From the holdings of the Department of Special Collections , Princeton University Library,
Princeton, NJ

These documents are either in the public domain, or can only be used for educational and research
purposes (Fair use) as per U.S. Copyright law (text below). By accessing this file, all users agree that their
use falls in the public domain or within fair use as defined by the copyrightlaw. We do not charge any
permission or usage fees for the publication of images of material inour collections, including those provided
by Princeton University Library, via our website, catalog, or directly from staff.For more information
regarding copyright, credit, and citation please review the information onthe Copyright, Credit and Citation
Guidelines page of our website.
https://library.princeton.edu/special-collections/policies/copyright-credit-and-citation-guidelines. If you have
any questions, including how to order higher-quality images from the collection, contact Special Collections
Public Services via our Ask Us! Form. https://library.princeton.edu/special-collections/ask-us

Doctoral Dissertations, 2011-2026 Economics

2016

Essays in Public Economics

OLEA DE SOUZA E SILVA, PEDRO MIGUEL

Princeton, NJ : Princeton University

http://arks.princeton.edu/ark:/88435/dsp01wd375z71q

U.S. Copyright law: The copyright law of the United States (Title 17, 8108, United States Code) governs the
making of photocopies or other reproductions of copyrighted material. Under certain conditions specified in the
law, libraries and archives are authorized to furnish a photocopy or other reproduction. One of these specified
conditions is that the photocopy or reproduction is not to be used for any purpose other than private study,
scholarship, or research. If a user makes a request for, or later uses, a photocopy or reproduction for purposes
in excess of fair use that user may be liable for copyright infringement. This institution reserves the right to
refuse to accept a copying order if, in its judgment, fulfilment of the order would involve a violation of copyright
law. https://www.copyright.gov/title17/title17.pdf



ESSAYS IN PUBLIC ECONOMICS

PEDRO MIGUEL OLEA DE SOUZA E SILVA

A DISSERTATION
PRESENTED TO THE FACULTY
OF PRINCETON UNIVERSITY
IN CANDIDACY FOR THE DEGREE

OF DOCTOR OF PHILOSOPHY

RECOMMENDED FOR ACCEPTANCE
BY THE DEPARTMENT OF
EcoNnoMics

ADVISER: PROFESSOR MIKHAIL GOLOSOV

MaAy 2016



(© Copyright by Pedro Miguel Olea de Souza e Silva, 2016.

All rights reserved.



Abstract

This dissertation is comprised of three separate chapters that study the optimal de-
sign of different government policies. In the first chapter, which is joint work with
Christian Moserﬂ I study the optimal design of retirement savings policies and how
under-saving for retirement can be dealt with by the government when there is also
considerable income inequality in the economy. I find that a redistributive govern-
ment would find it optimal to provide more flexibility on savings of higher earners,
thorugh the usage of special retirement savings accounts (401(k)s), and this govern-
ment would find it optimal to offer social security benefits to make sure low earners
have sufficient resources during retirement. In the second chapter, I study the optimal
design of labor income taxes when there is advance information about the unobserv-
able heterogeneity in labor earnings ability into the future. I find that the standard
optimal taxation results are greatly affected, and in particular top income tax rates
can differ significantly if the Pareto tail of the distribution of labor earnings ability
differs across workers with different expectations. I find in the data from the Survey
of Consumer Finances that there are significant differences on the Pareto tail of the
distribution of earnings ability across different educational levels. Therefore, optimal
income taxes across those groups differ significantly. Finally, in the third chapter,
which is joint work with Michael Sockin?| I study the optimal design of subsidies
to higher education. I find that the optimal subsidy level satisfies a simple formula
that depends on three key components: the redistributive motive; the extensive mar-
gin elasticity of education attainment with respect to the cost of education; and the

elasticity of aggregate labor supply with respect to the cost of education.

!Princeton University.
2University of Texas at Austin.
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Chapter 1

Paternalism vs Redistribution:
Designing Retirement Savings

Policies with Behavioral Agents

This paper develops a theory of optimal savings and redistributive policies when in-
dividuals under-save for retirement because of a behavioral bias. The two central
features of our model are labor income inequality, arising from unobservable earnings
ability differences, and heterogeneity in savings rates, due to unobservable degrees
of present bias. The interaction between government’s redistributive preferences and
its paternalistic motive to correct savings leads to a novel insight: the optimal policy
offers low income individuals a one-size-fits-all savings instrument, resembling social
security, whereas it offers high income individuals a set of policies tailored to their
heterogeneous preferences, similar to 401(k) and IRA accounts in the United States.
The rationale for this policy is that the government uses flexibility at high earnings
as a reward for generating income that can be taxed and used for redistribution. In a
quantitative exercise, we use our normative model to evaluate the current U.S. social

security and tax-transfer system. We find the current system to be inefficient, inde-



pendent of redistributive preferences. Relative to the utilitarian benchmark, current
social security benefits are consistent with more progressive social preferences, while
the tax-transfer system suggests lower progressivity. We explore the implications of
our theory for other behavioral contexts as well as for non-behavioral Pigouvian tax

policies. []

1.1 Introduction

With a budget of more than $700 billion dollars in 2014, the social security survivors
and old-age benefits program is the largest U.S. federal government social policy.
The public finance literature has suggested this program is a paternalistic policy
that aims at helping individuals save for retirement [26, 64, B33]. The large body of
evidence for present bias and heterogeneity in present bias reinforces the importance
of corrective retirement savings policies, while the rise in labor income inequality in
the U.S. has brought redistributive policies to the center of the policy discussion in
recent years.E|An under appreciated fact by both economists and policy makers is
that savings policy and redistributive policy are likely to interact in non-trivial ways.
For example, a policy that correct savings might reduce incentives for working as

behavioral workers cannot allocate consumption the way they think is best, making

IThis Chapter is based on a co-authored project with Christian Moser from Princeton University.
We want to thank Mike Golosov for invaluable advice, guidance and encouragement throughout this
project. We would also like to thank Dilip Abreu, Roland Bénabou, Olivier Darmouni, Henrique
De Oliveira, Oleg Itskhoki, Cinthia Konichi Paulo, Ilyana Kuziemko, Ben Moll, Stephen Morris,
Wolfgang Pesendorfer, Richard Rogerson, Juan Pablo Xandri and Sharon Traiberman. We also
thank specially Mark Aguiar and Nobu Kiyotaki for detailed comments on the draft. We benefited
from comments and suggestions by seminar participants at the Princeton Macro Student Workshop,
the Princeton Microeconomic Theory Student Lunch Seminar, the Princeton Public Finance Working
Group, Syracuse University Maxwell School Of Public Policy, Federal Reserve Bank of Atlanta,
FGV-SP (EESP), FGV-Rio (EPGE), PUC-Rio, Insper, the University of Sdo Paulo Economics
Department, the 2014 Conference of German Economists Abroad at Kiel IfW.

2See [90], [76], |11], [57] and [I8] for recent findings both on the presence of behavioral biases
and its considerable heterogeneity. [80] and [9] document the increase in labor earnings and wealth
inequality in the United States.



it harder for the government to redistribute. Thus understanding these interactions
is of key importance to the public economics and behavioral economics literature.

In this paper, we develop a two-period model with unobservable heterogeneity in
labor earnings ability and in the level of present bias to study the interaction between
policies aiming at correcting savings choices and policies aiming at reducing economic
inequalityﬂ Our main finding concerns the shape of optimal retirement savings poli-
cies across different earnings levels when the government has a redistributive motive.
At low earnings, policy forces individuals with the same ability but different present
bias to save at the same rate. Thus optimal policy is paternalistic and leaves little
flexibility for agents in savings decisions. At high earnings, optimal policy is less
paternalistic and it offers individuals with the same ability but different present bias
more flexibility on their savings choices. As a result, at low earnings optimal policy
resembles forced savings through social security and at high earnings there are tai-
lored subsidies or taxes on savings that resemble the availability of multiple individual
retirement savings accounts, similar to 401(k)s or IRAs in the United States.

Three key forces in the model interact to generate our main finding. First, concern
for present bias leads the government to help people increase their retirement savings.
Second, the government uses all available tools to reward hard work so as to improve
redistribution. There are two different ways to achieve this in our model: allowing
individuals to keep some of their earnings and allowing individuals to indulge to
their present bias. Third, as there is unobservable heterogeneity in present bias, the
government wants to curtail flexibility on savings. By restricting the menu of savings
options available to individuals, the government provides social insurance against
the behavioral bias. This is true even if retirement savings are not at the first best
level. Because of the interaction of those three forces, there is a push for paternalistic

savings policies, whereby the government favors forced savings at low earnings, but

3n Appendixwe extend our main results to a many period model with hyperbolic preferences.



at the same time a driving force for more flexibility so that high earnings individuals
can indulge to their heterogeneous biases.

As usual in the public economics literature, there are different mechanisms the
government can use to implement optimal policy, however we provide an implemen-
tation that uses three sets of policy tools. First, the government grants retirees a
retirement benefit whose level depends on labor earnings during working life. In ad-
dition, young people cannot borrow against their retirement benefits. Second, there
is both a regular savings account and multiple special retirement savings accounts.
There is a cap on contributions to each special retirement savings account, and the
cap depends on the labor earnings level of the person. Lastly, there are taxes on labor
earnings and on savings returns. The labor income tax is non-linear in labor earnings
and depends on which special retirement savings accounts the person contributes to.
Taxes on the regular savings account are linear on savings but depend on earnings.
Finally, taxes on special retirement savings accounts are lower than the tax on the
regular savings account, and these taxes can also vary by the earnings level.

This implementation is particularly suitable for a comparison with current policy.
The set of instruments we choose is very close to the set of instruments actually used
by the U.S. government. For instance, retirement benefits directly translate into social
security benefits and special retirement accounts resemble defined contribution plans
such as a 401(k) account and individual retirement accounts (IRA). To the best of our
knowledge, this is the first paper to highlight that a multitude of special retirement
accounts can be used to implement optimal retirement savings policies when there is
redistribution.

We find that an optimal retirement savings policy offers both social security old-
age benefits and 401(k)-like retirement accounts to high earners, and only social
security old-age benefits to low earnings individuals. Importantly, 401(k)-like retire-

ment savings accounts are not available at low labor earnings. Indeed, low earnings



individuals rely heavily on retirement benefits. High earnings individuals that have
less present bias use retirement savings accounts, but high earnings individuals that
have severe present bias rely more on social security.

In order to compare current U.S. policy and the normative model prescriptions, we
calibrate the distribution of discounting preferences and labor earnings ability in the
data. We use current policies and data on wealth at retirement from the Health and
Retirement Survey to calibrate for the joint distribution of discount factors and labor
earnings. We find a considerable level of heterogeneity in discount factors and a small
positive correlation with earnings.ﬂ These findings are consistent with estimations of
heterogeneity in discount factors in the literature and also with a high heterogeneity
in present bias found in the behavioral economics literature[/]

Simulation of optimal policy in our model is complicated because of the govern-
ment’s two-dimensional screening problem. It is well known that results for multidi-
mensional screening problems are hard to prove in closed form, it is also true that
the presence of thousands of incentive constraints makes numerical solutions equally
difficult ([58]). To this end, we develop a stable numerical solution algorithm to solve
our model. Our algorithm searches for the smallest subset of incentive constraints
that are relevant to the global solution of the problem.

