for both the baseline flexible investment model and theradite/e fixed investment
model. In both models, the more weight the planner puts omtageho entered the economy
in the past (i.e., the lower is), the larger is the optimal choice fot In the flexible investment
model, this reflects the contribution of the sixth line of €89), which captures the incentive to
redistribute to offset wage dispersion due to permanemsumable productivity shocks. A lower
~ implies more relative weight on older agents who exhibithgjosyncratic productivity disper-
sion and thus translates into a higher optimalThe optimal choice for is more sensitive to
in the fixed investment model because now another force cam@gplay: a smaller value foy
means that the planner cares more about reducing consumipdiguality among existing cohorts
(whose skill investments are sunk) and cares less abowtrtiigf skill investment for future co-

horts (whose investments will adjust). As— 1, the planner attaches so much weight to future
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generations that the short-run gains from expropriatirgg pkill investments become irrelevant,
so the optimal choices farin the models with reversible and irreversible investmemverge. In
both cases, the expression for social welfare correspanelgected lifetime utility for a newborn
agent in steady state, and the valueffdhat maximizes expected lifetime utility for a newborn is
7 = 0.040.

The baseline model with fully reversible investment and dtiernative with irreversible in-
vestment are two extremes. A compromise between the two Imaaeild be one in which it is
impossible for agents to reduce past skill investments pbenious investments can be supple-
mented for free. In this hybrid model, the welfare effectsioénticipated progressivity reductions
would be identical to those in the flexible investment moddiereas the welfare effects of pro-
gressivity increases would be identical to those in the fireestment model. It follows that, under
our baseline calibration with = (3, the optimal choice for in this hybrid model would again
ber = 0.062. The logic is that in the fixed investment model, leaving pesgivity unchanged
is preferred to increasing progressivity (recall that tpéroal choice in that model involves re-
ducing7 from 0.151 to 0.137), and thus in the hybrid model the planner will not want tor@ase

progressivity.

7.4 SKkill bias in production

So far we have emphasized a theory in which all differencegiihprices are due to differences in
the relative scarcity of different skill types. Howevertliterature has also explored an alternative
source of wage dispersion due to skill differences, nanieés in production in favor of certain
types of skills (e.g., Katz and Murphy, 1992). For examphe, production technology may put
relatively high weight on high skilled workers. We now gealeze our analysis to incorporate both

sources of skill price dispersion by extending the produrctunction in (5) as follows:

= { / exp (05) - [N (s) - m ()] 7 ds}eel, (51)

where the weightxp (os) captures the skill bias in production for skill lewel The technology in
(51) is, in essence, a multiskill version of the two-skilbguction function of Katz and Murphy
(1992). The skill bias must be bounded to ensure finite pribalncand we therefore make the

following assumption.
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Assumption 1 o < £1/4/2.

It is straightforward to verify that all the individual dsoon rules are the same as in the baseline
model, up to the fact that the return to skill is different.eféfore, Propositions 1 and 2 continue

to hold, where part 2 of the equilibrium definition in Sectibis amended to
% 7
p(s) = exp (o0s) (m) ) (52)
whereN is the effective hours supplied by every skill type (define€orollary 3.2).
The following amended version of Proposition 3 summarizes the skill prices and skill
choices are affected by the presence of skill bias in prooiuét

Proposition 10 [equilibrium prices with skill bias] . In equilibrium, the skill price is given by
logp (s;7) = mo (1) +m1 (7) -5 (K3 7) (53)

where the marginal return to skill is, () = £ + /(£)° + s+ The equilibrium distribution

of log skill premiar; (7) - s (x; 7) is exponential with parametét — 7)™ (m; (7)) 7.

As is clear from Proposition 10, the model with skill bias iroguction preserves the result
that in equilibrium, the price of skills is log-linear #1 This can be anticipated from the fact that
the logarithm of the marginal product of labor is now the Igiias ¢ plus the scarcity term from
before (see eq. 52). As before, the upper tail of the wagaldlision is Pareto, the marginal return
to skill, 7, (7), is increasing irr, and the base price,(7) is falling in 7.°° However, the sensitivity
of m; andn, to 7 is smaller the larger is the exogenous skill kiag he logic is that, in this model,
some of the price differences are duestand are therefore independent of the effect @in the
relative supply of different skill types.

The variance of pre-tax log skill prices is now

var (logp (5;7)) = (1—7)* (m1 (7))". (54)

49To simplify the algebra, we assume= n here. This assumption is innocuous for the purposes of ctimptne
optimal degree of progressivity since, as in the baselindahdhere is no interaction betweerand eithen. or » in
the expression for social welfare (recall Corollary 4.5).

-1
*'The base skill price is (1) = — 41 log <(951) = (g +4/(9)% + ﬁ) - Q) ,
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Figure 6: The figure plots the optimal degree of progressivi} under all combinations af and
o > 0 consistent with a cross-sectional variance of skill price8.1012.

It is straightforward to show that the variance is stric#ylihg (increasing) inr wheneverp >

0 (o < 0). The logic is that wherp > 0, the quantity effect of more progressivity (the skill
distribution is more compressed toward zero) dominategptlee effect (higher skill types are
relatively more scarce and command a higher wage premiuhg.nfodel in Guvenen, Kuruscu,
and Ozkan (2014) has this property: they focus on the limitase in whicld = oo and all skill
price inequality is driven by skill biag only, so that the price effect is entirely absent.

The social welfare expression in the model with skill biagnshanged relative to the baseline
model expression up to the skill-related term34i(g, 7; 7_1) (the second, third, and fourth lines
in equation 29). In the Appendix we provide exact expressfonhow these terms depend @n

Note that all the model moments we used for estimation (ini@e6) are the same as before,
except for the variance of skill prices (54). The identificatof the model parameters is therefore
the same, except for the estimatedofrom eq. (54) it is clear that skill price dispersion canmrste
from either a large complementarity between skills, i.éopad, or a large skill bias in production,
i.e., alargep.

The possible combinations ¢p, §) that are consistent with the calibration in Section 6 can
therefore be derived by assuming the same variance of skifl i.e.par (logp (s; 7)) = 0.1012,
imposingT¥® = 0.151, and using the expression for the variance in eq. (54), wisiehfunction

of p andé. Clearly, larger values af are associated with larger valuesfof

50



Next, we compute and plot in Figure 7.4 the optimdibor a range of possible values for
We construct two plots. The first, labeled “benchmark,” is thll model with all sources of
heterogeneity. The second, labeled “education only,” isipmed-down version of the model in
which agents are heterogeneous only with respeet ttn both cases, as we changeve also
simultaneously adjust, so as to hold fixed the total variance of skill prices.

