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Abstract

The dynamic public �nance literature underwent signi�cant changes

over the last decade. This research agenda now reached a stage when it

is able to analyze the design of social insurance programs and optimal

taxation in rich environments that can be closely matched to microeco-

nomic data. We overview the recent advances in this literature, discuss

the key trade-o�s, and explain how the prescriptions for the optimal

policy depend on the speci�c parameters that can be estimated in the

data. We also describe the relationship between the dynamic mechanism

design approach to optimal taxation and the approach that considers so-

phisticated tax functions chosen within parametrically restricted classes.
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1 Introduction

The theory of taxation and social insurance underwent a signi�cant transfor-

mation over the last decade. Advances in theoretical methods and compu-

tational techniques dramatically increased the realism of the models used for

the analysis. It is now possible to study optimal policy in environments with

rich heterogeneity and realistic uncertainty that closely match microeconomic

data. The goal of this article is to overview recent advances in this literature

and discuss its policy implications.

We focus �rst on the area that is most researched and where the link with

the empirical literature is especially tight: the theory of redistribution and in-

surance against idiosyncratic labor income shocks. Section 3 starts the discus-

sion with a static model that builds on the work of Mirrlees (1971). Although

simple, this model highlights important economic trade-o�s in designing so-

cial insurance programs that are also present in dynamic environments. This

analysis also allows us to illustrate the insights of Diamond (1998) and Saez

(2001) into how empirical estimates of the labor supply elasticity and the haz-

ard rates of the income distribution can be used to obtain sharp qualitative

and quantitative predictions about optimal taxes and transfers.

We then extend our discussion to a canonical lifecycle model with idiosyn-

cratic shocks. This environment has long been a workhorse of the empirical

labor literature (see Storesletten et al. 2004; Heathcote et al. 2010; Blundell

et al. 2012 for some examples of recent work). In Section 4 we explain how

the trade-o�s emphasized in the static environment interact with additional

dynamic considerations and describe the formulas that link the optimal labor

and capital distortions with structural parameters of the model that can be

estimated empirically. Critically, reliable estimates of some important param-
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eters have only recently became available. For example, the theory emphasizes

that higher moments of the distribution of shocks, such as kurtosis, are impor-

tant parameters that determine the form of the optimal insurance programs.

Reliable estimation of these moments became possible only recently, when

high quality administrative data became available for economic research. We

conclude Section 4 by showing simulations for the optimal insurance programs

using these estimates.

The optimal redistribution and insurance discussed in Section 4, constrained

only by informational frictions, can be implemented using a complex system

of taxes and transfers that use history dependence and sophisticated joint tax-

ation of several sources of income. This system provides a useful benchmark

that we discuss in section 5. In Section 6 we discuss alternative approaches

that are based on the analysis of simpler tax systems. We �rst describe how

research on optimal policy using parametrically de�ned tax functions achieved

signi�cant progress in analyzing realistic, empirically rich models with signi�-

cant heterogeneity and a variety of frictions. We then show how the analysis of

dynamic tax reforms can be used to evaluate various elements of the optimal

tax systems and decompose the welfare and revenue gains coming from age

dependence, e�ects of savings, and joint taxation of capital and income.

In Section 7 we describe several extensions and applications of the baseline

framework. First, we discuss the models in which shocks a�ect return to

capital rather than labor income. This speci�cation is particularly relevant to

the analysis of entrepreneurial decisions that account for a signi�cant portion

of the upper tail of the wealth distribution. The main result of the analysis is

that there is a need to di�erentially tax and carefully consider various forms of

investment � whether they are primarily �nancial or invested in the productive

business capital. Second, we discuss an active literature on endogenizing the
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skills through human capital where signi�cant recent progress is achieved both

in analyzing these models and their policy implications for optimal taxation

and a system of education subsidies. Third, we discuss recent work on estate

taxation, which emphasizes the need to carefully consider the social welfare

criteria and heterogeneity in altruism that drives bequests. Finally, we discuss

the implications of dynamic optimal taxation to the design of pension systems.

2 E�ective marginal tax rates in theory and in

the data

Most of tax theory focuses on the characterization of marginal labor and capital

distortions. Their analogues in the data are the e�ective marginal tax rates

introduced by tax and transfer systems. The e�ective marginal tax rates

measured in the data consist of two elements. The �rst element is various

taxes on income, levied either on individuals or employers, as well as taxes on

consumption. The second element comes from welfare transfers and various

social insurance programs. The phase out rules of such programs, which make

welfare bene�ts available to individuals only if their income does not exceed

a certain treshold, have an e�ect that is economically equivalent to a positive

marginal tax.1

In the United States, e�ective tax rates vary by the level and source of

income, age, family status, type of residence, etc. Di�erent states have di�erent

eligibility rules for welfare programs, and as a result there is a substantial

heterogeneity in e�ective tax rates (Maag et al. 2012). We illustrate general

1Some of the transfers, such as the Earned Income Tax Credit (EITC) in the U.S.,
provide a subsidy to low income earners. Such programs may simultaneously have negative
e�ective tax rates (for the income levels at which they are phased in) and positive e�ective
tax rates (for the income levels at which they are phased out).
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patterns using the state of Colorado as an example. Figure 1 shows income

eligibility for transfer programs and Figure 2 the e�ective tax rate for a single

parent with two children. The e�ective marginal tax rates are the highest for

moderately low and relatively high annual earnings. The former are driven

by phase out of welfare programs, the latter by progressivity in income tax

schedule. Individuals with very low earnings, below the poverty line, often face

negative e�ective taxes due to such welfare programs as the EITC. Apart from

the rates for the very poor, the e�ective marginal taxes are approximately U-

shaped. These patterns of distortions exist in many other states (Maag et al.

2012) and also are present in the federal tax programs (Congressional Budget

O�ce 2005), although there is a very substantial heterogeneity both in the

shape of the e�ective tax rate schedules and the size of the e�ective tax rates

depending on the state of residence, family status and the number of children.

Figure 1: Universally available tax and transfer bene�ts for a single parent
with two children in Colorado in 2008. Source: Maag et al. (2012).
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Figure 2: E�ective marginal tax rate for a single parent with two children in
Colorado in 2008. Source: Maag et al. (2012).

3 Redistribution and taxation in static model

We start our discussion of optimal taxation by considering a static model �rst

developed by Mirrlees (1971). We assume that individuals have a standard

utility function U (c, l) over consumption c and e�ort l, and that they are

heterogeneous with respect to their skills θ. Given the same amount of e�ort,

the higher skilled individuals can produce more labor income, y = θl. Welfare

is evaluated using a weighted sum of utilities of all households, with α (θ)

denoting the Pareto weight.

There are two ways to think about optimal taxation in this model. The �rst

approach is to postulate an income tax schedule T (y) and �nd the tax function

that is budget-feasible and maximizes social welfare. T (y) may be positive or

negative, and it captures the net e�ect of all tax and transfer programs. An

alternative approach is to consider �rst the best allocation that the government

can achieve if it has limited information about individuals' abilities, and then

to back out the implied system of taxes and transfers that can achieve this
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optimum. The two approaches are equivalent when the government has no

information about θ, the assumption that we maintain through most of this

review.2

We focus on the qualitative and quantitative properties of the optimal T (y)

and its generalizations for dynamic economies. We discuss which parameters

determine the shape of the optimal tax schedule and use empirical estimates

of those parameters to quantify the size of the optimal e�ective marginal rates.

The properties of optimal taxes can generally be traced to two main trade-

o�s that can be illustrated by the following argument.3 Let H (y) be the

distribution of labor earnings in an economy where all individuals maximize

their utility facing a tax schedule T (y) . Let h (y) be the pdf of H (y) . Consider

a perturbation of this schedule that increases the marginal tax rate on all

incomes in an interval [ȳ, ȳ + ∆] by a small amount, keeping the marginal taxes

at all other income levels �xed. The additional revenues from this perturbation

are equally distributed to everyone through a uniform shift in the tax schedule.

This perturbation is shown in Figure 3.