Using calibrated parameters, one still needs to fix government preferences to solve
for optimal policy. The government has a discount factor and a redistributive motive.
The government discounts retirement consumption of individuals using its discount
factor (paternalism) and assigns welfare weights to different individuals depending on

their earnings ability (redistribution). We use two alternative procedures to choose the

4In Appendix we provide an alternative calibration with heterogeneity in present-bias in
an incomplete markets life-cycle model with many periods and hyperbolic preferences. The level of
heterogeneity we find in discounting of retirement savings is comparable to the one obtained in the
benchmark calibration. Therefore, for the sake of not introducing a more complicated model only
for the calibration section, in the main text we present only the calibration of the two-period model.

°See [3] and [4] for heterogeneity in discount factors. [76], [II] and |I8] using experimental
evidence find also considerable heterogeneity in present-bias.



government preferences. First, we develop a benchmark procedure in which we choose
government preferences by approximating the normative model and the calibrated
model allocation of consumption and earnings under current policy. This follows the
approach in [50] and guarantees that the level of redistribution in the benchmark
normative model we choose is similar to the one calibrated for the U.S. economy. In
this benchmark, the government has a discount factor that is in the intermediary range
of calibrated discount factors for individuals, so that there are both individuals that
save too little and individuals that save too much from the government’s perspective.
Furthermore, the government redistributive motive is considerably less progressive
than utilitarian. This is consistent with the findings in the literaturelf] However, this
procedure does not guarantee a perfect approximation, accordingly we find that there
is a gain available to the government of 18% in consumption equivalent terms at the
benchmark normative model.

Moreover, we find in the benchmark normative model a striking difference between
optimal retirement benefits and current social security benefits in the United States.
We find that social security benefits are considerably lower than retirement benefits
prescribed by the benchmark normative model, particularly so at high earnings. As
the government is less progressive than utilitarian in the benchmark normative model,
there is an important concern about the savings choices of higher earnings individuals.
Therefore, the government finds it optimal to force a higher minimum level of savings
at high earnings.

Motivated by the findings in our benchmark, in a second procedure we select
government preferences by approximating the schedule of retirement benefits in the
normative model to the current social security schedule in the United States. We
find that this alternative procedure yields a planner with a redistributive motive that

is more progressive than utilitarian and has a slightly smaller discount factor level

6See [50] and [51].



than in the benchmark. As a result of the considerable difference in the redistributive
motive, in this procedure we find there are gains of 63% in consumption equivalent
terms available to the government. These two exercises highlight that there is a
sub-optimal mix of redistributive and savings policies in the current U.S. system
according to our normative model. On one hand, in the first exercise we find the
level of redistribution is largely inconsistent with the level of retirement benefits. On
the other hand, in the second exercise we find that the level of retirement benefits is
inconsistent with the current level of redistribution.

Our model can be generalized to explore government policies beyond savings. In
section we extend the approach in [77] and present a general model in which
agents and the government disagree about the gains and costs of a generic action.
The sources of disagreement can arise because of behavioral bias (e.g., present-bias),
an externalities (e.g., pollution policy) or because of political economy considerations
as in [2]. Importantly, there is heterogeneity in this disagreement, so that some agents
agree with the government and others disagree. Furthermore, there is inequality in
labor earnings ability so that redistribution is possibly a concern for the government.
We demonstrate that as long as the government has a redistributive motive in addition
to preferences for a particular action, optimal policy for the government will offer more
flexibility in actions of high earnings individuals.

We explore two applications of this general model: drug policy and fuel efficiency
policy. Of course, the drug policy debate is very complex and controversial. Our
model focuses on the paternalistic nature of the policy and on its redistributive im-
plications, with a caveat that it abstracts from other important considerations in this
debate. Our findings imply that a paternalistic government will effectively make drug
consumption prohibitive for low earnings individuals. However, if the possibility of
consuming drugs pleases high earnings individuals enough to improve their willing-

ness to work, then a government with a redistributive motive would set in place a



policy in which drug consumption is allowed at a high cost (e.g., using prescriptions).
While redistribution demands more flexibility, if the government has no redistributive
motive, we show that the government would be paternalistic toward all agents and
would implement a prohibition on drug consumption.

In the second application we consider policies fostering the purchase of energy
efficient vehicles. In the model, some people do internalize the cost of the extra
pollution caused by an inefficient vehicles, but others do not internalize those costs
and have preferences for less energy efficient vehicles. If there is no redistribution,
optimal policy involves a strict regulation of the level of energy efficiency so that
vehicles purchased by all agents would be energy efficient. However, again, if there
is redistribution, the government is going to allow higher earnings individuals to
purchase less efficient vehicles as long as that improves their willingness to work
and contribute toward redistribution. In this case, policy can be implemented with
income tax rebates on the purchase of vehicles depending on their energy efficiency
level. At low earnings, there is a considerable tax rebate from the purchase of an
efficient vehicle, but at high earnings, tax rebates are less generous. Therefore, there
is progressivity in the schedule, a feature resembled by actual policy. Currently,
there are tax rebates on federal income taxes for electric and plug-in hybrid cars in
the United States. Therefore these rebates inherit the progressivity of the income
tax schedule as the same rebate has different effects on total taxes paid by different
taxpayers.

Moreover, our extension highlights that this paper contributes not only to the
public finance literature on savings policies, but also to the intersection of the public
finance and behavioral economics literature. Indeed, there are two strands of research
in this intersection that closely relate to this paper. The first strand has considered

how tax policy can be used to ameliorate behavioral biases. The second strand



has analyzed the provision of commitment devices for people with time inconsistent
preferences.

There is a growing literature on optimal taxation with behavioral agents that fo-
cuses on optimal linear taxation without redistribution. Building upon the framework
by [66], starting with 78], [45] and [79], this literature considers how linear taxes can
be used to either prevent over consumption of some goods (e.g., fossil fuels, drugs)
or to foster consumption of other goods (e.g., retirement savings). Recently, [30] find
that if heterogeneity in behavioral biases is sufficiently high, quantity restrictions on
consumption of the “behavioral” good for all agents fare better than linear taxes. Rel-
ative to these contributions, we consider the general optimal policy problem without
a restriction to particular policy tools, and we show that optimal policy effectively
restricts quantities at low earnings, but allows for a limited amount of flexibility on
consumption at high earnings.

A few papers consider the taxation of behavioral agents with redistribution. [69]
allow for non-linear labor earnings taxes and a linear tax on the good whose demand
is affected by a behavioral bias. Conversely, we allow for a general tax structure
both on labor earnings and on the good affected by a behavioral bias. Finally, [31]
consider a model with a single level of present-bias] We show that the introduction
of heterogeneity in present bias allow us to characterize the level of flexibility that
policies allow on retirement savings for agents at different earnings levels.

There is also a relatively small literature that has analyzed the optimal provision
of commitment and flexibility in savings choices without redistribution. [5] develop
a model in which there is heterogeneity in taste shocks toward future consumption
but agents have a uniform level of present bias. They find that optimal policy is
implemented by a minimum savings rule. In their model, there is both a value to

offering flexibility and offering commitment even without redistribution. Recently,

"In their interpretation of the model disagreement is on the Pareto weight given to the future
generation. However, this is isomorphic to present bias in a two-period model.

9



[37] extends this approach to a more general setting. In contrast to those contribu-
tions, in our model the value of flexibility is endogenous and it depends on how much
flexibility can be used to improve redistribution. Indeed, the main insight on this
paper arises from the endogenous variation of the value to flexibility across different
earnings levels.

In concurrent work, [91] finds in a model with hyperbolic preferences that redistri-
bution can be greatly enhanced by the planner. In fact, in his setup he finds that the
first best can be implemented under certain conditions. The most important differ-
ence between his model and ours is on the timing that the social planner can obtain
reports from agents. In his model, agents meet with the planner twice. Both before
actually taking work and consumption decisions, and at the time they take those
decisions. This is particularly important because agents have different preferences
at those points in time and the same information set, thus the planner can extract
informational rents from agents as emphasized in [23]. In contrast, in our two period
model the planner only meets with agents when they actually have the behavioral
bias, so that full surplus extraction is not possible. In Appendix [A.3] we explore a
multi-period version of our model with hyperbolic preference shocks and labor income
shocks and show that the planner finds it optimal to offer more flexibility after high
income shocks than after low income shocks.

Finally, we also broadly relate to two other strands of the literature. First, we re-
late to a large literature on the taxation of savings. [10] show that without behavioral
biases and uncertainty on earnings ability, the government should not distort savings
decisions for redistribution purposes. [88] and more recently [25] and [41] point out
how a correlation between discount factors and labor earnings ability can break this
result in models without a misalignment of individuals’ and government’s preferences.
Second, we relate to a small literature on taxation with multi-dimensional character-

istics. [8] emphasize that the lack of a general toolbox for the analysis of contracting

10



problems with multi-dimensional heterogeneity hindered their usage in applications.ﬂ
When there is a misalignment in preferences, we are able to prove that allocations al-
low for an increasing level of flexibility when comparing low and high earnings levels,
even without general tools to characterize the full problem’s solution. Furthermore,
we provide a numerical algorithm to fully solve the problem.

We organize this paper as follows. Section [1.2] develops a benchmark model for
the joint analysis of paternalistic and redistributive policies. Then Section [I.3] shows
that tax instruments similar to those already used in the U.S. can implement optimal
retirement savings policies when there is a concern about behavioral biases in savings..
Section quantitatively evaluates the benchmark model and shows that from the
normative model perspective there is an inconsistency between current social security
benefits and current redistribution policy in the United States. Section |1.5(shows that
our main findings have broad implications for policies aiming at behavioral biases in
other contexts as well as policies aiming at ameliorating externalities. Finally section

[1.6] concludes the paper.

1.2  Optimal policy analysis

This section presents our benchmark model for the analysis of redistribution policies
when there is a concern by the government about individuals undersaving for retire-
ment. We develop a two-period model with unobservable heterogeneity in preferences
toward retirement consumption and earnings ability. Following the approach in the
optimal taxation literature, we first characterize properties of economic resource al-

locations that are efficient to the government. Then, we find our main insight about

8See [73], |7] and |81] for important contributions to the mechanism design literature with multi-
dimensional types. However, there are important exceptions in public finance. [63] analyzes the
taxation of couples and find that a higher earnings by a secondary earner generally reduce optimal
taxes on the primary earner. [82] characterizes optimal income taxes when there is heterogeneity in
earnings skills across different occupations.
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government policy when there is a redistributive motive and the government disagrees
with agents’ preferences.

There is a unit mass of agents that live for two-periods and that differ in two unob-
servable attributes: earnings ability and preferences toward retirement consumption.
We denote earnings ability by § € © = {6;,...,0x}, where Oy > --- > 6; > 0. The
government discounts retirement consumption by J, and agents discount retirement
consumption by 6 where f € B = {f1,...,0u} and 0 < f; < --- < By = 1. We
understand [ as a placeholder for the disagreement between the government and the
agent. We denote by (6, §) an agent’s type and denote its distribution by 7w which we

assume has full support. The agents utility index at time of decision is

U (e1,02,9:6,6) = u () = v () + B c2)

where v’ (0) = +o00, u” (-) < 0,v(0) =0, (0) =0, (y) > 0fory > 0 and v” (y) > 0
for y > 0. Our choice of language for the disagreement between the government and
the agents reflects the apparent impossibility to interpret 3 as present-bias in a two-
period model. However, this is actually inconsequential as we can understand the
government preference as the ex-ante preference of agents before they take decisions
in the initial period.ﬂ Finally there is a storage technology with gross rate of return
R for shifting resources into the second period.