This exercise yields a number of interesting insights. Tits¢ i that if skill acquisition ability
x were the only source of heterogeneity, then the optimalould be steeply increasing in
The logic is that as skill price differentials become moregenous and less sensitiveitpthe
utilitarian planner prefers more progressivity. Convissehen general equilibrium effects are
important ¢ andé are low), the planner chooses modest progressivity, utadetmg that a higher
value forr would reduce skill investment and raise the skill premiuneréby undoing to some
extent the redistribution the planner desires.

Second, inthe full model that incorporates all the redistiion motives, the optimal value for
is (i) uniformly higher than in the “education-only” modeié(ii) largely insensitive te. From the
first observation we can infer that other sources of hetereitye (preference heterogeneity, unin-
surable productivity shocks) incline the utilitarian phem toward strong progressivity, whereas
heterogeneity in skill acquisition ability inclines theapher toward more moderate progressivity
— because the planner understands that progressivity sroutdskill investment. Comparing the
optimalr plots across the two models, we can infer that whémnlarge, the planner is more con-
cerned about crowding out and thus chooses a value forthe full model that is close to the
optimalr in the education-only model. Crowding out is a bigger conaeheny is large because
a higher value for- directly reduces the private return to skill investmentn@gsely, wherp is
low, crowding out is less of a concern, because as skill tnvest falls the skill premium rises,
and thus the decline in investment is mitigated.

We conclude that under the benchmark calibration, the @btnadue forr is largely insensitive
to whether the variance in skill prices is primarily drivenielative scarcity (lowd and low) or
by a high-skill-biased production technology (higland highp). The finding that the optimat
is robust to these alternative models of endogenous skékitment is reassuring, since separately
identifying # andp is a challenging task. However, it would be wrong to infelt thrae can neglect

the skill investment margin when thinking about how prognes taxes should be. Recall from
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Section 6.2 that, when skills are exogenous, making taxeshrmore progressive is optimal.
Rather, the conclusion here is that two different textboadats of endogenous skill investment

deliver similar normative implications.

8 Conclusions

This paper has developed a tractable equilibrium framewmstudy the optimal degree of pro-
gressivity of the tax and transfer system. Our main resudinixpression for social welfare as
a function of (i) policy parameters defining the degree ofgpessivity and the level of public
expenditure and (ii) structural parameters defining pegfees, technology, and households’ ac-
cess to private insurance. These parameters regulatelgigeestrength of the economic forces
pushing for and against progressivity. A utilitarian planmants a progressive tax system to
redistribute with respect to inequality in initial conditis and to offer social insurance against life-
cycle productivity shocks that households cannot smoatiaggly. At the same time, the planner
understands that higher progressivity translates int@taggregate output by discouraging skill
investment and labor supply, and thereby exacerbates temality associated with the provision
of public goods.

We approached this problem by restricting attention to &iqudar class of tax/transfer func-
tions that fits the U.S. household-level cross-sectionatiomship between disposable and gross
income remarkably well. In addition, the optimal policy g class comes very close, in welfare
terms, to decentralizing the constrained-efficient Megallocations in a stripped-down version
of our framework without skill investment.

The presence of skill investment in the model yields seveitaresting insights. First, tax
progressivity is not an effective way to compress inequaititpre-tax wages. Although higher
progressivity does reduce skill investment, and therebypresses inequality in skills, it also has
an offsetting general equilibrium price effect: as highlsikpes become relatively more scarce, the
equilibrium pre-tax skill premium increases. Second, aldtedly, when the income distribution
is right skewed because of skill complementarity in producta thicker Pareto tail does not
necessarily translate into higher optimal marginal taggatt the top, in contrast to a well-known

result in the Mirrlees literature.
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When we parameterize the model and quantify the net impatiteofarious forces for and
against progressivity, we conclude that there would be arelfjains from making the U.S. tax
and transfer system less progressive. The associateddmaimst exceed two percent of lifetime
consumption. This finding is robust to the degree of irrabdity of skill investment and to the
relative importance of technological skill bias versudistomplementarity in determining the
skill premium. However, there is a significant interactia@tvieeen the level of spending and the
progressivity of the tax system: the more valued are puldadg, and thus the more net revenue
must be collected, the less progressive should be taxegamsfdrs. If one takes the view that
government expenditures are not valued by households,theenurrent tax/transfer scheme is
appropriately progressive.

We have also made some progress toward a positive theory pfagressivity by investigating
the fiscal policy parameters that would emerge from a mgjwmating model. We found that
the median voter prefers higher progressivity than a atiih social planner, in part because the
median agent has below-average aptitude for skill investmehis result helps rationalize why
the current tax system appears overly progressive relatithee utilitarian optimum.

Finally, we find that switching from a progressive earningstb a progressive consumption
tax would generate welfare gains, because this would be afevathe government to directly
compress dispersion in the uninsurable component of latmmmie shocks — which transmit to
consumption — without distorting responses to insurabbelsh— which affect earnings but do not

pass through to consumption.

References

ATKINSON, A. B., T. PRKETTY, AND E. SAEZ (2011): “Top Incomes in the Long Run of History,”

Journal of Economic Literaturet9(1), 3—71.

ATTANASIO, O., anD S. J. Dwvis (1996): “Relative Wage Movements and the Distribution of
Consumption,Journal of Political Economy104(6), 1227-1262.

BAakis, O., B. KAYMAK , AND M. POSCHKE (2012): “On the Optimality of Progressive Income

Redistribution,” Working Paper.

53



BENABOU, R. (2000): “Unequal Societies: Income Distribution and 8ocial Contract,Ameri-
can Economic Review0(1), 96-129.

—— (2002): “Tax and Education Policy in a Heterogeneous-Ag@unomy: What Levels of
Redistribution Maximize Growth and Efficiency Etonometrica70(2), 481-517.

CALvo, G. A., AND M. OBSTFELD (1988): “Optimal Time-Consistent Fiscal Policy with Fimit
Lifetimes,” Econometrica56(2), 411-432.

CHEN, S.-H., anD J.-T. Guo (2013): “Progressive Taxation and Macroeconomic (In) itgb
with Productive Government Spendingburnal of Economic Dynamics and Contr@7(5),
951-963.