2Several papers studied the implications for taxation if the government can use addi-
tional characteristics that are correlated with individual's earning ability. See, for example
Mankiw & Weinzierl (2010) for a discussion of height-dependent taxation and Alesina et al.
(2011) for a discussion of gender-dependent taxation. One way to think about such taxes is
as a joint function T (y, characteristics), where characteristics are the non-income related
information used by the government.

3See Piketty (1997) and Saez (2001) who developed this line of argument.
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Figure 3: Perturbation of an income tax scheme in a static model

This perturbation has three e�ects. First, all the individuals with income

in the interval [ȳ, ȳ + ∆] face an increase in the marginal tax rate on an extra

dollar they earn. The reduction in tax revenues collected from this group is

determined by the compensated (price) elasticity of labor supply and the total

income that this group earned before the perturbation, which is approximately

equal to ȳh (ȳ) for small ∆. The second e�ect comes from an increase in average

taxes for all income levels above ȳ + ∆. The amount of additional revenues

collected from this group is determined by the size of this group, 1 − H (ȳ) ,

and the income elasticity of labor supply. The net revenue gain from these two

e�ects may be positive or negative. Since the net revenues are then returned

back to households uniformly, there is the third e�ect from redistribution of

resources between those households who earn more than ȳ and those who earn

less. This redistribution e�ect is evaluated using Pareto-adjusted marginal

utility of consumption, αUc. In the optimal tax system, the sum of the three

e�ects should be zero.
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This argument points to the elasticity of labor supply, the income e�ect,

and the hazard rate (1−H (y)) /yh (y) as the key parameters that determine

the optimal marginal taxes in this model. All else being equal, the e�ective

marginal tax rate is high when the compensated elasticity is small, and the

income e�ect and the hazard rate are large. Redistributory objectives of the

government, captured by the Pareto weights, obviously play a role as well.

Some statements can be made, however, for a broad class of redistributory

objectives. Most common welfare criteria assign weakly lower Pareto weights

to richer individuals. Since richer individuals also have lower marginal utility of

consumption, such criteria imply that, holding the elasticities and the hazard

ratio �xed, they should face higher marginal tax rates.4

We can now discuss the policy implications of this model. First, as long as

Pareto weights α are non-increasing in the skill or income, negative e�ective

marginal tax rates are not optimal. A negative marginal tax on income y

provides a transfer to agents with incomes above y at the expense of agents

with incomes below y. Since the agents with incomes below y are poorer,

their marginal utility of consumption is lower, and hence such redistribution

is suboptimal. Therefore the programs similar to the EITC are not desirable

in this environment.5

4Recent research has explored the normative assumptions often used in optimal tax the-
ory. Mankiw & Weinzierl (2010) point out a puzzling implication of standard utilitarian
optimal tax theory�namely that it recommends much greater use of �tagging,� the taxa-
tion of personal characteristics statistically correlated with income such as height, than is
found in existing policy. Weinzierl (2014) shows that the tagging puzzle, among others, can
be resolved by using an objective function for tax policy that re�ects a mixed normative
criterion. In particular, he argues that the classical principle of Equal Sacri�ce likely plays
a role in prevailing judgments of taxation and helps explain features of existing policy at
odds with conventional optimal results.

5The negative marginal e�ective tax rates may be optimal if the government uses high
Pareto weights for the agents in the middle of income distribution at the expense of the
agents in the tails. Such situations naturally arise in voting equilibria. For example, Brett
& Weymark (2014) consider a model in which taxes are chosen using majoritarian voting
and show that the marginal tax rates are typically negative for low income.
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The second broad implication for the optimal marginal tax rate can be

derived using the properties of the hazard rate (1−H (y)) /yh (y) observed in

the data. Saez (2001) documents, using the U.S. tax return data, that this

hazard rate is U-shaped: it is high at low income levels, decreases and reaches

its minimum at around $80,000 annual earnings (in 1992 dollars), and then

increases again and stabilizes around a value of 0.5. For a broad class of welfare

criteria this implies that the optimal marginal taxes should also be U-shaped

(see Diamond (1998) for formal analysis).

The previous argument overlooks the following subtle distinction. We ap-

plied our perturbation to the income distribution H(y) generated by the opti-

mal tax schedule T (y) , while in the data we observe the income distribution

generated by the existing, potentially suboptimal tax code. The two are linked

through the distribution of θ, which can be inferred from the data using one

of the two methods. One possibility is to postulate a functional form for

preferences, for example,

U (c, l) =
1

1− σ
c1−σ − 1

1 + 1/ε
l1+1/ε, (1)

and use the available empirical estimates of σ and ε together with the observed

tax code in the data to impute the distribution of θ. Another possibility is to

observe that the labor income of type θ and their skill are linked by a formula

ẏ (θ)

y (θ)
=

1 + ζu (θ)

θ
+ ẏ (θ)

T ′′ (y (θ))

1− T ′ (y (θ))
ζc (θ) ,

where ζc and ζu are compensated and uncompensated elasticities of labor

supply and T is any (optimal or not) tax schedule. Given empirical estimates

of ζc and ζu and the e�ective tax rates observed in the data, one can use this

formula to back out the distribution of θ.
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The two approaches each have their strengths and weaknesses. The �rst

approach is more indirect and requires a structural estimation of preference

parameters. The second one is more intuitive, but generally requires estimation

of relevant elasticities at di�erent points of income distribution since they

typically vary with income and are endogenous to the tax code; this approach

is also harder to generalize to dynamic and stochastic environments. For this

reason, throughout this review we use the �rst approach. In the static setting

they produce similar results.

The empirical observations about the patterns of skill distribution can be

used to obtain tight quantitative predictions about optimal taxation of the very

rich. Standard preferences imply that the marginal utility of consumption of

the very rich approaches zero. As long as the Pareto weights do not increase in

skill, this implies that it is e�cient to set taxes to maximize the tax revenues

collected from these agents. If skills are drawn from a distribution with a

Pareto tail and preferences are given by (1), the revenue-maximizing tax rate

is given by
1

1
1+εσ

+ a ε
1+ε

, (2)

where a is the Pareto coe�cient for skill distribution.6

To get a sense about the magnitude of the optimal top marginal tax rate,

assume that σ = 1. In this case the Pareto tail of the skill distribution coincides

with the Pareto tail of the empirical income distribution (see Golosov et al.

2013c for details), which Saez (2001) estimated to be around 2. Then one

can use formula (2) and empirical estimates of ε to compute the top marginal

6Saez (2001) obtained this expression in terms of compensated and uncompensated
elasticities of labor supply and Pareto coe�cient of income distribution. The formula we
use is identical to his when the elasticities are derived in terms of structural parameters of
preferences (1). Saez also provided calculations for the optimal top marginal tax rates for a
range of parameters.
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tax rate. The elasticity parameter ε has been long recognized as crucial for

estimating the labor supply responses. There is a substantial controversy

about the value of this parameter depending on whether a researcher uses

micro or macro data sets. The literature using the micro data typically �nds

small values of ε, with the labor supply elasticity being 0.3 or less.7 These

estimates imply the top marginal tax rate of 80 percent or more. On the other

hand, the macro literature often �nds signi�cantly higher elasticities, with ε

frequently being between 1 and 2 and sometimes as high as 4.8 For these

estimates, the top marginal tax rate is between 55 and 65 percent.

Summarizing our discussion, conventional welfare criteria imply that neg-

ative labor distortions are not optimal. For a large class of welfare criteria,

the observed income distribution and commonly estimated preference parame-

ters imply that the optimal labor distortions are U-shaped, with top marginal

taxes for the rich often exceeding 60 percent.

4 Dynamic economy

The static model discussed in the previous section illustrates some important

trade-o�s in optimal taxation and provides a useful benchmark but it also

has its limitations. By implicitly attributing all cross-sectional income hetero-

geneity to permanent skill di�erences, it overstates the underlying inequality

7The three commonly used elasticities are Frisch, compensated (Hicksian), and uncom-
pensated (Marshallian). In our preferences ε measures the Frisch elasticity. When marginal
taxes are constant and non-labor income is a small fraction of total earnings, the compen-
sated and uncompensated elasticities are ζc = ε/ (1 + εσ) and ζu = ε (1− σ) / (1 + εσ) .