We assume that the government does not observe agents’ types, but it observes
consumption levels and labor earnings, and it can choose the rules of the game to be
played among agents. These rules can take an arbitrary form, but an important result
in mechanism design theory, the Revelation Principle, guarantees that it is sufficient to

consider a game in which the government asks agents their type, agents find it in their

915] argue in a similar two-period problem that the planner takes decisions before the initial
period and that as a consequence the model indeed has three periods, even though agents only take
decisions in two different periods. We show our results extend to a T-period model with behavioral

biases in appendix @
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best interest to report their true type and the government assigns agents a resource
allocation depending on their answer. We call this assignment rule and allocation
and denote it by {c1 (6, 8),c2(0,8),y(0,8)} scoxp In the next section we show
that the resulting government choice of rules is equivalent to a market economy with
a sensible set of government policies in use. However, in this section our focus will
be on this abstract resource allocation problem as it actually sheds light into the
appropriate set of policy instruments that can implement optimal policy.

When choosing an allocation the government has to make sure it is consistent
with the information and technological constraints of the economy. An allocation is

said incentive compatible if

U (Cl (Q,ﬁ) , Co (eaﬁ) Y (975) ;9,6) Z U (Cl (9/7/6,) , C2 (9,75/) Y (elaﬁ/) ;9,6) (11)

for all (0,0),(0',8") € © x B. If an allocation is incentive compatible, it is consis-
tent with the unobservability of agents’ types by the government. An allocation is

consistent with the technology in the economy if it satisfies the resource constraint:

> w00 ]50.5) -0 - 200 >0 12

(6,8)e©xB

so that earnings produced by workers can sustain their life-time consumption at the
aggregate level.

The government evaluates individual payoffs according to

V(6,6) = uler (6.8)) +6u e (6,5)) — 5v (v (6,5))

Therefore the government objective can be written as

W ({Cl (6,8),c2(0.8),y (6, 5)}(9,ﬂ)e@x3) - Z m(0,6)A(O)V (6,5) (1.3)

(6,8)e©xB
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where A () > 0 are Pareto weights the government assigns to agents. We assume
weights depend only on earnings ability of the agent, not on its disagreement with
the government. This is consistent with the government believing (3 is a bias that it
ought to correctm Without loss of generality, Pareto weights are normalized so that
> @pcoxn ™ (6,8)A(0) = 1. The government problem is then to choose an allocation
that maximizes subject to both incentive constraints in and the resource

constraint in ([1.2]).

1.2.1 Example with 2 x 2 types

Before we state our theorems, it is useful to understand the government’s problem in
a simple example that highlights the key forces in the model. Assume there are two
levels of disagreement and two levels of earnings ability. For simplicity, let Ré = 1,
B e{pr, 1} with g, < 1,0 € {01,0y} where 0y > 6, = 0, and assume the government
is utilitarian, i.e., A (0;) = A (0g) = 1.

Bunching at low earnings — In the first best allocation without informational
frictions and at a fixed ability type #, the government bunches agents across their
disagreement type . As V is strictly concave, the government can always improve
welfare by bunching the agents with a different disagreement level but the same ability
level. In the second best with informational frictions, this same argument holds for
low earnings ability agents. However, with unobservable characteristics it is necessary
to satisfy incentive constraints. Since agents with low earnings ability cannot work as

fr = 0, the relevant incentive constraints are the ones preventing deviations of high

0Using the language of [66], we can think of two separate agents: self at period-0 and self at
period-1. Self at period-1 has a present bias in saving for retirement (8 < 1) and she takes all
consumption and labor decisions. Conversely, self at period-0 has no present bias, but she cannot
take period 1 decisions by herself. In this behavioral interpretation, the government preference is in
agreement with preferences of self at period-0.
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ability types into the allocations of low ability types:

u(cr (0n, B)) — %U (91 (Bu, B)) + Bou(c2 (0, B)) = u(er (01, 5')) + Bou(cz (Or, ')

(1.4)
for B,5" € {BL,1}. Since incentive constraint (1.4)) is linear in utility levels
u(cy (0r,0") and wu(cy (01, 5")), then a convex combination of those utility levels

satisfy incentive compatibility

u(c1 (0w, B)) — %U (Y1 (0, B)) + Bou (c2 (0, B)) > w1 (0r) + Bduz (0)  (1.5)

where u; (01) = Y5 7 (8'101) u(c1 (01, 8')). Therefore, it is incentive compatible for
the government to allocate ¢; (61) = u™! (@, (01)) for low ability agents. Further, the
government objective does not change. However, since the utility index u is strictly

concave, it follows that

¢ (0) + %Cz (0r) < ;W (8'101) {01 (0, 8) + %Cz (01,8
if the allocations of low ability agents are not all equal. We conclude the government
bunches low ability agents. If that was not the case, the government would perturb
the allocation as we propose and it would use the extra resources available to strictly
increase its objective.

Separation at high earnings — Start with an allocation that bunches high ability
agents, so that they receive the same consumption levels in both periods and produce
the same labor earnings during working life. We show it is possible to improve the
government’s objective by changing such an allocation. There are two different cases
to consider.

In the first case, there is bunching of high ability agents into an allocation with

a higher consumption level in the initial period, that is, ¢; (0g) > ¢2 (6y). In Figure
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[I.T] we illustrate indifference curves on consumption allocations of individuals with
the same level of labor earnings. At point A, we have ¢; (0y) > ¢ (0g). At this
point, the indifference curve of an impatient agent is steeper as a higher change in
period two consumption is required by this agent to compensate for the same change
in period one consumption.E While continuing to offer allocation A, the government
can target patient agents by offering allocation B. However, since points on the 45°
line minimize the cost of providing the same level of utility to patient agents (R0 = 1),
allocation B has a strictly lower cost in terms of resources. This is illustrated in the
figure by allocation B being inside the budget of resources used to obtain allocation
A. Therefore the government can obtain the same objective value while spending less,
a contradiction.
Figure 1.1: Incentives with bunching.
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In the second case, there is bunching of high ability agents into an allocation
in which period two consumption is weakly higher that period one consumption,

i.e., co(0y) > c1(0y). This is illustrated in Figure by point D. In this case,

"' The marginal rate of substitution between consumption in periods one and two is given by

Bou’ (e3)

u' (1)

which is monotone in 8. Therefore there is single crossing in preferences conditional on a fixed level
of labor earnings.
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while keeping the availability of allocation D for patient agents, the government can
target impatient agents by offering allocation E. While impatient agents are indifferent
between allocations D and E, allocation E has a lower resource cost and it reduces
the payoff of impatient agents from the government perspective (the government
indifference curve coincides with that of that of the patient agent). Therefore, in
this case, we need to show that the government gains in transferring those extra
resources to low ability agents are sufficiently high so as to compensate for the loss
with impatient high ability agents. But since ability is not observable and y (65) >
0 =y (), then from incentive compatibility it must be the case that either ¢, (0y) >
c1(01) or co (0y) > co (01) or both. Therefore, for a utilitarian planner, the marginal
gain in transferring resources to low ability agents will surpass the marginal loss
of high ability impatient agents as long as E is sufficiently close to D. Finally, we
conclude that the government finds it optimal to separate high ability agents.

Figure 1.2: Separation at high ability

c, 4
Patient 45°

|
Impatient

1
[}
L]
1
1

(')ll'l

Distortions at low ability — We already know that low ability agents are bunched.
Now, assume that point A in Figure represents low ability agents consumption
allocation while the indifference curves represented are for high ability agents devi-
ating into that allocation. Then it is possible to keep the government’s goal fixed

and save resources by offering point B instead to low ability agents. Therefore, we
17



conclude ¢y (01) > ¢1 (01). Again, in Figure we illustrate the consumption allo-
cation of low ability agents shile the indifference curves of high ability agents. We
see that if there is perfect consumption smoothing, represented by point F, then it is
always possible to relax the incentive constraint of impatient high ability agents by
perturbing the allocation in the direction of allocation G. Patient agents are made
indifferent by the perturbation, but it strictly relaxes the incentive constraint of high
ability impatient agents. It follows that at the solution to the government’s problem
we have ¢ (0) > ¢1 (01) as we will see that the incentive constraint of high ability
impatient agents is binding.

Distortion at high ability and patient — If the government offers an allocation
with ¢ (0, By) < ¢1 (g, By) for high ability patient agents, represented by point
A in Figure [1.1] it is always possible to offer instead point B and save resources
while keeping the government’s objective constant. Thus ¢; (0, Sy) > ¢1 (0m, Bu).
Furthermore, the government would offer ¢; (0, Bg) > ¢1 (0, Br) if and only if the
incentive constraint of high ability impatient agents is binding with respect to the
allocation of high ability patient agents. Next we show this is never the case in
this example and therefore we conclude ¢y (0y, ) = ¢1 (0n, Su). Therefore, the
government finds it optimal not to distort the consumption allocation of patient
agents.

Distortion at high ability and impatient — It immediately follow from separation
and the distortion for high ability and patient agents that ¢; (0y, 8r) > ¢ (0m, BL).
Therefore the government allows impatient high ability agents to consume propor-
tionally less at retirement than what perfect consumption smoothing would predict.

Now we illustrate the pattern in which incentive constraints of high ability agents
bind. At least one incentive constraint from high ability agents to low ability agents

must bind as consumption is not equalized across agents with different ability.
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Figure 1.3: Over consumption at retirement of low ability
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High ability and impatient incentives — First, let’s consider high ability impatient
agents. Assume by way of contradiction that the incentive constraint of type (6, 51)
is strictly slack with respect to the low ability agents’ allocation. In this case we have
c1 (01) = co (01) as there is no gain from not providing perfect consumption smoothing
to low ability agents. We have already shown that co (05, Sr) > ¢1 (0m, Bu), therefore

c2 (O, Br) > c2(0r). Then a binding incentive constraint of type (0, Sy) implies

u(cr (0w, Bu)) — %v (y1 (Ou, Br)) + Brou (e (Ou, Bu)) < u(er (1)) + Brou(cz (01))

and all incentive constraint of type (0, f1) are strictly slack, a contradiction. There-
fore it must be the case that the incentive constraint of type (6, 31) is binding with
respect to the allocation of low ability agents.

Second, the high ability impatient agent incentive constraint is slack with respect
to the allocation of the high ability patient agent. Assume by way of contradiction
that is not the case. Since the incentive constraint of high ability impatient agents

deviating into low ability is binding, then we have

w(er O i) = 50 (s O, i) + Buu (e O, Bu) = wex (60)) + B (e (01)

H
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At the solution to the planner’s problem we must have ¢, (0, By) > ¢2 (QL)H There-

fore we conclude

w(er (O Bur)) — % (91 (Ou1, Br)) + 8 (ca (01, Br)) > (2 (61)) + S (2 (61))

But since high ability agents are separated, we also must have ¢o (0g, Bg) > ¢2 (0m, Br)
and therefore all incentive constraint of high ability patient agents are strictly slack.
But then, the government could improve redistribution in the economy, a contra-
diction. We conclude that the high ability impatient agent has a slack incentive
constraint with respect to the allocation of the high ability patient agent.

High ability and patient incentives — Finally, for patient high ability agents the
pattern in which incentives constraints bind is not straightforward. In particular,
it will depend on several parameters such as the level of §; and the redistributive
motive. On one hand if f; ~ 1, we have at the solution to the planner’s problem

Co (QH, 6L) > Co (QL) so that

u(er (Om, Br)) — iv (y1 (O, Br)) + 0u(ca (On, Br)) > u(cr (01)) + du ez (01))

where we used our last result that the incentive constraint of (6, ;) is binding
with respect to 6. In this case the patient high ability agent has a slack incentive
constraint with respect to low ability agents. On the other hand, if g, ~ 0 and
A(0g) =~ 0, then co (0, 8L) =~ 0 < ¢2(01), and the incentive constraint of type
(0, By) with respect to low ability types will be binding. With many types, the

characterization of which incentive constraints bind becomes an intractable problem.