CHETTY, R., AnD E. SAEZ (2010): “Optimal Taxation and Social Insurance with Endomyes

Private Insurance American Economic Journal: Economic Poli@&(2), 85-114.

COCHRANE, J. H. (1991): “A Simple Test of Consumption Insurancdgtrnal of Political Econ-
omy; 99(5), 957-976.

CONESA, J. C.,AND D. KRUEGER (2006): “On the Optimal Progressivity of the Income Tax
Code,”Journal of Monetary Economic83(7), 1425-1450.

CONSTANTINIDES, G. M., anD D. DUFFIE (1996): “Asset Pricing with Heterogeneous Con-
sumers,”Journal of Political Economy104(2), 219-240.

CORREIA, 1. (2010): “Consumption Taxes and Redistributiodmerican Economic Review
100(4), 1673-1694.

DIAMOND, P.,AND E. SAEZ (2011): “The Case for a Progressive Tax: From Basic Resdarch

Policy RecommendationsJournal of Economic Perspectivezb(4), 165-190.

EATON, J.,AND H. S. ROSEN (1980): “Optimal Redistributive Taxation and UncertajhiQuar-
terly Journal of Economig®95(2), 357-364.

FARHI, E., AND I. WERNING (2013): “Insurance and Taxation over the Life CyclBgview of
Economic Studies880(2), 596-635.

54



FEENBERG D., anD E. CouTTs (1993): “An Introduction to the TAXSIM model,Journal of
Policy Analysis and Managemeni2(1), 189-194.

FELDSTEIN, M. S. (1969): “The Effects on Taxation on Risk Takinggurnal of Political Econ-

omy, 77(5), 755-764.

(1973): “On the optimal progressivity of the income ta3gurnal of Public Economigs
2(4), 357-376.

GoLosoy, M., M. TROSHKIN, AND A. TSYVINSKI (2011): “Optimal Dynamic Taxes,” NBER

Working Paper 17642.

GORRY, A., AnD E. OBERFIELD (2012): “Optimal Taxation Over the Life CycleReview of
Economic Dynamigsl5(4), 551-572.

GUNER, N., R. KAYyGusuz, aND G. VENTURA (2012a): “Income Taxation of U.S. Households:

Facts and Parametric Estimates,” CEPR Discussion Paper.

(2012b): “Taxation and Household Labour SuppRgview of Economic Studie&d(3),
1113-1149.

GUVENEN, F., B. KURUscuy, anD S. OzkAN (forthcoming): “Taxation of Human Capital and

Wage Inequality: A Cross-Country Analysigteview of Economic Studies

HEATHCOTE, J., F. ERRI, AND G. L. VIOLANTE (2010): “Unequal We Stand: An Empirical
Analysis of Economic Inequality in the United States, 12006,” Review of Economic Dy-
namics 13(1), 15-51.

HEATHCOTE, J., K. STORESLETTEN AND G. L. VIOLANTE (2008): “Insurance and Oppor-
tunities: A Welfare Analysis of Labor Market RiskJournal of Monetary Economic$5(3),
501-525.

—— (forthcoming): “Consumption and Labor Supply with Parfiasurance: An Analytical

Framework,”American Economic Review

55



HEATHCOTE, J.,AND H. TSUJIYAMA (2013): “Optimal Income Taxation: Mirrlees Meets Ram-

sey,”Mimea

HECKMAN, J., L. LOCHNER, AND C. TABER (1998): “Explaining Rising Wage Inequality: Ex-
plorations with a Dynamic General Equilibrium Model of Laliearnings with Heterogeneous

Agents,”"Review of Economic Dynamici1), 1-58.

HUGGETT, M. (1993): “The Risk-Free Rate in Heterogeneous-Agenbimglete-Insurance

Economies,'Journal of Economic Dynamics and Contral7 (5-6), 953—969.

KAKWANI, N. C. (1977): “Measurement of Tax Progressivity: An Intgtanal Comparison,”
Economic Journal87(345), 71-80.

KATZ, L. F., AND K. M. MURPHY (1992): “Changes in Relative Wages, 1963-1987: Supply and
Demand FactorsQuarterly Journal of Economi¢407(1), 35-78.

KEANE, M. P. (2011): “Labor Supply and Taxes: A Surveygurnal of Economic Literature
49(4), 961-1075.

KRUEGER D., AND A. LUDWIG (2013): “Optimal Progressive Labor Income Taxation and-Edu
cation Subsidies When Education Decisions and Intergéored Transfers Are Endogenous,”
American Economic Review03(3), 496-501.

KRUEGER D., AND F. PERRI (2010): “Public versus Private Risk Sharinggurnal of Economic
Theory 146(3), 920-956.

MCCAFFERY, E. J. (2002):Fair not Flat: How to Make the Tax System Better and Simpler

Chicago: University of Chicago Press.

MEGHIR, C., AND L. PISTAFERRI (2010): “Earnings, Consumption and Lifecycle Choices,” in
Handbook of Labor Economigsd. by O. C. AshenfelteandD. E. Card, vol. 4B oHandbooks

of Labor EconomicsElsevier.

MIRRLEES, J. A. (1971): “"An Exploration in the Theory of Optimum Inceriiaxation,’Review
of Economic Studie88(2), 175-208.

56



MUSGRAVE, R. A. (1959):The Theory of Public Finance: A Study in Public Econogw York:
McGraw-Hill.

NISHIYAMA, S., AND K. SMETTERS (2007): “Does Social Security Privatization Produce Effi-

ciency Gains?,Quarterly Journal of Economi¢c422(4), 1677-1719.

PERSSON M. (1983): “The Distribution of Abilities and the ProgrégsIncome Tax,"Journal of
Public Economics22(1), 73-88.

PIKETTY, T., AND E. SAEZ (2003): “Income Inequality in the United States, 1913-199e
Quarterly Journal of Economi¢4.18(1), 1-39.

RAMSEY, F. P. (1927): “A Contribution to the Theory of Taxatiof5tonomic Journal37(145),
47-61.

ROTHSCHILD, C., AND F. SCHEUER (2013): “Redistributive Taxation in the Roy ModelThe
Quarterly Journal of Economi¢4.28(2), 623—668.

SAEZ, E. (2001): “Using Elasticities to Derive Optimal IncomexTRates,”"Review of Economic

Studies68(1), 205-229.