8See Keane & Rogerson (2012) for an overview of the two literatures and the discussion
of the way to reconcile their estimates. Note that the ideal parameter for the static model
is the elasticity of the lifetime labor supply. The discussion here also abstracts from joint
family labor supply decisions, which is an important margin at which incentives to work
operate within families (Blundell et al. 2014), and from the distinction between intensive
and extensive margins (see Saez 2002, Laroque 2005, Werquin 2014 for the analysis of the
optimal taxation with adjustments along the extensive margin).
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in the economy. Both the deterministic lifecycle skill changes and transitory

shocks make the cross-sectional distribution appear more dispersed than the

true underlying heterogeneity. The static model also abstracts from capital

taxation, and it does not allow to consider the design of retirement or social

insurance systems that provides insurance against speci�c idiosyncratic shocks

such as disability or a job loss.

In this section, we discuss redistribution and the design of social insurance

in a canonical lifecycle model. We assume that individuals have �nite lives

and are subject to idiosyncratic shocks. Their initial skills are drawn from

a distribution F0 (θ), and then θt follows a Markov process. The drift, per-

sistence, volatility, and higher moments of this shock process may depend on

age. In this section, we assume that this process is exogenous; in Section 7.2

we discuss extensions of this framework to human capital accumulation. To

simplify the discussion we focus on isoelastic preferences (1) and assume that

the government can freely borrow and lend with a riskless interest rate R.

Throughout this section we assume that skills θt are unobservable to the

government and characterize properties of the incentive compatible allocations

that maximize Pareto-weighted lifetime utilities of agents. Under some tech-

nical invertibility assumptions (see Kocherlakota 2005), this is equivalent to

choosing the optimal taxes of the form Tt (yt, kt; y
t−1) where Tt is the tax sched-

ule in period t on capital kt and labor income yt. The tax may also be a function

of the history of past incomes, summarized by a vector yt−1 = (y0, ..., yt−1) .

It is useful to focus on the socially optimal incentive compatible allocations

and the implied tax system that decentralizes them for several reasons. They

provide a natural upper bound on what can be achieved with social insurance,

at least as long as the policies do not use the non-income related information

to infer individual skills. Once the properties of the fully optimal tax Tt are
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known, they can be used as a guidance to design simpler insurance systems.

Finally, the analytical tools to solve such models � the recursive contract meth-

ods developed by Green (1987), Spear & Srivastava (1987), Thomas & Worrall

(1990), Atkeson & Lucas (1992), Fernandes & Phelan (2000), Kapicka (2013)

� are readily available and they allow to obtain clean analytical insights into

the main economic forces that determine the optimal taxes and allocations.

To characterize properties of the optimal allocations, we focus on distor-

tions, or wedges, in the consumption-labor and Euler equations. Formally, the

labor distortion in period t, τ yt , for an individual with a history of skill shocks

θt is de�ned as

τ yt
(
θt|θt−1

)
= 1− −Ul (θ

t)

θtUc (θt)
,

and the capital or saving distortion τ st is de�ned as

τ st
(
θt|θt−1

)
= 1− 1

β (1 +R)

Uc (θt)

EtUc (θt+1)
,

where β is the discount rate. The discussion of the results in this section is

based on the work of Farhi & Werning (2013b) and Golosov et al. (2013c).

In dynamic economies, a planner pursues two goals while choosing incen-

tive compatible allocations in a given period. First, the planner needs to

provide insurance against new shocks that an individual experiences in that

period. This problem is essentially identical to the static model with utilitarian

Pareto weights that we discussed in the previous section. All the arguments

from the static model continue to apply with the caveat that the hazard rate

of the distribution of period-t shocks rather than the cross-sectional distribu-

tion determines the size of the optimal labor distortion. The second goal of

the planner is to ensure that period-t allocations provide incentives to reveal

information in previous periods, which is needed both for provision of insur-

13



ance against idiosyncratic shocks in earlier periods and for redistribution. For

commonly used shock processes, this e�ect is proportional to the persistence

of the stochastic processes and the previous period's labor distortion.

One implication of this discussion is that negative labor distortions are

typically suboptimal in dynamic settings. Such distortions are not desirable

for the provision of insurance against period−t shocks and, as long as Pareto

weights on the low income individuals are not too low, for redistribution.9

Farhi & Werning (2013b) characterize the law of motion of the labor dis-

tortions when shocks are log-normally distributed with persistence ρ. They

show that distortion dynamics satis�es

Et
[

τ yt+1

1− τ yt+1

1

Uc,t+1

]
=

(
1 +

1

ε

)
Covt

(
ln θt+1,

1

Uc (t+ 1)

)
+ ρ

τ yt
1− τ yt

1

Uc (t)
.

The �rst term on the right hand side of this equation captures the intratempo-

ral insurance motive. Since skills and consumption are positively correlated,

it shows a force for higher expected labor distortions in future periods. As

more shocks are being realized over time, the need to provide insurance in-

creases, requiring higher labor distortions. The second term on the right hand

side captures the intertemporal incentive motive. Since empirical literature

generally �nds that the uninsurable component of the idiosyncratic shocks is

highly persistent (Storesletten et al. 2004; Guevenen et al. 2014a), this law of

motion implies that on average labor distortions should be higher later in life.

The two objectives that the planner faces when choosing period-t allo-

cations have di�erent impact on labor distortions for high and low shocks.

Golosov et al. (2013c) show that the optimal labor distortions for unexpect-

9It is possible to construct examples of stochastic processes for which negative labor
distortions sometimes are optimal. The discussion here is based on log-normal shocks (Farhi
& Werning 2013b) and a mixture of log normals chosen to match higher moments shocks
observed in the data (Golosov et al. 2013c).
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edly high shocks are mainly determined by the need to provide intratemporal

insurance. Therefore, many arguments from the static model carry over to

dynamic environments largely unchanged for such shocks. In particular, if the

distribution of shocks is fat-tailed, the top labor income distortion is still given

by expression (2), with the only di�erence being that a is the tail parameter of

the shock process rather than the tail of the cross-sectional distribution. Even

when the tails of the stochastic process are thin, e.g. if shocks are log-normal,

marginal labor distortions are approximately constant for a large range of

high shocks.10 On the other hand, the need to provide incentive for informa-

tion revelation in previous periods determines the optimal labor distortions for

unexpectedly low shocks. For low realizations of θt they approximately satisfy

τ yt
1− τ yt

≈ ρ
τ yt−1

1− τ yt−1

(
ct
ct−1

)−σ
.

These expressions allow us to identify the key parameters which determine

the size of the optimal labor distortion. The distortions for high shocks de-

pend mainly on the elasticity of labor supply, the income e�ect and the tail

properties of the hazard rate, all of which can be estimated in the data. The

distortions do not depend on Pareto weights, age, or past shock history. On

the other hand, the optimal labor distortions for low shocks are determined

by the persistence of shocks, the redistributory objectives and the history of

past shocks, summarized by the term τ yt−1/
(
1− τ yt−1

)
.

The discussion so far has focused on the labor distortions; we now turn to

the capital distortions. Golosov et al. (2003) showed that as long as prefer-

10Technically, when shocks are drawn from a log-normal distribution or a mixture of log
normal distortions, the top marginal distortion converges to zero but the rate of convergence
is very slow, of the order ln θ.When plotted against income such distortions appear approx-
imately �at. A higher kurtosis of the stochastic process implies higher labor distortions for
large positive shocks.
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ences are separable, the optimal consumption allocations satisfy the following

expression, the Inverse Euler Equation

1

u′ (ct)
=

1

β (1 +R)
Et

1

u′ (ct+1)
.