12 Assume by way of contradiction that ca (6) > co (6, Br). Since there is separation of high
ability agents, then co (01) > c2 (0m, Bu) > ¢2 (0, BL). Therefore, the utilitarian government would
like to redistribute period two consumption from low ability agents to high ability agents. This is
always incentive compatible as low ability agents cannot work. We then obtain a contradiction and
conclude that ¢s (0, Br) > ¢ (01).

20



However, it is still possible to provide key implications for optimal policy even without

this characterization.

1.2.2 Main results

Now we turn back into our benchmark model with heterogeneity in disagreement
and earnings ability. In the problem with two-dimensional heterogeneity and many
types, the major difficulty is the characterization of the pattern in which incentive
constraints bind. In a problem with one dimensional heterogeneity, such as in [75],
under fairly general assumptions only incentive constraints of types close to each
other can bind. That is not true in problems with multi-dimensional heterogeneity as
pointed out by [7] and [81]. However, we are still able to characterize key properties
of the solution to the government’s problem at the bottom and top levels of earnings
abilityE In Theorem |1 we obtain the main result in this paper and then in Theorem
we characterize distortions at top and bottom earnings at the solution to the planner’s

problem.

Theorem 1. Assume A (6) is weakly decreasing in 0. Fix Oy and {fa, ..., um} then

there exists 8, > 0, On_1 < Ox such that at the solution to the government’s problem:

1. if 0, > 6, > 0, then agents with types in {(61,0) : B € B} receive the same

allocation, independently of thewr type [:

ct (01, B) =¢; (01)

y (01, 8) =y (61)

fort=1,2 and all p € B;

B3In section we find through numerical simulations that those properties are not particular to
the end-points of the distribution of types, but that they are in fact a force present at all earnings
levels.
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2. if 01 < --- < Oy_1 < Oxn_1, then agents with types in {(Oy,3) : B € B} do not

receive the same allocation.
Proof. See Appendix. O

On one hand, the government finds it optimal to offer different allocations for
high earnings ability agents with type 6. Since agents preferences disagree with one
another, they would like to receive different allocations. Therefore, the government
can actually extract some extra resources from them by offering different allocations
that agents find more attractive. Since Pareto weights are decreasing, the government
would like to redistribute toward lower earnings ability individuals, hence extracting
those extra resources has a positive marginal value. As a result the government will be
willing to allow for different allocations at high earnings as to obtain extra resources
from those agents.

On the other hand, the government finds it optimal to bunch the lowest earnings
agents along the [ dimension. It is not in the interest of the government to extract
resources at low earnings ability. Therefore, the planner will find it optimal to bunch
agents, effectively providing them full insurance against their preference heterogeneity
[S-types. In an interpretation of 3 as reflecting behavioral biases, that we explore fully
in appendix [A.2] the government here is insuring agents against the possibility they
face time inconsistencies into the future.

Even though the government problem is a two-dimensional screening problem, we
are able to obtain important insights about the optimal allocation. The assumption
of a paternalistic government reduces the dimensionality of the objective function and
allows for a partial characterization of optimal policy. It is clear that the government
wants to bunch agents across the § dimension, therefore it is easier to understand

how incentive constraints bind at the lowest and highest earnings levels.
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Now we define wedges on decisions that represent distortions at the solution to

the government’s problem. The intertemporal wedge

' (c1 (60, 8))

T (0,8) =1~ RBou’ (c2 (0, 5))

allow us to understand distortions on intertemporal consumption decisions. A pos-
itive intertemporal wedge is alike a tax on future consumption so agents facing it
are consuming relatively little in the future. We can also define the government’s

intertemporal wedge

(@ (6.8)
R/ (2 (0, 5))

w1 (0.8) =

which uses the government’s preferences (i.e., 5 = 1). The government’s intertem-
poral wedge measures distortions on agents intertemporal decisions from the govern-
ment’s perspective. For example, if an agent faces no intertemporal wedge but has
disagreement with the government 5 < 1, then the government’s intertemporal wedge
is positive for that agent. In the next result we characterize the sign of intertemporal

wedges at the solution to the government’s problem.

Theorem 2. Assume X (0) is weakly decreasing. Fiz {0y, ...,0n_1} and{Ba, ..., Bum}
then there exists 6, > 0 and On_1 < Ox such that if 0, <0,,00 < - <Oy < On_1

at the solution to the government’s problem

1. for types with lowest earnings ability:

(a) intertemporal wedge is negative: 71 (01, 3) < 0 for all § < 1

(b) planner’s intertemporal wedge is weakly negative: 771 (61, 8) < 0 for all 3
2. for types with higher earnings ability:

(a) agents that agree with the government (G = 1) face weakly negative in-

tertemporal wedges 71 (On, Bar) = 771 (On, Bar) < 0
23



(b) agent that disagrees the most with the government (B < 1) face a positive

government’s intertemporal wedge 751 (O, B1) > 0

Proof. See the appendix. n

In Theorem [2] we find that the intertemporal wedge of the lowest earnings ability
individuals is negative for agents that disagree with the government. Further, from
the planner’s point of view it shows those agents weakly over-consume at retirement.
In our numerical simulations we find a strictly positive government intertemporal
wedge. By forcing low earnings ability individuals to consume relatively more at
retirement than would be optimal in the first best, the government makes their allo-
cation particularly undesirable for high earnings ability individuals that disagree with
government preferences (5 < 1). Therefore, the government relaxes their incentive
constraints by doing so. But if the optimal allocation was to force all low earnings
individuals into consuming at the first best marginal rate of substitution (a zero gov-
ernment’s wedge), then the marginal cost to the planner of forcing them to consume
relatively more at retirement is of second order. However, the gain from relaxing
incentive constraints is of first order because of redistribution.

Finally Theorem [2| shows a dispersion in distortions at high earnings levels. For
agents that agree with the government, there is no gain in under-consuming at retire-
ment (in numerical simulations we find it is not optimal to over-consume at retirement
as well). Distorting savings in this case generates both a lower government’s objective
and also reduces incentives for those agents to work. However, for individuals that
disagree with the government (f; < 1) and also have high earnings, it is worth to the
planner to allow them to consume in the way they like in exchange for extracting
some more resources from those individuals in order to improve redistribution. As
a result those agents consume too little at retirement relative to their working life

consumption.
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1.2.3 Comparison to most related results in the literature

In order to better understand the forces at work in our model, it is useful to consider
two important particular cases. The first one is the classical result obtained by [10].
It shows that without disagreement, the government does not find it optimal to dis-
tort intertemporal consumption decisions for any redistributive motive. The second
result is from [31] and it considers the case with disagreement but no heterogeneity
in the level of disagreement across agents. They show that there is a distortion in in-
tertemporal consumption decisions and that this distortion is monotonic on earnings.

It is easy to understand the intuition behind the result in [I0] using our 2 x 2 types
example. If 5 =1 for all agents, there are only two types of agents with 6 € {0,0y}.

The only incentive constraint in this problem is given by

1

u(cr (0n)) + du (e (0m)) — 0, (y (0r)) = u(c1(0)) + du (c2(0))

Notice that both types of agents and the government agree on how to value consump-
tion over the life-time. Then at the optimum, it must be the planner is minimizing

resource expenditures with consumption of each agent:

) 1
1011116121 {cl + ECQ}

st (er) + du(cy) = U (6)

where U (0) = u(cy () + du(cy (0)). As only U (0) matters for the incentive con-
straint, not the consumption levels separately. But if we take the first order conditions

of the problem above we obtain

u' (e (0)) = Réu' (1 (0))
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and therefore the government should not distort agent’s intertemporal decisions.
In order to understand the intuition behind the result in [31], consider the example

when 5, = By = < 1 and 0 € {0,0y}. The incentive constraint is given by

1

(e (0n)) + Bou (e (0r)) — 0" (y (0n)) = u(c1(0)) + Bou (c2 (0))

Assume by way of contradiction that there are distortions to agents intertemporal
decisions at the solution to the government’s problem. Since A (0) = A () and
y (0g) > 0, then either ¢; (0g) > ¢ (0) or ¢ (0g) > ¢ (0). Therefore the government
wants to transfer more resources to agents with type 6 = 0, as a result the incentive
constraint is binding and relaxing it would strictly improve the government’s objec-
tive. However, under our assumption of no distortion, there are two different ways
to relax the incentive constraint. On one hand, the government can increase ¢y (0)
in exchange for a lower c¢; (0) while keeping the amount of resources used by agents
with type 8 = 0 constant. This implies a second order welfare loss to the planner, but
strictly relaxes the incentive constraint of type 0y as < 1. On the other hand, the
government can increase ¢ (fy) in exchange for a reduction of ¢, () while keeping
resource usage constant. This perturbation will lead to a second order loss in the
government’s objective, but will strictly relax the incentive constraint. Finally, the
government will optimally use both types of distortions and as a result agents with
type @y under-consume in period two and agents with type 6 = 0 over-consume in
period two.

The forces in [I0] and in [3I] are present in our model. As we can inspect in
Theorem , the intertemporal distortions display a monotonic shape as in [3I]. Also
high earnings ability individuals that agree with the government (§ = 1) are not

distorted.
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However, our results rely on a key third force into our model: heterogeneity in
disagreement. With heterogeneity in disagreement, now the government also needs
to worry about dispersion in allocations of agents with the same level of earnings
ability. The interaction of this third force with redistribution then implies that the
planner will be particularly worried about dispersion of allocations across low earnings
ability agents, but not as much by the dispersion on allocations across high earnings
ability agents. Thus, we find that the government will not only distort agents with
disagreement as in [31] while not distorting some agents without disagreement as in

[10], but it will also bunch them across disagreement types at low earnings ability.

1.3 Decentralization of optimal retirement savings
policies

In this section we provide a decentralization of the solution to the government’s
problem as a competitive equilibrium in a market economy in which the government
uses four sets of policy tools. All of those instruments are very similar to policy tools
currently used in the U.S., so we are able to connect our results in the previous section
with actual policy.

The first is an old-age benefit which is non-linear on labor earnings and which
agents cannot borrow against during working life. Our previous results indicate that
agents with a large level of disagreement (present bias) would like to borrow against
those resources at period one, however as that would reduce the government objective
it enforces by law that retirement benefits cannot be used as a guarantee on loans[]

The second set of policy tools includes multiple retirement savings accounts. Those
accounts have caps on contributions and they have tax advantages as compared to

a regular savings account. Both the caps and taxes on those account depend on

14Tn the U.S., the law prohibits the usage of social security benefits as collateral on loans.
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the earnings level of individuals in the decentralization. In the U.S. 401(k) accounts
are characterized by a differential income tax treatment, the possibility of employer
matching contributions and a cap on contributions.

The third set of policy tools used by the government includes linear subsidies or
taxes on both savings through retirement savings accounts and savings at the free
market rate on bank accounts. Finally, the fourth policy tool used by the government
is a non-linear labor earnings tax that depends on the set of retirement savings account
used by the agent. This last property is present as well in the current U.S. tax code as
contributions to 401(k) accounts or IRA accounts have a differential tax treatment.