SAMUELSON, P. A. (1954): “The Pure Theory of Public Expenditur@gview of Economics and
Statistics 36(4), 387—389.

STANTCHEVA, S. (2013): “Optimal Taxation and Human Capital Policiegrothe Life Cycle,”

Mimea

STIGLITZ, J. E. (1982): “Utilitarianism and Horizontal Equity : The§e for Random Taxation,”
Journal of Public Economic4.8(1), 1-33.

(1985): “Equilibrium Wage Distribution,Economic Journal95(379), 595-618.

UHLIG, H. (1996): “A Law of Large Numbers for Large Economie3gurnal of Economic The-
ory, 8(1), 41-50.

VARIAN, H. R. (1980): “Redistributive Taxation as Social Insupdournal of Public Eco-
nomics 14(1), 49-68.

57



APPENDIX

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

A.1 Proof of Proposition 1 [equilibrium]

To simplify the exposition, here we conjecture that the camgstion allocation for an agent with state
(¢, €, 5) has the form

c(p,a,89,7) =exple(g,7) + (1 —7)a+ f(p,87)], (A1)

wherec (g, ) is a constant that does not depend on any individual statables, andf is a function of
individual age-invariant statgs, s). We now show that this class of allocations implies that &gedn not
want to trade the bond. In the proof of the next propositioa,sivow that, absent bond trade, allocations do
indeed take this form, verifying the original conjecture.

To prove the absence of bond trading, consider first the malrgate of substitution for an agent between
statez = (a,¢) andz’ = (o/,¢’):

expc(g,7) + (1 —7)a+ f(p 87)]
exp[c(g,7) + (1 —7)a/ + f(p,57)]

The expected marginal rate of substitution between states i

MRS, . =f =exp[—(1—7)w].

B, [MRS. 2] = BE[exp (— (1 - 7)w)] = fexp [(1- 1) [(1 - 7) + 1 2]

which is common across all agents. As a result, there areine ffam trading a non-state-contingent bond
across agents with different individual states «, ¢, s). The bond price that supports this equilibrium is,
precisely

q=Bexp |(1-7)[(1-7)+1] 2],

as stated in Proposition 1 (in log terms).

A.2 Proof of Proposition 2 [hours and consumption]

We follow the proof in Heathcote, Storesletten, and Viadg2013). We first guess that there is no bond trade
in equilibrium. Given no bond trade across agents, the catyiisties that are traded are insurance claims
againste shocks. Without loss of generality, we can therefore thihkuw economy as an island economy
where each island is populated by agents indexed by thenl &&ects(p, s) and their uninsurable wage
componenty. On each island, there are complete markets with respectstmthe competitive equilibrium
allocation can be computed as the outcome of an island{gpectial planner problem. Since agents on an
island are ex ante identical, the planner weights must balegquioss agents. Moreover, since each island
transfers zero net financial wealth between periods (bynaston) and preferences are time separable, the
island-specific planner problem is static.

The island planner’s problem, taking the aggregate fisa@bies(G, A, 7) and the skill pricep(s) as

given, is
exp[(l+0)¢],  ito }
1 -2 h log G ¢ dF,

TENIS) /E { gele) l+o (€)™ +xlog j
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subject to the resource constraint

/ c(e)dF, = \ / exp [(1 —7) (p(s) + a+¢e)] h(e) T dF.. (A2)
E E

Taking first-order conditions and substituting in the resewconstraint, one obtains

1—7 1—7 v
2 (1—27’—0’7‘)58,

log h(e) = log(1—7)— ¢+

(1+0) J+T€_(0+T
where the firstterm is hours worked by the representativetagel the last term is the constavt(v.; 7) /(o +
7). Similarly,

1—7 (I1—7)[1 =27 —oT1] v

1+010g(1—T)+(1—7')[10gp(3)+0‘_¢]+ (o0 +71) 2

log c = log \ +

The consumption allocatiof22) has the form in( A1), which confirms the no bond trade guess.
In the proof of Propositiod, we solve for\ as a function of 7, g) and other structural parameters using
the government budget constraint.

A.3 Proof of Proposition 3 [skill price and skill choice]

Recall from eq.(14) in the main text that the optimality condition for skill inséenent is

oo

1 Oulcl(p,a,89,7),h(p,87),9)
o= (L= ) By (B0 e R ST (A3)

Js

a=0

The skill levels affects only the consumption allocation (not the hourscaliimn) and only through the price
p(s;7), which is fixed over time. Hencé]4) can be simplified as

1s
K

_y \Ologp(s;T)
=(1 7)788 .

We now guess that the log-price function has the form
logp (s;7) = mo(7) + m1(7) - s, (A4)
which implies that the skill allocation has the form
s(k;7) = (1 = 7) pmi(7) - K. (A5)
Since the exponential distribution is closed under scalshkgls inherit the exponential density shape
from k, with parametet = m i.e.,m(s) = Cexp(—(s).

We now turn to the production side of the economy. Effectioarl workedV are independent of skill
type s (see Proposition 2). Aggregate output is therefore

Y:{/()W[N-m(s)]wds}&.
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The (log of the) hourly skill pricey (s) is the (log of the) marginal product of an extra effective thou
supplied by a worker with skilt, or

= 1 logY — llog [N -m (s)] (A6)

logp(s) = log[a[ ad } 7 7

I[N -m(s)]
= élog <%> — %logC—i- %s.

Equating coefficients across equations (A4) and (A6) inspligr) = g =

m(7) = |/ gari=y and thus

l n . .
6 =) which yields

B no B no
m(s) = 7(1 = exp ( 7(1 5 ,us> . (A7)
Similarly, the base skill price is
1 Y 1 no

We derive a fully structural expression fag(7) below in the proof of Corollary 3.2.

A.4 Proof of Corollary 3.1 [distribution of skill prices]

From eq. (A5) and the expression foy(7), the skill premium for an agent with ability is

n n
H,u(l—T)( TIper g "

and thus skill premia are exponentially distributed withgmaeters.
The variance of log skill prices is

mi(7) - s(k;7) = m(7) - (1= 7) pma(7) - &

1
ﬁ.

Since log skill premia are exponentially distributed, thstribution of skill prices in levels is Pareto.
The scale (lower bound) parameterip(my(7)) and the Pareto parameteris

var (logp(s; 7)) = var (mo(1) + 71 (7) - s(k; 7)) = (g)Q var(k) =

A.5 Proof of Corollary 3.2 [aggregate quantities]

Aggregate hours and aggregate effective hours are givepectvely, by
H(T) = /// h((,D,E;T) chdeadFa7
N(s;T) = N(1)= /// exp(a + e)h(p,&;7) dF,dF,dF.