This equation implies that a positive savings distortion is optimal as long as

there is some unrealized uncertainty in the next period. Farhi & Werning

(2012) further quanti�ed the size of the savings wedge for realistic shock pro-

cesses. First, observe that if the utility of consumption is logarithmic and

consumption is log-normally distributed with variance σ2
ε , the optimal saving

distortion is given by

τ s = 1− exp
(
−σ2

ε

)
, (3)

so that τ st ≈ σ2
ε when σε is small. The empirical estimates of the permanent

component of consumption volatility in the data are fairly low. For example,

Blundell et al. (2008) used the PSID dataset to estimate it to be around

1%, Deaton & Paxson (1994) using a di�erent methodology found it to be

0.0069, Heathcote et al. (2014a) estimated it to be 0.0056. Since these are the

estimates of the consumption volatility under the current, likely suboptimal

tax system, better insurance should reduce this number further. Therefore the

optimal savings distortions should not be very high.11 Farhi & Werning (2012)

show that they are further reduced in general equilibrium and conclude that

saving distortions play a modest role in provision of insurance.

The quantitative properties of the optimal labor and capital distortions

depend crucially on the stochastic process for the idiosyncratic shocks, in par-

ticular on the higher moments of that process. Until recently, the empirical

labor literature mainly used household surveys. It is di�cult to reliably es-

11Note, however, that this is a distortion in the gross interest rate 1 +R.
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timate higher moments with small samples and top coding prevalent in such

surveys, and for this reason the literature often estimates only the persistence

and volatility of idiosyncratic shocks. Newly available for economic research

high quality administrative data made the estimation of higher moments pos-

sible. Guvenen et al. (2014a, 2014b) use a sample of 10 percent of the working

age males in the U.S. and �nd that the stochastic process for labor earnings

has kurtosis and skewness signi�cantly larger than implied by normal distribu-

tion. Golosov et al. (2013c) use the U.S. tax code and the empirical moments

for earnings reported by Guvenen et al. (2014a) to estimate the stochastic

process for skills θ. Figure 4 shows the quantitative properties of the optimal

labor and capital distortions, which are reported for the isoelastic preferences

(1) with σ = 1 and ε = 0.5.
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A: Labor distortions as a function of current earnings
for individuals who earned $30K in the past
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C: Capital distortions as a function of current earnings
for individuals who earned $30K in the past
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B: Labor distortions as a function of current earnings
for individuals who earned $60K in the past
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D: Capital distortions as a function of current earnings
for individuals who earned $60K in the past

Figure 4: Labor and saving distortions in a lifecycle model. Lighter lines
correspond to distortions later in life. Source: Golosov et al. (2013c).
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The top row of Figure 4 shows the optimal labor distortion as a function of

income in period t of an individual who earned in all previous periods $30,000

(Panel A) and $60,000 (Panel B). Lighter lines correspond to higher t, i.e. to

distortions later in life. The optimal labor distortions are U-shaped, with the

smallest distortions around the previous labor income. Individuals who had

lower income in the past have more regressive labor distortions for earning in

period t and more progressive labor distortions for high earnings. Recall from

Figure 2 that high e�ective marginal tax rates in the data for low earnings are

associates with phase out of social insurance programs. Therefore this pattern

of labor distortions is consistent with a slower phase out of social insurance

programs for individuals with a history of higher earnings. Labor distortions

in the left tail increase with age and with the redistributory objectives of the

government (not shown on the �gure), and are approximately constant in the

right tail. The U-shaped pattern of labor distortions is optimal due to the high

kurtosis of idiosyncratic shocks, implied by the empirical �ndings of Guvenen

et al. (2014a); with log-normally distributed shocks these distortions would

have been mildly regressive and approximately �at.12

Savings distortions are shown in the bottom row of Figure 4. Savings

distortions are progressive and decreasing with age. Saving distortions are

smaller at low incomes since those individuals receive more insurance. Savings

distortions decrease with age since the same shock implies a smaller loss of the

present value of earning later in life and, hence, a�ects consumption less. As

we saw in equation (3), a lower volatility of consumption is associated with

lower labor distortions.13

12Recall from our discussion of the static economy that labor distortions are higher at
income levels where the hazard ratio (1−H (y)) /yh (y) is high and vice versa. When the
shocks and, hence, income follows a highly leptokurtic stochastic process, the hazard ratio
is large in the tails and small around the mean, which explains the U-shaped pattern.

13Farhi & Werning (2013b) were the �rst to show that the optimal saving distortions
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5 Decentralization

Once the optimal allocations are known, it is possible to �nd a tax system

Tt (yt, kt; y
t−1) that decentralizes them in a competitive equilibrium with taxes.

The optimal allocations are generally unique, while there are many di�erent

tax functions Tt (yt, kt; y
t−1) that decentralize them. Several papers inves-

tigated whether it is possible to decentralize the optimal allocations using

relatively simple tax systems.

One of the �rst discussions of decentralization in dynamic environments is

contained in Golosov & Tsyvinski (2006), who study optimal insurance against

disability shocks. They show that the optimal disability insurance can be im-

plemented with asset-tested disability bene�ts, that make insurance payments

only if the value of individual's assets is below a certain threshold.14 The

decentralization in Golosov & Tsyvinski (2006) is simple but their analysis

is restricted to only one type of shock (permanent disability). Albanesi &

Sleet (2006) considered a distribution of shocks with arbitrary support under

an assumption that shocks are iid. They showed that it is not necessary to

keep track of a past history of earnings in such settings and implemented the

optimum with a simple joint tax on labor and capital income. Kocherlakota

(2005) discussed decentralizations with more general shocks.

One of the common features of these decentralizations is that the marginal

tax rate on capital income is decreasing in current period labor income. The

intuition for e�ciency of such tax is as follows. It is desirable to provide the

largest transfers to the poorest individuals. A policy which makes individu-

als with higher wealth ineligible for some transfers appears as a high e�ective

capital tax rate. The asset-tested disability bene�ts of Golosov & Tsyvinski

decrease with age in these settings.
14Asset-tests are a part of eligibility criteria for some welfare programs in the U.S.
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(2006) is one extreme example of such phase outs. Further discussion of de-

centralizations of dynamic economies with idiosyncratic shocks is contained in

Werning (2007) and Fukushima (2010).15

An important issue is how much welfare society would lose with simpler tax

systems compared to the full optimum. Mirrlees was the �rst to investigate

this question in his original study of the optimal nonlinear taxation. He com-

puted the optimal nonlinear tax in an economy with logarithmic preferences

and log-normal shocks and found that such tax can be closely approximated

by a proportional labor income tax together with a uniform lump-sum sub-

sidy. Farhi & Werning (2013b) in their study of a dynamic economy with log-

normally distributed idiosyncratic shocks reached a similar conclusion. They

found that the optimal linear capital and labor taxes resulted in welfare loss

of 0.3 percent of lifetime consumption. This number can be further cut in half

if taxes depend on age. Golosov et al. (2013c) �nd welfare losses from linear

taxes to be larger in a model with initial heterogeneity, leptokurtic idiosyn-

cratic shocks, and concave social welfare function.

6 Evaluating the elements of the optimal taxes

The mechanism design approach to optimal taxation described above starts

with an informational friction, solves for the constrained optimal allocation to

characterize the wedges, and then �nds the tax functions that implement the

optimum. The tax functions are a priori unrestricted, and the informational

frictions determine the properties of the optimal taxes. An alternative ap-

proach is to start with parametric restrictions on the tax function rather than

15Another strand of the literature studies implementation and the role of endogenous
private insurance in these environments. See, for example, Golosov & Tsyvinski (2007),
Farhi et al. (2009), and Ales & Maziero (2009).
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with the informational friction. These restrictions still capture some important

elements of a tax code such as progressivity or age dependency.

There are several advantages to this method. First, optimizing over a set

of parameters of the restricted tax functions is often signi�cantly easier than

�nding the full informationally constrained optimum. Therefore, the quanti-

tative solutions can be found in very rich models � with multiple dimensions

of heterogeneity, sophisticated processes for ongoing stochastic shocks, and in-

complete markets. Second, the tax functions that are typically used in this

approach are already based on the features of the existing tax code. Moreover,

it is easy to add realistic features that may not necessarily be currently present

in the tax code but may be desirable. Third, as the analysis already starts

with the tax functions there is no distinction between taxes and wedges. The

main drawback of this approach is its sensitivity to the exact speci�cation of

the tax function. It is possible that slightly varying the form of the tax func-

tions may lead to rather di�erent conclusions on the nature of the optimum.