Agents can save in a regular savings account with a gross rate of return
(1 —=7p-1(y)) R and in m = 1,..., M — 2 retirement savings accounts with a rate
of return (1 — 7,,, (y)) R and contribution caps a,, (y). Both rates of return and caps
depend on the earnings level y of the agent. We have 0 > 7,11 (v) > 7, (y) so that
agents that use account m + 1 also use accounts 1,...,m. Agents owe income taxes
T, (y) to the government while young. We denote by Th/_; (y) labor income taxes
on the agent that saves on all retirement savings accounts and on the regular savings
account, and by Tj (y) the income tax of agents that do not save on top of their

social security contribution. At retirement, agents receive a retirement benefit b (y)
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that varies with the labor earnings level during working life. The agent’s problem is

max u(c1) — v (y) + Bou (ca)

017627y7M0
Mo
stor+as+ > arm =y —Tary ()
m=1

c2=b(y)+ Ra,+ R _ (1= 7 (y)) arm

m=1

We say a government policy ({am (M2 L (MM AT, (O3 b ()> is feasible

m=1 > m=1 " m=0 >

if agents’ equilibrium choices given the pension scheme satisfy the economy-wide

market clearing condition

Z W(Q,ﬁ) |:y(‘975)_01 (076>_ R

(0,8)e©6xB

It is straightforward that the solution to the government’s problem can be decentral-
ized by a government policy as just described. Assume ) (6) is weakly decreasing in
0 and X (0y) > 0. Fix Oy and {B,, ..., B}, then there exists 6, > 0, Oy_; < Oy and
By > 0 such that if 6; < 0y, 6; < --- < Oy_1 < Oy_; and B < By, then the solution
to the government’s problem can be decentralized with a government policy as above

and in which:

1. agents with types in {(0y, ) : 5 € B} do not have access to retirement savings

accounts and only receive social security benefits when old;

2. agents with types in {(fy, /) : 6 € B} have access to retirement savings ac-

counts and some save on top of social security contributions.
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In Corollary we show that a pension system with social security benefits and
multiple retirement savings accounts in which low earnings individuals do not have
access to the retirement savings accounts can be actually optimal for a paternalistic
planner. At first, the nature of the pension system in the U.S. where high earners
get disproportional incentives on savings for retirement through 401(k) retirement
accounts might not sound efficient in an environment where redistribution is impor-
tant. However, we find the somewhat surprising result that this system shares some

characteristics of an efficient paternalistic policy.

1.4 Quantitative exercise

In this section we evaluate current redistributive and retirement savings policies in the
U.S. through the lenses of our normative model. We first develop a two-period model
with actual policy tools to calibrate for preference heterogeneity present in the data.
Then we find planner preferences for redistribution and 9, the government’s discount
factor, such that we obtain a normative model that is comparable to actual policy in
terms of both the levels of redistribution and savings distortions observed. By taking
this parsimonious approach, we minimize the chances actual policy is inefficient from
a normative perspective. Finally we compare the results of our normative model to

actual policy.

1.4.1 Two-period calibration of current policy

First we calibrate for heterogeneity in discount factors using a two-period model of
retirement savings decisions under current government policies. We use data from the
University of Michigan Health and Retirement Study (HRS) as provided in [28] on

the ratio of wealth at retirement to life-time earnings of households[”| This statistic

15The wealth measure used in [28] is at the household level and includes net liquid financial
assets, half of the principal house equity, other real state equity, business equity, deposits in all
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is informative about how people save controlling for their life-time labor earnings, the
essential heterogeneity we would like to uncover. Therefore it is natural to calibrate
the model to the shape of the cross sectional distribution of this statistic in the data.

There is considerable heterogeneity in retirement savings rates in the data and a
small positive correlation with earnings. In Figure we display the data on ratios
of wealth at retirement to lifetime earnings that we use to match the model. Each
line in the figure displays the percentiles of the distribution of the ratio of wealth at
retirement to lifetime earnings within a lifetime earnings quantile. We see that at the
different quantiles on lifetime earnings, the statistic under study has a very similar
distribution although it is slightly larger at higher life-time earnings quantiles. This

points to a small correlation between savings rates and labor earnings in the data.

Figure 1.4: Distribution of non-social security wealth at retirement ratio to life-time
earnings.

Wealth to LT labor earnings ratio

Percentile

Source: Each line represents the distribution within a different lifetime earnings quantile. Data from
[28] using 1992 Health and Retirement Survey sample of households. Non social security household
wealth includes all liquid wealth, deposits on retirement accounts, estimated defined benefit plans,
business equity, other real estate equity and half of primary home value.

types of retirement accounts and estimates of defined contribution pensions benefits (excluding social
security). Using the history of current and past reported earnings and estimates from Khitatrakun,
Kitamura, and Scholz (2000), [28] obtain a measure of lifetime household earnings.
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In our calibration, we parameterize households preferences by

1-1/0 g\ 1+1/~y 1-1/c

c -1 (—) c

U :0,8) = = — 2 2
(017027?/7 76) 1_1/0_ 1"’1/7 +¢1_1/0_

where we use a standard level of o = 0.5 for the intertemporal elasticity of substitution
and a value on 7 = 1 for the Frisch elasticity of labor supply. Clearly, we cannot
disentangle 8 from ¢ in the two-period model calibration.@ Hence, we calibrate here
for the joint distribution of ¢y = 6 which is the discount factor of individuals at
period one, and the distribution of 6 which is labor earnings ability. In the next
sub-section, we will use current policy to inform us about appropriate values for 9,
the government’s discount factor[”’| Further we assume that the joint distribution can
be written as a Gaussian copula between the marginal distributions of ¥ and 6 with
a correlation parameter w that we calibrate.

For the marginal distribution of earnings ability #, we follow [50] and [51] in
using the actual observed labor income distribution. [50] argue for this approach as
labor income and earnings are proportional to each other in logs after controlling
for consumption in their model. In our model that is not entirely true, because of
the complexity introduced by old-age benefits and retirement accounts that depend
on earnings levels. However, we keep that assumption as it is a parsimonious first
approximation. Finally, we use the percentiles of the labor income distribution across

the age profile from the 2013 March CPS as the distribution of 65|

16GQeparate identification of 3 and § requires data on at least three periods in a model with
hyperbolic discounting.

In Appendix we provide an alternative calibration using a standard incomplete markets life
cycle model in which agents have hyperbolic preferences. We find that the heterogeneity in discount
factors is similar. As a result, the comparison of optimal policy and current policy has the same
qualitative implications using both approaches to calibrate discount factors.

18We compute the percentiles within each age level from 25 to 60 years old for household heads.
Then for each percentile we compute the average labor income across the life-cycle.
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For the marginal distribution of ¢ we assume a Beta(a, b) distribution with shape
parameters a > 0 and b > 0[] The Beta distribution is an appropriate choice as it
does not impose symmetry, it allows for fat tails on both directions (as well as a bell
shape) and it is bounded in [0,1]. In order to make 1 comparable to estimates of
annualized discount factors in the literature, we report it in terms of an equivalent
annualized value

In modeling the tax-transfer system, we follow [16], [17], [50]and [51] by using a
parsimonious functional form calibrated to the level and progressivity of the net tax
schedule that was introduced by [34]. In this formulation, we write net transfers T

to individuals as function of taxable income Y :

T(Y;\T)=Y = AY!T

where taxable income include both labor earnings and taxable asset income. Estimat-
ing the functional parameters off PSID data for 2002-2006, [50] find that 7 = 0.151
and A\ = 0.836 provide a good fit of the current U.S. tax and transfer system among
households whose head worked more than 260 hours in the previous year. We adopt
their estimates in our calibration.

In addition to the tax-transfer system applicable to individuals’” working lives,
we model the current retirement savings system with a sequence of accounts that
are subject to subsidies and income-specific caps: first, we model the social secu-
rity old-age benefit using the 2014 replacement ratios and the 2014 $118,500 cap on
eligible labor earnings. Second, we model a 401(k) account as allowing voluntary

tax-deferred contributions up to $18,000 plus 50% matching on these contributions

19Tn the numerical computations this distribution is discretized in 10 grid points with uniform
probability.
20We assume that working life spans over 40 periods and that retirement lasts for 20 periods, then

1— 21
b o ¢40 —__ Tannual
two—period — Yannual 1 — 4L

annual
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through employers.@ Third, we model an IRA account as allowing for voluntary
tax-deferred contributions up to $5,500. Finally, we include in our model a regular
savings account with a real rate of return of 3.44% following [43].

The model is able to match the data considerably well when we calibrate for
(a,b,w). The targets for the calibration are the 25, 50 and 75 percentiles of the
distribution of wealth at retirement to lifetime earnings ratios at all four quantiles of
the lifetime earnings distribution (12 targets in total). We report in Table the fit
of the model to the data. As we can see in the table the model is not perfectly able

to match the data, but it gets the overall shape very well.

Table 1.1: Calibration fit by life time earnings quantile.

Statistic\Quantile Data Q1 Model Q1 Data Q2 Model Q2
W/Y percentile 25% 0.0165 0.0163 0.0398 0.0367
W/Y percentile 50% 0.0554 0.0899 0.086 0.1021
W/Y percentile 75% 0.1322 0.1431 0.1664 0.1712

Statistic\Quantile Data Q3 Model Q3 Data Q4 Model Q4
W/Y percentile 25% 0.059 0.0451 0.0593 0.653
W/Y percentile 50% 0.1024 0.1083 0.1248 0.1254
W/Y percentile 75% 0.1726 0.1765 0.2211 0.1839

Source: Author’s computations. Objective on calibration is to minimize L2-norm between the model
and data statistics.

Not surprisingly we find considerable heterogeneity in discount factors. In Table
[1.2] we report the calibration results. We find an average discount factor of 0.985
which is slightly higher than the average of 0.96 found by [4]. We also find that the
calibration points to considerable heterogeneity in discount factors, but with 90%
of mass between 0.9 and 1.0 in annualized terms which is the interval considered
in [4]. Finally, we find that the Gaussian copula correlation is negative, indicating
that discount factors and ability have a slightly negative correlation. However, we do
find a positive correlation between discount factors and labor income as endogenously

individuals with a higher discount factor are also willing to work harder.

21This is the most common matching rate in the U.S. ([29))
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Table 1.2: Calibration results

Parameter Calibrated Value
a 0.855
b 1.795
w -0.107
E (Yannuat) 0.985
90th percentile ¥unnual 0.999
10th percentile ¥qnnyual 0.905
Corr (y, ) 0.10

Source: Author’s computations. Shape parameters (a,b) where 1) ~ Beta (a,b) and for the correla-
tion parameter w between 1 and 6. Discount factor v is reported in terms of an equivalent annual

. 121
discount factor where ¥iwo—period = 32nual (W)
annual

Our calibration is broadly in line with other estimates in the literature. [4] find in
PSID data a correlation of —0.02 between discount rates and the fixed effect on the
labor income process on their estimation. However, they do find a correlation of —0.76
between the slope of the labor income profile and discount rates. In the behavioral
economics literature, although [90] found no evidence of a correlation between present-
bias and income levels in their experimental setting, [77] argues that different types
of behavioral biases are more prevalent at the poor (e.g., addiction to cigarettes).

In Appendix we provide an alternative calibration using an incomplete mar-
kets life-cycle model with hyperbolic preferences. That model not only allows for a
separate identification of § and §, but also allows for a precautionary savings mo-
tive. We find that the calibrated distribution for ¢y = (¢ is similar in both cali-
brations. In fact, the heterogeneity in savings incentives (as measured by the effect
time-inconsistency has on savings) is very similar on both models. Therefore, it
seems that our benchmark calibration indeed produces a sensible calibration of the
heterogeneity in discounting that is consistent with a behavioral explanation of the
phenomena and parsimonious at the same time.