Using the expression for individual hours in Propositioma @ntegrating over the normal distributions
for ¢, a, ande gives

H(r) = (1-7)T exp (m_>

52 2

(1+6)+&&>

1
N(r) = (1—7)1iaexp<7 = 5
o

= H (7) - exp <Eug> .
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Aggregate output is equal to aggregate labor earnings

Y(r) = ////p(s;T)exp(a+E)h(g0,€;7')dF5dF¢dFang (A9)

~ [psmdr N

6

- 0_1-exp(7ro(7‘))'N(7')>

where the last line follows from the fact that skill pricee &areto distributed with scatep(mo(7)) and
Pareto parametée.
Aggregate labor productivity is

Y(r) Y N oo (1
Hir) - N(r) H) P p(& >

Finally, one can solve for the base log skill pricg(7). From the production function (eq. 5), we have
that

0

vo— [T con o T asf

- v (1172)#((951) ((11797)#)) -

Comparing this equation to eq. (A9) it is immediate that

mo(T) = ﬁ (10g(1 —7)—log (g) — log (9)> * © i 1) log (9 f 1>

which is the expression reported in Proposition 3.

A.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 variable\. Second, we substitute the allocations into the socialaselfunction and show how to
obtain eq. (29).

Step 1.Ifwe letY = [y~ "di, we have
A= Z9Y (A1)

To computeY’, it is useful to aggregate by age group. &t denote average per capita disposable income
for agents of age :

ve = / ly (s, 0,6, )] " m (s) dsdF2dF,,dF.

= / [h(e)exp (p () + aq + €)' " m (s) dsdFAdF,dF..
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Substituting in the hours allocation (21), the expressuntfie skill price (23), the density function (s)
(A7), and integrating, we arrive at

— K X exp <—T(1—7)§> ,
where
R ¥ (T B, TS, RSN PR

X exp ( (1 - T)U;) exp [(1 — 7)o (7)] /eXp [(1—=7)m(7)s]m(s)ds.

Note that

/Ooexp [(1—=7)m(7)s]m(s)ds
0

- e ( <W>> (mnﬁ T>> e (‘ <u(1nf T>>% ) “

T

and recall that

molr) = 2(91— 0 <1°g(1 —7) ~log (g) ~log (9)> + ﬁ log (%1)
M - U=nA-7(1+07) v

o

Now sum across age groups to obtain

Vo= 1-0)Y e =kx(1-6)3 s%exp <—T(1—7)§>
a=0

a=0
(1 —0)exp <—T(1 - 7)%)
1—Jdexp (#%) .

Substituting(A10) and(A12) into (A11) and simplifying, we arrive at a solution for the equilibrium
value of A which, in logs, i:

7(1_7)<1+a

o+T o+T

o

= Kx

(A12)

logA = log(l—g)+

Ve
+2+0>5+1+Ulog(1—7) (A13)

+T(1—T)%p

2

2
+1 T 1—7 +1 T 7 +(9—14—7‘1 0 . 0—-1+71
201 2\ g 201 5\ g1 Blg_1)"*® 9 ‘
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Step 2.Substituting the equilibrium allocations into period iilat agea > 0, we have

;1og(1—r)—(1—r)cp+% <10g(1—7’)+log<(9_91)2%>>

l1+o 140 \ (1—=7) n
+M—exp<—m/\/l>exp< = z—:> (1+0)+(1—7)ﬁ§+xlogG—|—(1—7‘)a

The disutility cost from investing in education is

1—
u(ca, b, G) = log)\—i—l

v(s (k) = —~ = (1-7) 52% (A14)

Average cross-sectional utility (excluding skill investm costs) at age, which we denotei,, is

Ug = //// (Carh, G)dFdF.dF,dFg

a

v
— 1_ _a
73
av,
= G—(1=7)¥
- (-1,
where
1—71 v 1—7 0
i = logA\ log (1 — 1—“0711— log | ———==
u og +1+0_ og(l—7)—(1—7) =+ (9_1)<0g( T)+Og<(9_1)277>>
-7 1-7
+M— l+o —|—T—|—Xlog(gY)

and where the derivation of the expressiondaxploits the facts that

/exp <—7A1+0 M) exp<1i—05> dfF, = 1,
a(l—r1)
/(1 - T)IingH S T

Substituting in the expressions above kaandY (A13andAl10) gives

logl—7) 1
1+6)(1—-7) (1+0)
log (1 —7)

+(1+x) [ 201 + 2(91— ) log (% 0—1)"% 9(29‘1)”
T ) G s
+1log (1 oo (“5”%)) +(1+4x) Fve —aiﬁ] .

u = log(l—g)+xlogg+ (1+x)

(A15)

1—9 G2 2

Average skill investment costs for agents born after theaéorm are

1—171

20

Cy =
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whereas average net costs for those born prior to the refem a

B 1—7 1—7_4
Co = —

20 20

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

Wolg, 737-1) = (1—7) (71 po j_zoov Ujolg,7:7-1)
1 00
(1Y B iU (1B N

where the second line partitions the population into cahbarn before and after the tax reform.
Starting with the agents born after the tax reform,

[e.e]

V=B i v~ B9 S
(1—7)m;7][]j = (1—7)m; (1—55 azz;)ﬁé ua—CY>

= 2 _,Yﬁé Z(ﬁ5)aﬂa _a=h Cy

g v(1 — B0)
Now
aa:ﬁ—(l—f)a%“
SO
S (B0, = ﬁ — (-2 {B5+2(85)% + .}
a=0
0] Bé U
R R L
and thus
_ 7 Bo v —Bd Ve y—pd
4= Z —s5 " aa—ap Ty T

=0

Now look at agents born before the reform (the youngest otlwhre age 1 at the time of reform):

A== 5 Z’WU = (1—7)7(71%5555)X

]_ 00
7 H(B8) { (1 = B8) (m + (B8)a2 +
+y72(80)* {(1 — B9) (a2 + (BO)us

Adding the pieces here involvingandc, gives

( )’LL3—|— )_Eo}
+...) = Co} + ..

I51)
Va5 |

U—Cp) .