The mechanism design approach and the restricted tax functions approach are

complementary. One promising direction to further unify the two approaches

is incorporate the key prescriptions of the mechanism design approach into the

restricted tax function.

We describe several prominent papers that exemplify the optimal taxation

with restricted tax functions approach.

Conesa et al. (2009) studies à model in which household productivity has

three components � a deterministic age-dependent component that provides

an explicit lifecycle structure, a type-dependent �xed e�ect that captures het-

erogeneity in the innate ability to generate income, and a persistent idiosyn-

cratic shock. The markets are incomplete. The tax system over which the

government optimizes is restricted as follows. The capital income tax is type
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independent and is linear. The income tax function is assumed to be of the

form proposed by Gouveia & Strauss (1994). There are two parameters that

are important in this functional form. The �rst parameter determines the level

of the average tax. The second parameter determines the progressivity of the

tax code and thus allows to consider progressive, �at, or regressive tax func-

tions. Therefore, the government chooses three elements of the tax function:

the level of the linear capital tax, the average income tax, and the degree of

the income tax progressivity. Conesa et al. (2009) �nd that the optimal tax

system is given by a substantial tax on capital of 36 percent and a labor in-

come tax that is �at at 23 percent with a deduction of $7,200. Moreover, the

optimal tax system yields welfare that is signi�cantly higher (by 1.33 percent

in consumption equivalents) than welfare under the current system. The au-

thors provide a comprehensive quantitative analysis of the main determinants

of the optimal tax. First, consider the capital tax. The main reason for the

positivity and magnitude of the capital tax stems from the theoretical analysis

of the lifecycle models of endogenous labor supply. Garriga (2001) and Erosa

& Gervais (2002) show that in lifecycle models when the elasticity of labor

supply di�ers with age, and when the labor income tax is not age-dependent,

a capital income tax mimics optimal age dependency of the labor income tax.

The key reason for the progressivity of the labor income tax is the govern-

ment's motive to redistribute across households with di�erent innate abilities.

Introducing uninsurable labor income shocks during the lifetime of the agents

further strengthens the insurance and redistribution motive.16

Several papers further extend this work. Kitao (2010) shows that incorpo-

rating labor-dependent capital taxes can approximate optimal age-dependent

16An earlier paper by Conesa & Krueger (2006) also uses a similar restriction on othe
income tax function but does not distinguish between capital and labor income. It �nds the
optimal tax is a �at tax of 17 percent with a deduction of $9,400.
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taxation of both labor and capital income and improve on the prescriptions of

the high proportional capital tax. This result is related to the prescriptions

of the mechanism design approach for the optimality of joint conditioning of

capital and labor income taxes and on age-dependency of optimal tax system.

Gervais (2012) provides further theoretical justi�cations of why progressivity

in the tax system may mimic the optimal age-dependency of the optimal tax.

Peterman (2013) considers an extension in which the elasticity of the labor

supply is constant and the government is allowed to tax accidental bequests

at a separate rate from ordinary capital income. He �nds that these consid-

erations imply a lower optimal tax on capital and lower welfare gains of the

optimal restricted tax system.

Heathcote et al. (2014b) study a perpetual youth model in which house-

holds face idiosyncratic labor market shocks of two types � privately insurable

and uninsurable shocks. There is also ex ante heterogeneity of two types:

learning ability and disutility of work e�ort. The government policy is re-

stricted to a nonlinear income tax system that provides social insurance and

�nances public goods. There are two parameters of the function that can be

chosen: the progressivity of the system and the level of output devoted to pub-

lic goods. The key result that the authors derive is the closed form solution

for the optimal welfare that allows them to clearly understand how various

parameters a�ect the degree of optimal progressivity. They �nd that a utili-

tarian government would choose less progressivity than in the current the U.S.

tax system, and the gains of switching to the optimum on the order of half a

percent of aggregate consumption. The main role in the lower progressivity is

played by the endogenous labor supply, endogenous skill investment and the

externality related to public goods.

Fukushima (2010) and Heathcote & Tsujima (2014) are two papers that
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are the closest to the aim of bridging the gap between the mechanism de-

sign approach and the approach using restricted instruments. Fukushima

studies two lessons from the dynamic mechanism approach to taxation: (i)

non-separablinty in current labor and asset income with negative cross partial

derivatives; and (ii) history dependence of optimal taxes. Fukushima (2010)

replaces Conesa et al. (2009)'s optimal �at tax with an optimal non-linear tax

that is allowed to be arbitrarily age and history dependent and �nds a welfare

gain on the order of 10 percent increase in consumption for every household.

This gain mostly comes from higher per capita consumption and shorter per

capita hours as well as a shift of labor supply toward productive households,

which increases aggregate productivity. This result indicates that the gains of

considering more sophisticated tax functions may be large. Heathcote & Tsu-

jima (2014) study an environment in which groups of individuals can insure

the shocks among themselves in addition to available private insurance, and

the planner can tax the income of the families. The mechanism design problem

then becomes a static problem as the stochastic shocks are insured within the

families. The authors solve for the constrained optimum and explore whether

parametric tax functions can come close to achieving those allocations.

The discussion here illustrates the costs and the bene�ts of the restricted

tax functions approach. On the one hand, the limited number of parameters

to optimize over allows researchers to consider very rich models of both het-

erogeneity and household choices and derive closed form expressions as well as

quantitative decompositions of the sources of the welfare gains and the deter-

minants of the optimal taxes. On the other hand, the set of tax functions that

are considered is limited, which potentially leaves a large part of the welfare

gains unexplored.

A di�erent approach to analyzing the elements of the optimal taxes is
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to consider tax reforms. This approach lies between the fully optimal tax

schedules and the models with the restricted tax functions. The primary

goal of this approach is to �nd the e�ects of changing the tax system by

incorporating various elements of the fully optimal system.

Weinzierl (2011) considers the idea that age-dependent taxation, a rela-

tively simple partial reform, could capture a large share of the gains that

a fully optimal, history-dependent policy would yield. If the shape of the

income-earning ability distribution varies with age, for instance, if it is more

compressed when workers are young, tax schedules that depend on age can

achieve desired redistribution more e�ciently than age-independent taxes can.

In addition, if young workers face constraints on borrowing against future earn-

ings, age-dependent taxes can relax those borrowing constraints by shifting re-

sources from older to younger workers. Quantitatively, Weinzierl's calibrated

simulations suggest that age dependence could yield welfare gains equivalent

to one percent of aggregate output, capturing more than 60 percent of the

gains from the fully optimal, history-dependent policy. Referencing this re-

search and earlier, related work by Kremer (2002), age dependence was cited

by Banks and Diamond in their chapter for the Mirrlees Review as one of the

most promising near-term reforms of tax policy (Banks & Diamond 2008).

Golosov et al. (2014) proposes a general method to analyze tax reforms in

dynamic settings. They study a dynamic model, in which individuals' char-

acteristics evolve deterministically over their lifetime. Instead of solving for a

constrained optimal problem and then backing out the implied optimal taxes

Tt (yt, kt; y
t−1) that decentralize the optimum, they develop a method to op-

timize with respect to the tax function Tt directly. This method builds on

the perturbation ideas that Piketty (1997) and Saez (2001) applied to static

economy. The advantage of the optimization with respect to Tt is that it is
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possible to impose restrictions a-priori on the type of taxes that are available

to the government and �nd the optimum within that class. Another advantage

of this approach is that it allows the authors to evaluate gains from local tax

reforms, such as introducing some amount of history dependence or increasing

progressivity in some part of the tax code. Those gains are expressed in terms

of parameters that can be estimated in the data, such as the elasticities of

labor and savings and multivariate hazard rates.