In fact, estimates in the behavioral literature for present-bias are largely consistent
with the values of § we find in the life-cycle calibration. The distribution of 8’s we

find are within the bounds estimated by [76] on the level of present bias in their
35



experimental data. Finally the average point estimate we find is consistent with the
range of estimates in the behavioral economics literature. [67] find an estimate of 0.7
by calibrating a life-cycle model with hyperbolic preferences. More recently, [11] finds
that on real effort tasks present bias is 0.88 in a laboratory experiment. [57] find a
present bias of 0.34 in a field experiment providing commitment devices incentivizing

savings of income tax returns in the United States.

1.4.2 Quantitative approximation to government problem

In this sub-section we compare the current policy in the U.S. with optimal policies
arising from the normative model. To make an appropriate comparison, it is necessary
to make sure that we choose a redistributive motive and a discount factor for the
government that is consistent with the current levels of redistribution and with current
savings policies. In that form, any inconsistency we find between current policy
and the normative model prescription is not caused by the particular government
preferences we choose.

We parameterize the Pareto weights the government assigns to agents by

_ exp {—ab}
29,6 7 (6, B) exp {—ab}

A(0)

so that the parameter a € R represents the government’s redistributive motive (again
we follow [51] in using this functional form). If a = 0 the government is utilitarian
and if @ > 0 the government wants more redistribution than a utilitarian government
would. The standard finding in the public finance literature is that the current level

of income taxes in the U.S. is consistent with o < 0 when ignoring savings policiesF_ZI

228ee [50] and [51].
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Numerical algorithm for solving two-dimensional screening problem

The literature has recognized that finding numerical solutions to two-dimensional
screening problems is generally a difficult task. Many of the techniques that facilitate
solving one-dimensional optimization problems fail in a multi-dimensional context.
More specifically, we are no longer able to rely on the first-order approach, which re-
duces the number of relevant constraints to a small set of local incentive compatibility
constraints. Instead, solving the problem generally requires the use of all incentive
compatibility constraints in the solution routine. [58] point out that with the large
number of incentive constraint there is a failure of the linear independence constraint
qualification that leads conventional optimization routines to fail to find lagrange
multipliers correctly.

We contribute to this literature by providing a stable and computationally efficient
numerical algorithm to solve our problem even when naive solution approaches are
unfeasible. Our algorithm reduces the complexity of the two-dimensional screening
problem by searching for a subset of incentive constraints that are sufficient to obtain
the solution to the global program. We solve a sequence of relaxed problems with
high numerical accuracy for small subsets of incentive constraints? If we find that
the solution to this problem is globally incentive compatible, the convexity of the
problem guarantees us this is the global solution "] This allows us to solve problems
with a large number of incentive constraints.

The difficulty is then to find a suitable form of selecting subsets of incentive
constraints. In fact, the number of subsets of a constraint set with many constraints is
extremely large. Therefore, this whole strategy is only feasible if it is straightforward

to converge to the correct set of constraints relatively fast.

23In our implementation we use IPOPT to solve each relaxed problem numerically.
24Writing the problem in terms of utility levels from consumption and disutility from work, it is
easy to see the problem is convex.
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It turns out a simple heuristic approach works very well in practice. We start with
the first best problem with no constraints. Then we measure the relative violation of
each incentive constraint in the original problem. We then add to the relaxed problem
a fraction of the incentive constraints with the highest relative violation. We do so in
a way that the total number of constraints in the problem does not grow too fast. In
particular, we add only a fraction of the difference between the number of variables
in the maximization problem and the number of constraints used in the last step. If
this difference is very small, we add one constraint at a timeﬁ After the initial step,
we drop a random selection of slack constraints used in the relaxed problem.

This algorithm is guaranteed to converge with probability one to the set of in-
centive constraints that solve the global problem. Since the number of constraints is
finite, always adding constraints guarantees convergence. Dropping constraints might
generate a problem as it can generate cycles in the search for the correct subset of
relevant incentive constraints, randomizing this selection allows us to prevent the
algorithm from cycling forever (with probability one). In practice we find this algo-
rithm converges relatively quickly (a few hours) in all our exercises with about 250k

incentive constraints 2

Results

For any given level of a and ¢ € (0,1], we solve numerically the government’s nor-
mative problem and compare the resulting allocation with the allocation arising in
the calibrated economy with actual policies. In particular we find the values for the

planner’s preferences that minimize the L2-norm between the two allocations.@ In

25Tn practice, this happens in intermediary steps when the initial set of constraints used is very
different from the solution set.

26We have solved problems with up to 10 million constraints using this algorithm using the DELLA
computer cluster at Princeton University.

27 As a robustness check we also found planner’s preferences minimizing the consumption equivalent
welfare gain between the actual policy and the normative model. Results are qualitatively similar.
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doing so, we follow the approach in [50] 51] in order to obtain a sensible level of re-
distribution and discounting by the government in our optimal policy computations.

We find that & = —0.60 and dgnnua = 0.974 better approximate the normative
model allocation to the allocation in the calibrated model with current policies, and
we find there are unexplored gains from the government’s perspective according to

the normative model.@ Further, together with our calibration for t this implies

k4
o

that the disagreement of agents and the planner, § = is on average E (§) =
1.42, that is to say, current policy is well rationalized if on average the government
believes individuals are forward biased. Indeed, actual policy displays positive savings
taxes and that is only consistent with the normative model if there is forward bias@
A consumption equivalent gain of 17.5% is available to the policymaker when we
compare the allocation in the previously calibrated model and the approximated

normative model B

In Figure|l.5a/ we plot the proportion of retirement consumption ( Clcjc/ QP; 7) for the

computed level of Pareto weights and discounting for the government in the bench-
mark normative model. We observe that at low earnings, there is little dispersion
in retirement consumption whereas at high earnings there is a higher level of disper-
sion. In Figure we plot the proportion of retirement consumption at the optimal
allocation for a utilitarian planner with the same level of discounting.

The level of dispersion at low earnings level is very similar to the benchmark
normative model, however there is considerably more dispersion at high earnings. A
utilitarian planner is considerably more redistributive than the planner in the bench-
mark normative model, therefore it will offer considerably more flexibility on savings
for high earnings individuals as that is a useful tool in improving redistribution.

Conversely, the planner in the benchmark normative model cares considerably about

28We find 6 = 0.22 and here we report dunnua; Which is the discount factor in annual terms.

2976] indeed find a considerable level of forward bias present in their experiment.

30Tn the robustness check where government gains from optimal policy are minimized, we still find
a 13.5% gain available to the policymaker.
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Figure 1.5: Proportion of retirement consumption for optimal allocations

(a) Benchmark normative model
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(b) Utilitarian planner (same discounting as
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tions. On the horizontal axis we have average labor earnings of the individual during its working life

and on the vertical axis we have the proportion of retirement consumption at the optimal allocation.
Each line in the graph represent the allocation of agents with a different level of 3.

Source: Author’s computations. Proportion of retirement consumption for optimal alloca-

the payoff of high earnings individuals and therefore is particularly worried about
their retirement consumption rates. As a result, in the benchmark normative model
the planner offers an allocation with a much lower dispersion on the proportion of
retirement consumption at high earnings.

In Figure we plot the caps on retirement savings accounts arising from the
benchmark normative model. Two accounts are used to a relevant extent and the

caps are well approximated by piecewise-linear functions. Furthermore, low earnings
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Figure 1.6: Caps on retirement savings accounts
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Source: Author’s computations. Caps on retirement savings accounts on normative model that
better approximate actual policy. On the horizontal axis we have average labor earnings of the
individual during its working life and in the vertical axis we have the cap on the contribution to
each of the 3 different retirement savings accounts.

individuals have very little access to these accounts. This points in the direction that
optimal policy can be well approximated with simple policy tools.

In Figure we plot the optimal levels of taxes (or subsidies if numbers are nega-
tive) on savings at the optimal allocation for the different retirement savings accounts.
There are high taxes on savings as the planner in the benchmark normative model
considers that some individuals are savings too much. There are also considerable tax
breaks on the retirement savings accounts. Saving on retirement account 2 entails at
least a 10% lower marginal tax rate on the return to savings as compared to savings
on the regular savings account.

We now turn into the analysis of social security benefits. In order to understand
the difference between current social security benefits and optimal old-age benefits
implied by the normative model, it is important to understand how redistribution
affects retirement benefits in our model. In Figure[l.8| we compare the current system

of old-age benefits by earnings level with the normative model implication under the
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Figure 1.7: Tax rates on savings
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Source: Author’s computations. On the horizontal axis we have average labor earnings of the
individual during its working life and in the vertical axis we have the tax rate on savings. Each line
represents a different retirement savings account or the regular savings account.

benchmark normative model (o« = —0.6) and for a utilitarian planner (o = 0) with
the same levels of 9. We see that a utilitarian government in our normative model
would provide benefits with a qualitative shape more in line with the current system.

In order to check whether this wide difference between current retirement benefits
and those arising from the normative model, we choose Pareto weights and discounting
of the planner to match the current system of retirement benefits. In Table [L.3| we see
that the redistribution motive indeed has to be close to utilitarian to explain current
social security benefits. But if we take those as the government’s preferences, then the
available gain for the government of implementing optimal policy would be of around
63%. This highlights the difficulty in reconciling current social security benefits with

current redistribution levels in the lenses of our normative model.

Finally, we check how much of the welfare gains available can be obtained with a

simple policy change in the current system. We consider the following instruments:
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Figure 1.8: Old-age benefits by labor earnings level
Source: Author’s computations. Optimal policy for benchmark normative model and utilitarian
planner (same discounting level as benchmark model). On the horizontal axis we have average labor
earnings of the individual during its working life and in the vertical axis we have the level of social
security benefits at retirement. Each line represents the retirement benefits in a different system
(current, benchmark normative model (L2 minimum norm) and utilitarian).

Table 1.3: Consumption equivalent welfare gains

Calibration annual ¢ o  Welfare Gain
Benchmark 0.974 —0.60 17.5%
Fitting SS benefits  0.940 0.15 62.9%

Source: Author’s computations. Consumption equivalent welfare gains of moving to optimal pol-
icy for the different calibrations of the planner’s preferences. The consumption equivalent gain is
computed considering a uniform change in consumption during working life and retirement, but no
change in labor supply.

tax schedule parameters A and 7; abolishing the cap on social security benefits and
allowing for a multiplier on current benefits by a parameter v > 0 at all earnings
levels; abolish IRA account and keep only one 401(k) account available with a mini-
mum threshold on earnings for contributions, a cap that is a share of labor earnings
and a match rate of 50%. Then using these policy instruments, we maximize the

government’s goal (with the same « and § used in our approximation to current

policy).
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We find that with these instruments the government (with o = —0.6 and § =
0.974) is able to obtain a sizable consumption equivalent welfare gain of 7%. In this
exercise, we find much higher social security benefits (v = 1.94) funded by higher
income taxes (A = 0.74 and 7 = 0.41). The minimum income threshold on the
401(k)-like account is $34,775 average earnings and the cap on matching is 0.6% of
labor earnings. As emphasized before, the main source of the gain for this regressive
government is the increase in social security benefits to high earnings individuals. Of
course, those results are for a particular government preference for redistribution and
discounting as opposed to the previous exercise where we argued that there are no
government preferences that can explain well both the current level of redistribution
and the current level of retirement benefits. However, this final exercise highlights

that simple instruments can achieve sizable welfare gains in this economy.