(1-
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The term iny,, is

(1—7) 21_555)><< (1=7) %) x (1= 69) x

2
{< (142(88) +3(86)* +...) + <?> (2+3(55)+4(55)2+...)+...}

2
- 0= (- (I‘T)f)x{?ﬁ+<%> <1—165+(1—155)2>+'"}

s " @ 1 (675)
. (1—7)77 X<(17)2)X{(155)(1B{S){(lﬁé)+<1ﬁj> |

Now we can add together the contributions to social welfapenfagents born before and after the
reform. The term iru is simplya. The terms irey andég simplify to give — ( ) + i‘; ((11 66)) 29(1 —7T_1).
The term inv,, is —6—5 5 (1 —7)%. Collecting all these terms gives the expression for soeédfare in
Proposition 4.

In particular, collecting the terms in,, we obtain

—7(1—7)
{(17) 8o %log(lanp<2 “w))].
~— 35 2 1-0

When~ = §, the first term in square brackets simplifies(1o— 7)%%& The second term can be
approximated as follows:

1——5exp(——iLijvw> 5 v 0 v
log< T mlog<1+—1_57(1—7)7> ::57'(1—7')1_57.

Adding the two pieces, we have

0 v, 9 Vo
T2 U7 %
where the last equality reflects the fact thatis the cross-sectional variance of the cumulated innowatio
w, and the) in the numerator reflects our assumption that wage shockss#dizing at age. = 1. We use
this approximate result when we interpret the various caorepts of social welfare in Section 5.2.

A.7 Proofs of Corollaries 4.1, 4.3,4.4,4.5

4.1:1n eq. (29), the term in_; is additively separable from all the others containinandr.
4.3: Differentiating eq. (29) with respect g the first-order condition is
1 L+ X 0,
-9 g
which immediately gives the expression fgrin eq. (30).
4.4: Differentiating eq. (29) with respect tq the first-order condition has no terms involving Thus, the
optimal choice forr is independent of.
4.5: The parameterg andn only appear in an additively separable constant in eq. (2%us, these
parameters do not appear in the first-order conditions defitie optimal choices fay andr.
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A.8 Proof of Corollary 4.2 [concavity]

Differentiating the expression for social welfare twicetlwiespect tar, it is straightforward to show that
each term except the last one involving insurable risk istBtrconcave inr. 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,c > 2 is a (weak) sufficient condition for global concavity
of social welfare with respect to.
It is straightforward to verify that the social welfare eggsion is concave in.

—(1+x) (1+0)* v,

A.9 Proof of Corollary 4.6 [y = [ case]

In eq. (28) wheny = (3, the constant terr’ simplifies tof_;&. Let E [ug] denote expected period utility
for newborn agents from consumption and leisure. The dmritan to social welfare from newborn agents

is then
1-¢

1- 85
where (1+ 3 + 2 + ...) reflects the weights the planner puts on current and futunerts of age zero.

Note that(1 — ) is the size of the population at age zero.
Similarly, the agel component is given by

(1-5) (14+8+6%+..) (1= BOE [ug] = (1 — ) - E [ug] .

1-90

(1A=

B 1+ B+ 82 +..) - (1= B0) - BOE [u] = (1 — 0) OF [uq]

where the ternfl — §) ¢ is the size of the population at age 1. And so on.
Now we need to compute how education costs factor into seehre. Education costs for the new
and future cohorts are

1—90 1 g2 1-4 1 s2
(1—5)1_65-(1+5+62+...)-E[E§_A :TM.E[E;_M].

If education decisions are fully reversible, the net skilldstment cost for an agent of typegiven
a new progressivity value and a past progressivity value ; is ﬁ (s(r;7)% — s(k;7-1)%). Thus, the
contribution to social welfare from net skill investmentserh cohorts who entered the economy in the past
is

(1-5) 11__555 ' i (%)alﬁl [ L (smsm)? — s(m: 7_1)2)}

a=1 %
_ g 1s(w;7)° 1s(k;7-1)°
=« ml—ﬂé’( [n 2% } E[n w )
Adding the two pieces gives

e |

=

Adding up these various welfare components gives the esjore$or social welfare in eq. (31).
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A.10 Proof of Corollary 4.7 [efficiency in the RA model]

The planner’s problem in the representative agent econemy i

H1+‘7
g}%?; {logC 110 + x log (gY)} (A16)
s.t.
Y = H

where the first constraint is the production function andsbeond is the feasibility constraint. Substitut-
ing these two constraints into the objective and taking-6rdeer conditions giveg* = x/ (1 + x) and
log H* = 1%0 log (1 + x). Comparing this first-best expression for hours with the petitive equilibrium
allocation in eq. (18)log H?4 (1) = 1%0 log(1 — 7), it is immediate that* = —y implements the first
best.

A.11 Proof of Proposition 5 [condition for progressivity]

Assumey = (3 and approximate the sixth line of the social welfare expoesgeq. 29) by —(1 — 7)2”7@.
Then the derivative of the social welfare expression wiipeet tor is

W(g,Ti7—1) (14X 1t T+x)
or o 20-1)(1—-7) O—1+7 20 (oc+1)(1-7)
2
+(1—T)(%+ua)—7817;3 (1+y)

We want to sign this derivative at= 0 in order to ascertain whether a marginal increase in preiligsis
welfare improving:
IW(g,7;7-1) 1+x 1 1 X

e i s R s Sl R SRS

It is immediate that this derivative is positive if and onfiytie condition in Propaosition 5 is satisfied.

A.12 Proof of Proposition 6 [efficiency withy = v, = 7 = 0]

With y = 0 there is no desire for the publicly provided good, and thesabsence of a private market for
this good is irrelevant. With,, = 0 the absence of private markets for insuring shocks ie similarly
irrelevant: such shocks are simply assumed away.

Recall that there are competitive markets for consumpfimmthe labor supply of each skill type, and
competitive insurance markets for shocksztoThus, giveny = 0 andwv, = 0 and absent government
intervention (i.e., withr = 0 and A\ = 1), the first welfare theorem applies and competitive equili
allocations are Pareto efficient and correspond to theisolt a planner’s problem.

We now derive the Pareto weights such that the solution tgliiener’'s problem corresponds to the
competitive equilibrium allocations.

Given~ = g, social welfare is equal to average period utility in crossti®n (recall Corollary 4.6).
Moreover, absent uninsurable life-cycle shocks, expeptaibd utility is independent of age. Thus the
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planner chooses allocationép, k, €), h(p, k, ), ands(y, k, €) to solve

1 2

subject to
[

///c(%ﬁ,s)FndFsadFa _ [/O‘X’ E(Z)QTldz]“7

where effective hours by skill typeis given by

:///h((p,/<;,E)exp(E)Is(%,i,a):ZdFﬁdeng.