7 Other applications

Our discussion so far focused on optimal taxation in models that abstracted

from occupational choice, human capital, capital income risk, bequests, and

many other important margins along which people make savings and labor

decisions. In this section we discuss recent literature that considers policy

implications of such decisions.

7.1 Capital income risk and taxation of wealth

Most of the analysis that we have discussed is based on an environment in

which the primary source of risk is to the labor income. At the same time,

a large literature on entrepreneurship emphasizes another source of risk � the

capital income risk � that is more pertinent to the issues of taxation of wealth.

For example, Quadrini (2000) and Gentry & Hubbard (2004) show that of

the top 5 percent of the wealthiest Americans, around 70 percent are business

owners. Moreover, a signi�cant proportion of the business owners' wealth is

concentrated in their enterprises and hence is quite risky.

Here, we discuss two papers (Albanesi 2005 and Shourideh 2012) that fo-

cus on how entrepreneurial and capital income risks a�ect the prescriptions of
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optimal taxation of wealth. Albanesi (2005) derives important results on the

possibility of a negative intertemporal capital wedge for entrepreneurs and on

the implementation of the optimal allocations under di�erent market struc-

tures in an environment in which investment is observable. Shourideh (2012)

derives results on progressivity of taxation of various forms of investment in

an environment in which investment is unobservable. Both papers highlight

the importance of carefully considering the source of investment in deriving

prescriptions for optimal taxation in environments with capital income risk.

Albanesi (2005) considers a model in which an entrepreneur exerts e�ort

that determines the stochastic returns on investment. The e�ort is private in-

formation but investment is observable. In this environment, there is a usual

intertemporal investment wedge which is positive as in Golosov et al. (2003).

This wedge captures the incentive e�ects of increasing holdings of a risk-free

asset with the return equal to the expected return to entrepreneurial capital.

However, in addition to this aggregate wedge there is also an individual en-

trepreneur's intertemporal wedge that is the di�erence between the individual

marginal bene�t of increasing capital by one unit and the individual marginal

cost. The key insight is that idiosyncratic returns to capital, which depend

on entrepreneurial e�ort, di�er from aggregate capital returns. While the ag-

gregate wedge is always positive, the individual wedge may be negative. The

intuition behind this result is as follows. There are two e�ects of increasing

entrepreneurial capital. The �rst e�ect is the adverse e�ect of additional cap-

ital providing more insurance and hence worsening incentives and decreasing

e�ort. The second e�ect stems from a positive dependence of expected returns

on entrepreneurial e�ort. When the second e�ect dominates, the resulting in-

dividual wedge is negative. This characterization of the optimal allocations

shows an important issue that the capital taxes on entrepreneurs should care-
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fully distinguish between the purpose of investment. If an entrepreneur ac-

cumulates �nancial investment such as a risk-free bond � then the positive

aggregate wedge implies that it should be taxed. If the entrepreneur increases

capital allocated to business � the possibility of the negative individual wedge

implies that this investment may be subsidized. The paper further explores

the implementation of the optimal allocation under di�erent market structures

and shows that the di�erential asset taxation is optimal.

Shourideh (2012) considers a model in which there are two frictions: the

returns on investment are private and the investment itself is private as it

can be diverted from productive capital to other assets. The main conclu-

sion of the paper is that the taxes on various forms of investment � either an

entrepreneurial investment or a �nancial investment � should be progressive.

Consider a model in which production technology is constant returns to scale

and the return on investment consists of two components: heterogenous en-

trepreneurial skill and unobservable idiosyncratic shocks. When there are no

frictions � if the agent types, shocks, consumption, and investment are observ-

able � the planner optimally allocates all investment to the most productive

agent. Moreover, the utilitarian planner redistributes across entrepreneurial

types and also provides full insurance against the investment return shocks.

However, this allocation is not incentive compatible. For example, the agent

with the highest entrepreneurial skill has no incentive to invest as his consump-

tion does not depend on the amount of investment. Consider, in contrast, an

economy with two informational frictions: consumption and investment of the

agent as well as the investment returns are unobservable. The income � the

product of investment, entrepreneurial skill, and investment shocks � is observ-

able. For simplicity, assume that the entrepreneurial types are also observable

� most of the results carry over to the case of unobservable types. Suppose that
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in addition to investing in this risky project (inside savings) an entrepreneur

can also invest in a risk free asset (outside investment). The main question

is how the informational frictions determine the distortions that the planner

optimally imposes on these two types of savings. Consider �rst the outside

savings. The tradeo� from the point of view of the planner is as follows. As

in the frictionless case, the planner wants to allocate investment to the most

productive agent. However, due to the unobservability of investment, there is

a cost that increases with the amount invested � given that full insurance is not

possible, higher investment implies higher riskiness of consumption. In other

words, more productive agents face higher risk. Suppose that there are no

taxes on the outside savings. The more productive agents want to self insure

and, hence, invest more in the risk free bond. This outside investment worsens

incentives to invest � the planner then should impose progressive taxes on the

outside investment. The intuition behind taxing the inside savings is more

involved. On the one hand, the more productive agents face a higher degree of

consumption risk, and this implies a force for regressive taxes. On the other

hand, the more productive agents invest more and therefore have higher income

� a redistributive planner then wants to impose a progressive tax. Shourideh

(2012) shows that in numerical simulations the �rst force dominates and the

taxes on the inside savings are also progressive.

We note several other papers that study optimal taxation of entrepreneurs.

Scheuer (2013) analyzes a tractable multidimensional private information prob-

lem in which agents di�er in their cost of setting up a �rm, and in their skill.

He derives the results on the optimal non-linear taxation of pro�ts and labor

income in this private information economy with endogenous �rm formation.

Panousi & Reis (2012) study optimal taxation of capital in a model with unin-

surable idiosyncratic investment risk. They combine elements of both Mirrlees
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and Ramsey frameworks and consider an a�ne tax system. Choi (2012) stud-

ies capital structure and the choice of debt versus equity in an optimal taxation

framework.

Despite the important theoretical progress that the papers described here,

the literature on optimal Mirrleesean taxation of entrepreneurs is still in its

relatively early stages. One promising direction is to move from stylized pre-

dictions in theoretical models to more quantitative studies that bring to the

forefront a variety of empirical facts on entrepreneurship. This is similar in

spirit to the evolution of the models described in Section 4 that moved from

theory to quantitative implications and policy predictions. Such evolution will

also bring the optimal taxation literature described here closer to the more

classic public �nance issues on this topic such as Gentry & Hubbard (2000) or

Cullen & Gordon (2007).

7.2 Human Capital

The most commonly analyzed shocks in the dynamic mechanism design models

of optimal taxation are the shocks to the agents' skills. An important question

is to characterize implications for policy in the environments in which these

skills are endogenously determined by human capital investment.

It is useful to separate the literature in three dimensions. The �rst two are

the models of either observable or unobservable human capital accumulation.

The third are the models focusing on optimal education policies.17

We start the discussion with the models of observable human capital ac-

cumulation. Bohacek & Kapicka (2008) study a model of human capital ac-

cumulation in which the individual skill is unobservable and is constant over

17We also note several other early papers who builds on earlier studies of taxation with
endogenous human capital by Bovenberg & Jacobs (2005, 2011), da Costa & Maestri (2007),
and Anderberg (2009).
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time. Since the skill does not change over time, the informational friction

reduces the model to an essentially static setting, and the dynamics comes

from the accumulation of observable human capital. If there are no informa-

tional frictions and the individual ability is observable, it is optimal for the

allocations to satisfy two conditions. The �rst is that the marginal rate of sub-

stitution between consumption and leisure is equated to the wage rate. The

second is that the Euler equation for human capital investment is undistorted.