1.5 Extension: Behavioral and Pigouvian policies

Our main insights extend to a variety of behavioral and neoclassical models in which
there is disagreement between agents and the government. The key element in the
model is that at the time of decision individuals foresee heterogeneous costs (or gains)
in their actions that are different than the costs (or gains) the government foresees.
This wedge between government’s objectives and agent’s objectives is a common
feature of several economic models.

mullainathan2012reduced uses an abstract “preference wedge” between the agents
and the government to study a variety of models in behavioral economics as well
as in classical economics. With behavioral agents a wedge arises from “internalities”,
which represent inefficient behavior that causes harm to the agent herself (e.g., present

bias) E-]Conversely, in a classical model the wedge is caused by an externality in which

31In fact they show preference wedges arise naturally when agents have incorrect beliefs (over-
optimism or over-pessimism) or inattention for example.
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the agent cause harm (or benefit) to others. In both cases, agents and the government
foresee different costs and gains from agents actions.

In this more general model, our insight implies that optimal policies involve an
effective quantity restriction at low earnings whereas high earnings individuals are
given more freedom in their choices if there is a redistributive motive. Furthermore,
this more abstract setup allow us to show that without redistribution, a quantity
restriction implements optimal policy.

There is a continuum of consumers with varying degrees of a generic “preference
wedge.” Action a € [0, 1] has associated unit cost p and income-equivalent benefit b
that depends on a as follows: b(a) > 0, V' (a) > 0, b" (a) < 0. In order to guarantee
interior solutions, we also require b’ (0) > 0 and ¥’ (1) < p. Agents act according to
their decision utility

UP (0,0) = u(c) + ae (a) — %v (v)

where ace (a) is a preference wedge and we assume € (a) > 0, €' (a) > 0, €”"(a) < 0
and b (¢! (+)) is weakly concave.

However, experienced utility from consumption ¢ and labor earnings y is given by

UB) =ulc)—Zv(y)

where ' (-) > 0, «”(-) < 0, v'(-) > 0, ,v"(-) > 0, lim,,ov'(y) = 0. Note that
experienced utility depends on the action only through its effect on consumption.
For oo = 0 we have U” = U and there is agreement between the government and the
agent. For a # 0, the agent’s private cost (or gain) from action a differs from the
social cost (or gain) from his action a. There is unobservable heterogeneity in (6, o) €
© x A distributed according to 7 with full support and where A = {ay,...,ay} and

© = {by,...,0n} are finite sets as in our benchmark formulation. An allocation
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{a(b,a),c(0,0),y(0,a)}y.coxa is Tesource compatible if we have
Z’TF(Q,O&) [C(G,O&) + pa (9,0&) o b(CL (9,0&)) o y(97a>] <0
0,

In this model the first best level of the action a does not vary with the agent’s
type and is independent of redistribution@ In fact, at the first best all agent’s choose
a* such that

V(a*)=1

where a* € (0, 1) from our previous assumptions.

Laissez-Faire — Without government intervention, agents choose (a, ¢, y) to maxi-
mize UP (0, o) subject to the budget constraint c+pa < y+0b(a). In that case, agents
with o # 0 will generally choose a™ (6, ) # a* and we have o' (0, ) # a™¥ (0, /)
for o # .

Quantity restriction - The implementation of a quantity restriction in the laissez-
faire economy is efficient to the government that desires no redistribution. In fact,
consider a quantity restriction in which the government forces a = a*, but does not

implement any redistribution policy so that agent’s budget is still given by
c+pa” <y+b(a")

It is then straightforward to show Lemma [3]

Lemma 3. (Quantity restriction without redistribution) A quantity restriction of
a(f,a) =a* such that

V(a")=p

1s efficient if it is implemented together with no redistribution policy.

32That was not the case in our benchmark model. In fact, in that model the planner would like
an agent that receives more consumption in the initial period to also consume more in the second
period.
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Proof. In fact, let Pareto weights be given by \ () = m where c* () is the

level of consumption in the laissez-faire economy with the quantity restriction. ]

The model in this section highlights the trade-off between paternalism and redis-
tribution by disentangling the optimal first best level of a for the government from
the redistributive motive. In fact, since the government believes preference wedges

should be zero, then the first best level of the action a does not depend on the agent’s

type.

Theorem 4. Fix 0y and assume that 0 € A. If A(0) is weakly decreasing in 0, then

there exists 0, > 0 such that at the solution to the planner’s problem

1. if 0, < 01, then all agents with types in {(01, ) : a € A} receive the same allo-

cation (quantity restriction)

2.if 0, < -+ < On_1 < Oy, then agents with types in {(Oy,a): a € A} do not

receive all the same allocation.

Theorem |4 shows that our main insight holds when there is over-consumption and
when there is both over-consumption and under-consumption. Even though the signs
of the distortions are undetermined in this case (so that Theorem [2| does not hold),
Theorem [1| continues to hold and resulting optimal policies are very strict on low

earnings individuals if there is a redistributive motive.

1.5.1 Applications: Environmental and drug policies

We now discuss two concrete applications of this general framework. In the first one,
there is heterogeneity in how individuals value externalities generated by pollution of
energy inefficient vehicles?| Some individuals do care considerably about pollution

and buy more energy efficient cars, whereas some other individuals are not particularly

33 Allcott201472 also studies energy policies that deal with externalities.
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concerned with pollution. In the second, the government is concerned about drug
usage and wills to reduce its consumption. Again, we assume there is considerable
heterogeneity across individuals in preferences toward drug usage at all income levels.

Fuel Efficiency — In the case of energy efficiency, we can think of action a € [0, 1]
as the energy efficiency of the vehicle. There is a first best level of energy efficiency
a* € (0,1). The cost of a vehicle with energy efficiency a € (0, 1) is given by pa. The
benefit to society of allocating a vehicle to the agent is given by b(a) in monetary
terms which already take into account the cost of pollution. Agents have a preference
wedge, in the sense they do not fully internalize the effect of pollution when purchasing
a vehicle so that a < 0 for some agents (and in general a < 0).

If there is redistribution in this economy, optimal policy implies that low earnings
individuals will purchase all at the same level of high energy efficiency according to
the appropriate extension of Theorem |2| to this SetupF_Z] This policy can be imple-
mented with income tax rebates on vehicle purchases that depend both on the level
of energy efficiency on the car, but also on the earnings level of individuals. At low
earnings levels, individuals receive a very high income tax rebate (or a tax credit) for
a highly energy efficient car. At higher earnings levels, the government allows agents
to enjoy energy inefficient vehicles in exchange for lower tax rebates (and hence an
improvement in redistribution).

If there is no redistribution in this economy, then Lemma [3implies that a = a* for
all individuals. In this case, the government regulates fuel efficiency directly and forces
all agents in the economy to purchase a vehicle with a level a* of efficiency. We see in
this example that the government is willing to trade-off a higher level of externalities

from high earnings agents in exchange for an improvement in redistribution.

34Since we have o < 0, that extension implies that at the lowest earnings level we have

b (a(0p,a)) <1
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Drug Policy - In the case of drug policy, the action a € [0, 1] is drug consumption.
The drug has a price of p > 0 per unit, and a social monetary benefit b(a) = 0 so
that from the government’s perspective, the optimal level of consumption is a* = 0.
However, some individuals disagree with the government and would like to consume
drugs so that a a > 0. Here we assume the government is actually able to control
the sale of drugs, which is a rather strong assumption, however we think of it as an
important benchmark.

With no redistribution, optimal drug policy is a quantity restriction a = 0, however
with redistribution drug policy is considerably more heavy handed at low earnings
individuals as compared to high earnings individuals. The government can imple-
ment optimal policy by offering prescriptions for drug usage whose cost varies with
the earnings level of individuals and the quantity of drugs purchased. However, at
low earnings levels those prescriptions are prohibitive so that agents are effectively

prohibited to use drugsF_g]

1.6 Conclusion

In this paper we develop a normative model of paternalistic policies and show how
redistribution plays a key role in shaping those policies. The main insight we find is
that optimal policies are very restrictive on the behavior of low earnings individuals,
but allow for more flexibility on the behavior of higher earnings individuals. This
insight arises from a trade-off between paternalism and redistribution that is present
in the model and that varies by earnings levels. Further, this insight implies that op-
timal retirement savings policies for behavioral agents will involve only social security

(forced savings) at low earnings levels, but will involve offering a menu of retirement

35 Another interpretation of such a policy at low earnings is drug testing of welfare recipients as
those with the lowest level of earnings receive transfers.
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savings accounts (similar to 401(k) and IRA accounts) to high earners on top of social
security benefits.

We show that this insight is very general and hold in behavioral economics models
with redistribution. In fact we construct one dynamic extension of the normative
model in which agents have hyperbolic preferences and we show our insights hold true.
Finally we show this insight holds generally when the government and agents disagree
about the cost or gain of an action. This includes both behavioral economics models
and also neoclassical models. Our theory implies quantity restrictions on low earnings
individuals actions are a more efficient tool than linear taxes in achieving both better
decisions from the government’s perspective and improving redistribution. However,
we show that it is efficient to relax quantity restrictions for high earnings individuals
if there is a strong redistributive motive. In fact, by providing more flexibility to high
earnings ability individuals, the government creates an extra incentive for them to
work hard and actually obtain high earnings in the labor market.

In a quantitative evaluation, we show that actual policy has important differences
to efficient policies arising from the normative model. In particular, we find that
current social security benefits are consistent with a government that has close to
utilitarian preferences, but at the same time the overall system of retirement savings
policies and redistribution policies (income taxes and transfers) is better approxi-
mated by a more regressive government. This difference relies fundamentally on the
heterogeneity in preferences and on two characteristics of the current income tax
code, and the quantitative exercise just highlights those properties. First, there is
widespread evidence for heterogeneity in discounting rates and in the level of present-
bias. Second, the lack of progressivity in the U.S. tax code is a consensus in the public
finance literature. In fact a utilitarian government would implement much higher top
income tax rates than the currently implemented in the U.S.(see [86]). Further, [51]

find that not only top income taxes are inconsistent with a progressive social planner,
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but the overall tax structure in the U.S. is considerably more regressive than utili-
tarian. Finally, the cap on social security benefits for individuals with high earnings
implies a considerable level of flexibility on their savings. Those three characteristics
of the current economy are inconsistent with the normative model, exactly because a
regressive planner is particularly worried about the behavior of high earnings agents
and therefore would like to make sure they save on top of the current cap on social
security benefits.