The first-order condition with respect to consumption is

C(p,K,8)

c(p, K,€)

Y

wherey is the multiplier on the resource constraint.
The competitive equilibrium consumption allocation isegnby

1
logc(p, k,e) = 108;/\+7T0(T:0)+771(7':0)-s(z@n‘zO)—cp—i—;%
1
= log A+ mo(r 0)—1—2/1—(,0—1——%

It follows immediately that the Pareto weights must takeftren

log C(p, k) = gﬁ—wﬂb,

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

//C((p, K)dF,dF, =1

Thus,
//exp <g/{ —p+ 1/)) dF,dF,, = exp(v) /exp (%{) dF,
0
= 1,
which impliesexp(y)) = 25 and thus

0
log ((p, k) = gﬁ—w—loge_l-

Thus, we have shown that given the candidate Pareto weitllggplanner’s consumption allocation

aligns with the competitive equilibrium allocation. We neerify that given the same Pareto weights, the
equilibrium allocation for skill investment correspondsthe skill investment rule preferred by the planner.
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To simplify the analysis, we abstract from flexible labor glymnd preference heterogeneity, so that agents
are heterogeneous only with respecktaand the planner’s skill investment rule must take the fofm).

Thus, ,
Y=N- {/ fs(z)%dz] o

whereN is effective hours worked per capita afid z) is the density of skill type.
Let I, denote the unknown CDF for skills. We know that

Fy(s(k)) = Fx(k).

By the chain rule

fs(s(k))s' (k) = fa(k).

o] T (SR o)
v [/ow <];7<(:>)>% S/(“W] -

where the substitutions in the last line use= s~!(z) ands’(x)dr = dz and also exploit the fact that the
limits of integration do not change becaugé) = 0 ands(cc) = cc.
Thus, the planner’s problem can be formulated in Lagranfgim as follows:

o) 505 () At / i {logc SQ(ZE}dFH |
{ [/ Felr) 0 8 )ed/{] . /c(,{)dpﬂ}
+/O ¥(k) {s(ﬁ) - (/OH '(z)dx + s(O))] dk,

where the first line is the objective, the second is the resoconstraint, and the third is a set of constraints
linking skill investment levels and derivatives.
We know thats(0) = 0. The first-order conditions fof(x) ands’(x) are

str)

So

S F () + () =
gt | [T a0 san] 100 5500 - [T e
which we can rewrite as
WL e = [ e
1 Y (k) Ea [ s(x)



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

log ¢ () = 7 —log (6/(6 — 1))

s(k) = %li.

Substituting these into the first-order condition gives

; i - (]l\if,.ﬁ(rf)) = /:O {\/lzrexp <g:n —log (6/(60 — 1))) nexp(mj)} dx

5 - (%)%e%m) (g)é(—ll)?

which is exactly the expression for productivity per effig unit of labor supply in the text (eq. 34). Thus
the planner’s first-order condition is satisfied at the cdtitipe equilibrium allocation.

A.13 Proof of Corollary 6.1 [nonutilitarian welfare]

Given~ = j3, the contribution to social welfare from a particular irdival of agej can be written as

_ t—(1-T)p+(1—-7)a; +(1—7)%rK
: , O, R, = 1—(5(5j —T o ’
uj (0, 0, K, €) = ( ) [ _Lr_anp((lg ) (E_ (1@7) ~(1-7)k

where collects all terms that are common across agehtén this expression, the terms (1 —7) ¢
and(1 — 7) a;; capture the impact of preference heterogeneity and uribiuproductivity shocks on log
consumption. The terril — 7)x¢ = (1 — 7)m(7)s(k; 7) captures the impact of skill investment on log
consumption. Disutility from hours worked is given by thextgerm, which varies witla but is independent
of . The final term is the disutility cost of gross skill investmand is equal te-s(r; 7)2/(k2u) (note that
we again ignore the fact that net investment may be smaliexgents who entered before daje

Given planner weight§ (¢, k) = % exp (—cp + gn) , the contribution to social welfare from all agents
of agej is (1 — §)d7u plus

(1_5)53‘////5(@,,4)(1—7) {—(p—l—()éj+ = 1_11_0_exp {(1;") (5— (1/\_477)”} dF,dFdFidF..

We evaluate the integral piece by piece.
The term in—¢p is

(1—6)0 i ; ! (1-7) / //exp (—go + gﬂ) (—p) dF,dF,.dF}

= 1§17 / exp (—¢) (—p) dF, = (1- ) (1—7)%2,

51For the sake of simplicity, we assume a degenerate skitilligion at zero at the date of reform, which allows us
to ignore the last term in the expression for social welfam@lving 7_; (see eq. 31). Note that this assumption has
no impact on the optimal choice fat given reversible skill investment.
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where the last equality uses a standard formula for Gaugdizgrals.
The term inc; is

(1— o572 ; L. T)///exp (—cp + gﬁ) oj dF,dFidF, = —(1 - §)6(1 — 7)%.

The term ink is

(1— 8)5° - Laon //exp (—cp + gm) %md@dﬂ
= (1- 5)5j9 ; 1(1 —7) /exp (gﬁ:) 2—779/1 (nexp(—nk)) dr
1—

(1-7)
(1= 000 35—y

The term ine is simply —(1 — 6)67 {==.