Unobservability of agents' skills in the absence of human capital introduces a

(static) distortion between the marginal rate of substitution of consumption

and leisure and the wage. The question is how this distortion interacts with

human capital accumulation. Since there is a distortion in the labor choice,

labor is lower than in the unconstrained optimum. If human capital accumu-

lation is undistorted and the Euler equation is satis�ed, then schooling is also

distorted downwards compared to the undistorted optimum. The tradeo� that

the planner faces is whether or not to subsidize human capital at the expense

of introducing an additional distortion in the labor choice. Bohacek & Kapicka

(2008) show that human capital should be subsidized as long as it is optimal

to increase over time the agent's labor supply relative to schooling. We return

to the issues of implementation of the optimum with education subsidies be-

low. Kapicka & Neira (2012) study a two-period model in which the ability is

constant over time, the learning e�ort is unobservable and yields a stochastic

(risky) human capital accumulation. The model is conceptually similar to that

of Shourideh (2012) that we discussed in Section 7.1. The di�erence, however,

is that unobservability of investment in Shourideh (2012) necessarily implies

unobservability of consumption which essentially adds another friction. In

Kapicka and Neira (2012), consumption is observable and a model is closer to

a classic moral hazard model applied to human capital accumulation. They
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show that there exists a savings wedge similar to what we described in Section

4, and that this wedge in turn implies an increasing expected labor wedge.

Moreover, the gains of switching to the optimal system from the current U.S.

system are large and of the order of 8 percent of consumption.

The most comprehensive analysis of the human capital in the mechanism

design approach to optimal taxation is the work of Stancheva (2014). She

studies a dynamic life cycle model of labor supply and risky human capital

formation. The wage is a function of both stochastic, persistent, and exogenous

ability and endogenous human capital. Human capital is acquired throughout

life through monetary expenses and training time, and is observable18. The

informational friction is private observability of the initial ability of agents and

of the lifetime evolution of ability. The main result is the characterization of

the implicit subsidy to the human capital and a decomposition of the key forces

determining it. The �rst force is to counterbalance the distortions to human

capital from implicit income and savings taxes. The second is to indirectly

stimulate labor supply by increasing the wage, i.e., the returns to labor. The

third is to redistribute, taking into account the di�erential e�ect of human

capital on the pre-tax income of high and low ability people. When the wage

elasticity with respect to ability is decreasing in human capital, human capital

has a positive redistributive e�ect on after-tax income and a positive insurance

value. It is then optimal to subsidize human capital expenses beyond simply

insuring a neutral tax system with respect to human capital expenses.

The second strand of papers deals with the environments in which human

capital investment is unobservable. These models are more di�cult to ana-

lyze as they essentially add another friction making consumption unobservable.

Kapicka (2006) is an early paper that studies an environment in which individ-

18The paper also extends the results to the unobservable human capital accumulation
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ual's productivity does not change over time, human capital is unobservable,

and the government is restricted to use taxes that depend only on current in-

come. This restriction is in the spirit of the models we discussed in the section

on parametric tax functions. However, beyond the restriction of absence of

history independence the taxes are otherwise unconstrained. He shows that

unobservability of human capital tends to decrease the labor wedge when hu-

man capital becomes unobservable. Kapicka (2014) is a more comprehensive

model in which skills do not change over time and human capital accumulation

is unobservable. The key insight is that unobservable human capital e�ectively

makes preferences over labor nonseparable across age. Then the analysis can

be reduced to analyzing classic Diamond (1998) and Saez (2001) elasticity

based formulas. Kapicka (2014) further shows that the optimal marginal in-

come taxes decrease with age and that the behavior of cross-Frisch elasticities

is essential in explaining the decline.19

Finally, we consider the issue of optimal education policies. The implemen-

tation of the optimal allocations in Bohacek & Kapicka (2008) and Stancheva

(2014) have direct policy relevance. The positive human capital wedge in Bo-

hacek & Kapicka (2008) can be implemented with positive marginal schooling

subsidies. The simulations of the welfare gains of implementing the opti-

mal schooling subsidies compared to the system with a �at income yields a

signi�cant income gain on the order of 8-9 percent of consumption. The im-

plementation in Stancheva (2014) is more involved as the model is stochastic.

She shows two ways of implementing the constrained e�cient allocations: In-

come Contingent Loans and a Deferred Deductibility system. In the Deferred

Deductibility scheme, only a part of the current investment in human capital

19See also Grochulski & Piskorski (2010) for a model of unobservable human capital
accumulation.
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can be deducted from current taxable income. The remainder is deducted

from future taxable incomes, to account for the risk and the nonlinearity of

the tax schedule. The deduction schemes for higher education expenses are

rather common, but are usually contemporaneous to the expense. The Income

Contingent Loans proposed to implement the optimum are, however, rather

di�erent from the existing programs as the optimal the loan repayment sched-

ules are contingent on the past history of earnings and human capital invest-

ments. Most importantly, the Income Contingent Loans observed in practice

focus almost exclusively on the downside, so that repayments can be deferred

or forgiven in times of economic hardship. The optimal scheme is also focused

on the upside, with repayments potentially increasing after a good history of

earnings.

A sequence of papers by Findeisen and Sachs focus speci�cally on the ed-

ucation policies. Findeisen & Sachs (2012) study optimal education and tax

policies in a heterogeneous agents model with idiosyncratic uncertainty. They

show that optimal allocations can be decentralized by a combination of in-

come taxes and student loans that come with income-contingent repayment.

Their quantitative exploration reveals that the optimal loan repayment is in-

creasing in income. Furthermore, they �nd signi�cant welfare gains from the

income-contingency of loan repayment. Addressing the issue of time consis-

tency, Findeisen & Sachs (2014a) analyze optimal education subsidies for the

case that the government lacks commitment. Once human capital investment

is sunk, the government is tempted to make the income tax code more pro-

gressive than announced. This creates an additional rationale to distort the

education margin. Since the government anticipates its temptation to increase

income taxes, it makes education subsidies more progressive. The reason is

that this implies a lower degree of inequality in human capital and therefore
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mitigates the incentives to increase taxes. From a more applied and quanti-

tative point of view, Findeisen & Sachs (2014b) study the design of college

subsidies and income taxes within a life-cycle model where individuals di�er

among multiple dimensions of heterogeneity. In a carefully conducted quan-

titative exploration, they �nd that a universal increase in college subsidies or

grants is to a large degree self-�nancing via higher tax revenue in the future.

Targeting such a grant increase to students from low-income households even

triggers an increase in future tax revenue that exceeds the costs of the grant in-

crease. Concerning tax design, they �nd that the excess burden via the college

channel is low as compared to the excess burden via the labor supply channel.

Consequently, quantitative results for optimal income taxes are barely a�ected

by the endogeneity of the college decision.

Finally, the work of Krueger & Ludwig (2013) bridges the gap between the

literature described here and the more standard quantitative analysis of the

education subsidies. They use a restricted tax system approach. The gov-

ernment chooses the degree of progressivity (through a level of deduction in

otherwise linear income tax), and the level of the labor income tax, educational

subsidies, and the amount of government debt. They quantitatively charac-

terize the optimal mix of progressive income taxes and education subsidies in

a large-scale overlapping generations model with endogenous human capital

formation, borrowing constraints, income risk, intergenerational transmission

of wealth and ability, and incomplete �nancial markets. Moreover, they also

study the transition to the steady state. The main result is that that the

welfare-maximizing �scal policy is characterized by a substantially progressive

labor income tax code and a sizable subsidy for college education. Both the

degree of tax progressivity and the education subsidy are larger than they are

under the current U.S. policy.
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We conclude that the studies of the optimal dynamic taxation with endoge-

nous skills and human capital form a large and promising research agenda that

already delivered a signi�cant number of policy relevant prescriptions.

7.3 Taxation of bequests

An important policy question is how estate taxation should be designed. Farhi

& Werning (2010) and Piketty & Saez (2013) are two recent contributions to

this issue.