Collecting terms, the contribution to social welfare frogeats of ageg is therefore

(1= 0)d9i+ (1~ 8)5 (1 7) (—(1i0)—‘%+v§+ﬁ>'

The corresponding expression for the utilitarian sociahper was
j ~ j 1 JUw Uy 1
1-0)u+1-0)d1l-7)|-———"———F+—].
Thus,

Wi (g, 7-1) = Wiar i) + (= oo+ (=) (3557~ 35 )

A.14 Proof of Proposition 7 [agreement on G]

Expected utility for an individual with statep, a, k, €) can be written as

. \2 st
U (9070‘7 ’%75;977—) = _%% + (1 - /Bé)EZ(B(S)a [logc(gp,a,,k;;g,T)
a=0
exp [(1+ o) ¢] . \lto
ORILE D, (4 iy 4 10 (g ()] (#17)

where we have made explicit the facts that in equilibriunil] Blvestments, hoursh, and aggregate output
Y are independent af.
Recall from eq. (22) that

1T ;: log(1—=7)+(1—7) [logp(s (k; 7)) + @ — @|+M (ve; T) ,

loge(p,a,s" (r;7);9,7) =log Mg, 7)+

where, from eq. (A13),
log A(g,7) = log(1 — g) + A(7).
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If the individual with statd p, «, k, £) were able to dictate the choice fgrtakingr as given, his optimal
choice would satisfy the following first-order condition:

1 dc O\ 1
- -=0 Al8
SN g +><g (A18)

or

which implies the desired result

A.15 Proof of Proposition 8 [median voter]

Substituting the allocations(x; 7), h (¢, e;7), ande (¢, «, s; g, ) into expected utility A17) yields

™ 1 gES log(1 — 7) N R
U = —(1-7)35+(1-5) E;) {log)\ 97+ e TM( 7)[% <,0+/<9]
(1—-7) 0 u (1—-7) l1+o l1+o
log(1 — 1 - —
ooy \led T e Gy 7o P\ sa Mt C
+xlogG.
Now, suppose that the choiceofs made before observirgg Then, the term i becomes— (see
the proof of Corollary 6.1). In addition,
= ; Bo v
_ J _ R _ _ iadt
(1 ﬁd)Ejz::O(Bé) (1-7)a;=(1-7) <a 53 >
Thus,

: _ log(1 —7) (1-7) 0 p
/U((,D,Oé,li,&gﬂ') dF. = logX(g,7)+ 1+ —I-M—I-m log(1 —7) + log (B
B oy (d=7)

~(=ne+-1)r 20 140

0 vy
+(1—-7) (oz— 1f55%> + x log G.

Recall that the baseline social welfare function is

W) = log(g.r) + 2D vy LD <1°g(1‘7)“°g< 9 H>>

(1+9) 2(0-1) (0—1)2n
v 1-7) (1-7)
SR R R s
—(1-1) (7 f555%> + xlog G
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Therefore, we can express expected utility as

v 1-—
Upamigr) = W +-n% - 0T
0 0
+(1-71) fO_vw PO u
y—0602 1—[62
+(1-7) [a—go—i- ;g]
Note thatl/ (y, a, k; g, T) is strictly concave i, sinceW(g, 7) is concave in- and the additional terms
inU (p,a,k;g,7) are linear inr.
We need to determine the median voter. A useful propertyasttie three individual statesy, ¢, x)
enter as a linear combination. Let

U
20"
The median voter is the agent with the median valuecfdincea andp are normally distributed anel
is exponentially distributed, the random variablillows an Exponentially Modified Gaussian distribution.

r=oa—p+_—

A.16 Proof of Proposition 9 [welfare with progressive constax]

To obtain the allocations when the government uses prdgeessnsumption taxation, it suffices to follow
the steps in the proof of Proposition 2, with the only diffeze being that the island-level resource constraint
(A2) now becomes

A / o(e) TR dFL = [E exp (p(s) + o+ ¢) h (¢) dF. . (A19)

With the allocations in hand, one can replicate all the stdpghke proof of Proposition 4 to obtain the
new social welfare function.

A.17 Proof of Proposition 10 [equilibrium prices with skill bias]

We guess and will verify that equilibrium skill prices ardlidinear in s, i.e.,p(s) = mg + ms . Asin
Proposition 3, the optimal skill choice is then given by= kn (1 — 7) w1 and the cumulative distribution

for skills Fi(S) =Pr(s < S)=1—exp ( a=nm T)W S) This is the CDF of an exponential distribution with

parametec = 1/ [(1 — 7) m;]. The density function is then given bfy (s) = (exp (—(s). This allows us
to compute output per effective hour:

2 6

%Z{/Omexm 5) - [Cexp (—¢s)] 7 ds}9_<<< 0-1._ ) =

Below we verify thatw L) C > p, SO output is finite.

Substituting the expressmns fgy N andm(s) into eq. (52) and taking logs yields

logp (s) = os + %105-’; (C <(9;1)C— @>_61> - glog [Cexp (—(s)].

Substituting the expression fgrgives

logp(s):—eillog<(9;1) (1—17')771 —g) + <%ﬁ+g> s.
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Note that the logarithm of the marginal product of skill typés linear ins, confirming the guess that
p (s) is linear. Matching up coefficients, i.e., setting= 1/ (6 (1 — 7) 71) + o, implies?

_0 (g>2 R S
m 2+¢2 Tea=n "
Note that Assumption 1 ensures thatis real.
Using the solution forr; and equating coefficients for the constant yields

_ 1 (0-1) 7
WO__m10g< 0 u(l—T)T_Q>’

where

0 0\? 1
Note that the logarithm of the skill premiumids - s = 5 (1 — 7) (m1)* &. It follows that the equilibrium
distribution of log skill premiaz; () - s, is exponential with parametér= (1 — )" (7 (1)) %
Finally, we verify thatp < @( . Givenm; we can characterize in terms of structural parameters the
condition under which
6-1. (0-1) 1
T -7

Now note that the left-hand side is increasingimwhile the right-hand side is decreasingdn So setting
the two sides equal defines an upper boundfsatisfying the inequality. It is straightforward to verifyat
this upper bound is given by

o<

-1 1
°T Ty o
Sincer > —1, itis clear that Assumtion 1 ensures that o.
With skill bias in production § # 0), the skill-related terms in the equally weighted socialfare

function W (g, 7; 7—1) (second, third and fourth lines in eq. 29) become as follabsttacting from the
termint_q):

0-1) 1
6 (1—7)7_9

(140 log [(1 =) T] — (14 x) 5= o

+mgﬁ—w1—rfTﬂ+wl—rfT2
1
—5 =772
Note that in order for social welfare to be finite (i.e., larg®an—ooc) consumption dispersion must not
be too large. In particular, the term in the logarithm (in seezond line) must be positive, which implies a
lower bound onr givenf andp :

1
1-1-7)PT?>0=7>1-+——.
gte
>2Note that sinces > 0, we can rule out the second root, which is always negativg: = o/2 —

Vie/2? +1/(0(1-7) <.
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Finally, consider the special case in whith- co. Then7 = g and the terms above simplify to

(1-7)%0%

—u+xn%ul—ﬂ@w41+xn%<

—~

N =

+log [1—(1=7)° ¢?] +(1—7)"¢*—
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