It is easiest to illustrate the intuition for the Farhi & Werning (2010) re-

sults through the two period example they develop in the paper. Consider an

economy with two generations � parents and children. The friction is unob-

servability of the ability of the parents. The children do not work and only

consume bequests. The parents' utility places a positive weight on children's

utility. The key issue that determines the prescription for taxes is the na-

ture of the social welfare function. Consider �rst the social welfare objective

that maximizes the expected utility of the parents. In this case the Atkinson

& Stiglitz (1976) uniform commodity taxation result applies and there is no

need to distort the intertemporal choices of the parents. The estate tax is zero,

and there is a nonlinear labor income tax on parent's income. Now, consider

a social welfare criterion that places a positive weight on the utility of the sec-

ond generation � the children. Farhi & Werning (2010) show two stark results:

that estate taxation should be progressive and that the marginal estate taxes

should be negative, so that all parents face a marginal subsidy on bequests.

The intuition is best understood through an externality interpretation. One

can think of consumption of the children that the parents enjoy as a good that

imposes a positive externality on the generation of the children. The exter-

nality is, however, not a function of consumption but rather a function of the
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utility of consumption. The externality is thus stronger for children with low

consumption. Hence, the implicit subsidy that corrects this nonlinear exter-

nality should be progressive. They further show that the optimal allocation

can be implemented with a simple nonlinear tax on bequests, levied separately

from the income tax.20 Farhi & Werning (2013a) further develop the theory

of estate taxation and focus on the di�erences in the degree of altruism. They

show that optimal estate taxes depend crucially on redistributive objectives.

The taxes can range from zero in an environment where there is no direct

weight placed on children under a proper normalization of utility, to subsidies

when there is a positive weight on children's welfare, to taxes when there is

Rawlsian preference for equality of opportunity of children.

Piketty & Saez (2013) consider a dynamic stochastic model in which there

are two types of heterogeneity: in tastes for bequests and in labor productiv-

ities. They consider a restricted tax system that is linear or has two brack-

ets. Their key contribution is to express the optimal tax formula in terms of

estimable su�cient statistics, including behavioral elasticities, distributional

parameters, and social preferences for redistribution. They show that the

optimal tax rate is positive and quantitatively large if the elasticity is low,

bequests are quantitatively large and highly concentrated, and society cares

mostly about those receiving little inheritance. In contrast, the optimal tax

rate can be negative when society cares mostly about inheritors. For the real-

istic parameters, the optimal inheritance tax rate is on the order of 50 to 60

percent�or even higher for top bequests.

Summarizing, these papers deliver important policy relevant predictions

for estate taxation, concluding that the sign of the tax depends on the choice

of the welfare function and on the heterogeneity of altruism.

20One implication of Shourideh (2012) model is that the bequest taxes should be negative.
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7.4 Design of optimal pension systems

Designing optimal pension systems is another key area of optimal taxation.

In this section, we discuss several examples of recent work on optimal pension

systems � both using the restricted tax functions approach and the dynamic

mechanism design approach.

Huggett & Parra (2010) analyze how well a stylized version of the U.S.

social insurance system provides social insurance. They �rst solve for the fully

optimal incentive constrained allocation in a model in which there are only

permanent shocks. They �nd that the gains of switching from the current

U.S. pension system to the optimal are very large and on the order of 4 per-

cent of consumption. Then they consider two reforms in which they change a

restricted tax function in a model with idiosyncratic stochastic shocks. First,

Huggett & Parra (2010) consider an optimal reform of the social security bene-

�t function which is chosen in the class of piecewise-linear functions of average

past earnings without changing the social security tax rate or the income tax

system. This reform leads to almost no welfare gain in the permanent-shock

model. In the model with stochastic shocks the best bene�t function leads

to gains worth 1.15 percent increase in consumption. The second reform is

to eliminate the social insurance system and replace it with an optimal tax

on the present value of earnings. An optimal present-value tax chosen within

a class of increasing step functions achieves a welfare gain of 3.95 percent of

consumption in the permanent-shock model - nearly all of the maximum pos-

sible welfare gain. However, in the full model this optimal reform leads to no

welfare gain.21

We now turn to the analysis of pension systems within the mechanism de-

21Golosov et al. (2013b) extend Huggett & Parra (2010) to a model with both extensive
and intensive margins.
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sign approach. The work on optimal disability insurance (Golosov & Tsyvinski

2006) can also be thought of as understanding some elements of the optimal

pension system that addresses permanent shocks.22 The main insights that we

already discussed are that this insurance should feature asset testing and the

transfers should be conditioned on the wealth of the agents. The most com-

prehensive study of the issue is recent work by Shourideh & Troshkin (2013).

They study a lifecycle environments with both intensive and extensive labor

margins. The key tension in their environment is between redistribution and

provision of incentives: while it may be more e�cient to have highly productive

individuals work more and retire older, earlier retirement may be needed to

give them incentives to fully realize their productivity while they work. They

show that e�cient retirement ages must increase in productivity and imple-

ment the optimal allocations with pension bene�ts that not only depend on

the age of retirement, but are designed to be actuarially unfair. In a calibrated

model they �nd that it is optimal for the most productive workers retire later

than they do in the data and older than their less productive peers, in contrast

to the pattern observed in the data. They �nd signi�cant welfare gains from

switching to the optimal system ranging from 1 to 5 percent of consumption.

The key message of the paper is that distorting individual retirement deci-

sions provides a powerful policy tool to undo incentives to retire earlier that

are imbedded in any labor income tax.

Hosseini (2013) studies the role of social security in providing insurance

when there is adverse selection in the annuity market in a life-cycle model

in which individuals have private information about their mortality. The key

additional friction is that contracts are non-exclusive and insurers cannot ob-

22We also brie�y note a related literature that deals with designing sophisticated welfare
systems such as Pavoni & Violante (2007).
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serve individuals' trades. These two informational frictions, unobservability

of types and trades, lead to the equilibrium price of annuities to be higher

than the overall actuarially fair value of their payment. The author devel-

ops a sophisticated quantitative analysis that uses data on subjective survival

probabilities in the Health and Retirement Study (HRS), calibrates the model,

and matches the key facts on the average replacement ratio of bene�ts and the

average fraction of retirement wealth that is annuitized outside social security.

The quantitative results show that social security can improve welfare ex ante

but the welfare gains are small. One reason for this is that the gains to low

mortality individuals are small due to high annuity prices in the presence of

social security. Social security leads to a crowding e�ect which reduces the

annuity demand by high mortality types. This leads to more severe adverse

selection in the private annuity market and high premium. The crowding out

e�ect is related to the work on endogenous insurance in the dynamic optimal

taxation models (Golosov & Tsvyinski 2007) and in the models with endoge-

nously incomplete markets (Krueger & Perri 2011).

8 Conclusion

The dynamic public �nance literature achieved signi�cant progress in a rel-

atively short period of time. What started as an abstract optimal dynamic

contracting framework now became an active research agenda that delivers

theoretical, quantitative, and empirical results that are increasingly relevant

to policy. An important development is convergence between two approaches

on optimal dynamic taxation: the dynamic mechanism design approach and

the approach that uses sophisticated parametrically restricted tax functions.

The dynamic mechanism design approach is moving in a direction of using in-
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creasingly rich and empirically motivated environments delivering quantitative

analysis that is increasingly policy relevant. The approach that uses the para-

metrically restricted tax functions is moving in a direction that incorporates

increasingly more sophisticated taxes that are often motivated by the theoreti-

cal and quantitative �ndings of the dynamic mechanism design approach. One

area of research that we hope will bring these approaches even closer together

is analysis of sophisticated tax reforms that we attempted in Golosov et al.

(2014).

We now brie�y outline several other important strands of research that we

omitted due to the space limitations of this review. An active research agenda

studies optimal unemployment insurance with a variety of frictions (Werning

2002, Shimer & Werning 2007, 2008; Pavoni 2007; Chetty 2008; Golosov et al.

2013a). Several recent papers study the design of sophisticated welfare policies

in the context of labor markets (Pavoni & Violante 2007), disability insurance

(Low & Pistaferri 2010), and the interaction of unemployment and disability

insurance (Kitao 2013). Rothschild & Scheuer (2013, 2014) studied the e�ect

of taxation on occupational choice, Blundell & Shephard (2012), Kleven et al

(2009) analyzed taxation with more realistic family structure, Golosov et al.

(2013d) studied optimal taxation with multiple dimensions of unobservable

heterogeneity.
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