Finally, here we have focused our attention on paternalistic policies arising be-
cause of behavioral motives, due to the large body of evidence for present bias in the
behavioral economics literature. However, there are important alternative explana-
tions for paternalistic policies that might also play an important role. In particular,
[53] and [22] find that altruistic behavior can be used to explain welfare policies.
It would be interesting to check if our insight for paternalistic policies arising from
behavioral biases would also hold in a setting where paternalistic policies arise for

altruistic reasons and a Samaritan’s dilemma.
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Chapter 2

Taxing a bright future? Advance
information and optimal labor income

taxation

This paper studies the effect of heterogeneous expectations about future labor market
outcomes on optimal labor income taxes. The recent literature on labor income
processes ([46] and [49]) highlights that workers early in their careers already have
considerable information about their future labor income. But there is not a full
understanding of the effect this ex-ante information can have on optimal tax levels.
I show that unobservable heterogeneity in expectations about future labor income
fundamentally affects optimal top marginal income tax rates. In particular if those
expectations have different Pareto tails, I show with quasi-linear preferences and an
arbitrary level of redistribution that the top marginal income tax can reach 100%.
Furthermore, I find that top marginal tax rates are lower for agents with a brighter

future, and that in exchange those agents receive lower transfers E]

T want to thank Mike Golosov for invaluable advice, guidance and encouragement throughout this
project. I would also like to thank Mark Aguiar, Benjamin Moll, Richard Rogerson and Juan Pablo
Xandri and participants at the Princeton Macroeconomics Student Lunch Seminar for insightful
comments and suggestions.
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2.1 Introduction

There is an ongoing debate in the labor-economics and macroeconomics literature
about the sources of uncertainty that people face on their labor market outcomes
during the life-cycle. The predominant view during the last few decades has been that
observable heterogeneity and uncertainty determine labor market outcomes ([70]).
According to this view, the observable level of inequality in labor income is mostly
due to luck over the life-cycle and not about initial conditions. The alternative view is
that there is heterogeneity in initial conditions that explain a considerable portion of
income inequality over the life-cycle ([68]). Recent findings in the empirical literature
on labor earnings dynamics point to the importance of this alternative VieWEI Using
data from the Panel Study of Income Dynamics, [47] finds that heterogeneity in life-
cycle profiles can explain up to 75% of income inequality at age 55.

Furthermore, workers have a lot of information about their life-cycle profile early
in their careers. [40] and [49] estimates that when entering the labor market workers
have information that can explain more than 60% of the heterogeneity in life-cycle
profiles. However, even with this considerable evidence for heterogeneity in expected
labor market outcomes, the normative literature on optimal taxation has mostly
followed the predominant view that labor income inequality arise mostly due to luck
over the life-cycle (e.g., [32], [89] and [39]).

In this paper, I study optimal labor income taxation in a two-period model with
heterogeneity in expected labor market outcomes. There are two sources of hetero-
geneity in the model: unobservable labor earnings ability in the labor market and
unobservable ex-ante labor market profiles. People with a different profile face a dif-
ferent distribution of labor earnings ability into the future, but are otherwise equal in
the current period. Intuitively, those people have different expectations about labor

market outcomes.

2|54] and [48).
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This paper makes four contributions to the taxation literature. First, it provides
optimal tax formulas when there are heterogeneous labor earnings profiles using both
non-linear and linear labor income taxes taxes. Second, it shows that optimal top
marginal tax rates can reach 100% if there is heterogeneity on the Pareto tail of the
labor ability distribution across different labor earnings profiles. Third, it provides a
decentralization of optimal policy that explores self-selection of workers into different
tax schedules. Lastly, in the case of linear taxes, it shows that workers with better
earnings profiles will always choose tax schedules in which they face lower marginal
taxes and receive lower transfers from the government as compared to those chosen
by workers with worse labor earnings profiles.

By providing workers different tax schedules from which they can choose from
beforehand, the government is able to diminish dead-weight losses from taxation.
Workers with very high expectations about their future labor market outcomes are
concerned about the marginal labor income tax rates they face, but not as much
concerned about the transfers in case of a bad labor ability shock. Conversely, work-
ers with low expectation about their future labor market outcomes are particularly
worried about bad shocks and are willing to pay higher marginal income taxes in case
of a high ability shock in exchange for higher transfers in case of low ability shocks.
Therefore, the planner finds it optimal to offer different tax schedules for otherwise
equal workers as a result of the heterogeneity in expectations.

I provide optimal tax formulas when there is heterogeneity in earnings profiles.
I follow the approach in [27] and derive closed form solutions for taxes using quasi-
linear preferences. The closed form expressions for tax rates allow me to study in
detail the effect of earnings profile heterogeneity on top marginal income tax rates.

For the case without profile heterogeneity, [87] derived optimal top marginal in-
come tax formulas. He shows that top marginal income taxes depend on a handful

of sufficient statistics, such as the elasticity of labor supply at top incomes, and re-
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distribution motives. One key intuition from his formula is that if the social planner
assigns a very small welfare weight to high earnings individuals, then the optimal
top marginal income tax is at the top of the “Laffer curve”, i.e., it is at the level that
maximizes tax revenue. Conversely, with unobservable heterogeneity in profiles, I find
that top income tax rates can be substantially higher, approaching 100% for earnings
profiles if the distributions across profiles have different Pareto tails.

The social planner offers individuals with relatively bad expectations about their
future labor market outcomes an insurance scheme in which they receive high trans-
fers, but they are taxed at extreme high marginal rates in case the labor market
outcome is very good. Those tax rates prevent people that expect a very good future
labor market outcome from pretending to have a worse earnings profile. As a re-
sult, the planner is able to improve redistribution and at the same time impose lower
distortions on labor decisions of very high earners with an ex-ante better earnings
profile.

The taxation literature focuses attention on taxation schemes that depend on
observable outcomes, such as the labor earnings level, in [75] for instance, the saving
level, in my job market paper, or even height, in [72] for example. In those schemes
people are not given a choice of which tax scheme they would prefer. This is true
even in the dynamic taxation literature where taxes are allowed to depend on the
history of observable labor earnings. In our setup, people are absolutely identical
ex-ante except for their unobservable heterogeneous profiles, any variation in the tax
system across profiles has to come from self-selection and individual choice, and not
from observable choices of labor supply or consumption.

In particular, the optimal tax formulas derived in this paper also hold in the
case the government is constrained not to use some observable piece of information.
For instance, the constitution might prevent the government from charging different

tax levels from workers with different educational levels but the same amount of
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labor income. Using data from the Survey of Consumer Finances, I find that there
are significant differences in the Pareto tail of the labor income distribution across
different educational levels. This implies that a self-selecting tax system would lead
to large differences in top marginal income tax rates faced by workers at different
educational levels.

This paper is organized as follows. Section develops the model with linear
taxation and obtain closed form solution for optimal taxes. Then Section [2.3| charac-
terizes the solution to mechanism design problem the social planner faces, it provides
a decentralization to the solution of the planner’s problem, and it shows that top in-
come taxes are greatly affected by heterogeneity in Pareto tails of the labor earnings
ability distribution across different labor earnings profiles. Section [2.4] provides empir-
ical evidence that Pareto tails can differ considerably across groups in the population
with different educational levels, and it shows that this has important implications
for taxation both in the case in which policy can be made directly conditional on the
educational choice as well as in the case in which policy cannot be made conditional

on educational choices. Finally, Section concludes the paper.

2.2 Model with linear taxation

This section proposes a baseline model to consider the effect of advance information
(heterogeneous profiles) into the design of optimal linear taxes and lump-sum trans-
fers. There are three parts to this analysis. First, it describes the basic assumptions
on preferences and on what the government observes. Second, it provides an example
with only two-profiles in which 1 show how self-selection is useful to improve the ef-
ficiency of labor income taxation. Lastly, this section provides optimal tax formulas

for linear tax systems that make usage of self-selection.
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I start with the model description. There is a unit mass of workers that live for
two periods. In the first period agents learn their labor market profile p € P = [p, p]
whose probability distribution is denoted by H (p) with a density A (p). In the second
period, agents learn their labor productivity type 6 € [Q, ﬂ with a distribution F' (0|p)
where p is the profile of the agent realized in the first period. Distributions are ordered
so that the distribution for a higher profile p dominate in first order stochastic terms
distributions for lower profile levels. Agents work in the second period and their

preferences are ordered byf
e

1+1

u(c,l) =c—

where c is the level of consumption and /¢ is labor effort. Labor output of a worker is
y = 04, so that it depends both on work effort and on the level of labor earnings ability
of the worker. The government observes (c,y), but not (p,6) or £. Furthermore, the

government and workers can communicate in both periods.

2.2.1 Example with two profiles

To gain intuition about the usefulness of self-selection, let’s first consider an example
with affine tax schedules and two labor earnings profiles (py > pr). Workers receive
a lump-sum transfer from the government 7" and pay a marginal tax 7 on labor

earnings.ﬁ] Therefore a worker has a budget given by
c<T+(1-1)y

Then the indirect utility function in the second period is

. 1

U(T,7:0)=T + 1+6[(1—T)«9]1+5

3In Section I relax the assumption of iso-elastic disutility from labor effort.
4 Alternatively, one can think of 7" as a uniform deduction on income taxes.
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and the policy function is y* (6;7) = (1 — 7)° '™, In the first, period, the indirect

utility of workers with an earnings profile p is

~

V(T,7;p)=T+

e (1 . 7_)1+5E [91+a|p}

Since E [0'*¢|p] is monotonically increasing in the profile p, the “marginal rate
of substitution” between transfers 7" and marginal taxes 7 is different for different
earnings profiles. Therefore, the indirect utility actually satisfies single-crossing in
the earnings profile for the choice between the two forms of taxation. As a result, the
government can separate workers with different profiles.

Therefore, the government in general can use a tax menu in which workers self-
select into the optimal tax for themselves. Let’s denote by (7 (py),7 (py)) and
(T (pr) , 7 (pr)) two of those tax schedules. In the following paragraphs, I show that
the government finds it optimal to set 7 (pr) > 7 (py) when the redistributive motive
is sufficiently strong. In this case, workers with a brighter future then face lower
marginal taxes than workers that have low expectations about their labor market
outcomes.

This result highlights the relevance of the discussion in the labor economics lit-
erature about the nature of the labor income process. On one hand, if workers have
considerable information about their future labor market prospects, optimal taxation
involves offering different tax schedules so that workers can self-select according to
their expectations. On the other hand, if workers have homogeneous expectations
and face only uncertainty, then optimal taxes involve offering a single tax schedule
and there is no role for self-selection.

Assume that the redistributive motive is sufficiently high, so that
‘COV (a (0) L o1te |p) ‘
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is strictly decreasing in the earnings profile. For instance, this happens when
limy_,., a () = 0 and high profile workers have a distribution of ability with sufficient
higher weight on higher ability levels as compared to the distribution of ability of
low profile workers.

Then, consider the government perturbs the tax schedule for workers with a high
profile, but that it keeps the tax schedule for low earnings profile workers unchanged.

The perturbation is such that the payoff of high profile workers in unchanged:

~

dV (T (pu), 7 (pu) spr) = dT (pa) — (1 — 7 (pu))" E [91+E\p1{] dr (pu) =0

for dr (py) < 0 and dT (p) < 0. Then we have dV (T (pg),7 (prr) :pr) < 0 so that
workers with a low earnings profile dislike the new schedule and will keep using the
one originally designed for them. However, high earnings profile workers are just
indifferent between the two schedules and I assume they decide to use the new one[]

The change in net government spending with high profile workers is composed of
the mechanical and behavioral effects, as in [87]: there is a change in tax revenue
because of the direct change in the tax rate, taking as given workers choices (me-
chanical effect), and there is a change in tax revenue because workers choices change
as a result of the tax change (behavioral effect). Computing those two effects in this

example, we get

dR = —e (pu) (1 = 7 (pw))° " b () E [0 |pst] d7 () > 0

Therefore, the lower tax revenue caused by lower marginal tax rates is more than
compensated by the change in transfers. Intuitively, marginal taxes lead to dead-

weight losses and lump-sum transfers do not, so that relying relatively more on lump-

5Tt is possible to slightly change the perturbation to make high profile workers strictly better off,
however it complicates the exposition considerably.
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sum taxes (less on lump-sum transfers) for high profile workers lead to higher revenue
to the government.

However, the change in the tax schedule also leads to a welfare effect. Indeed,
there is a reduction in social insurance of earnings shocks across agents with a high
profile. In order to compute the total change in welfare, we need to take into account
both the value of extra funds obtained and the direct welfare effect on workers with
a high earnings profile. Since preferences are quasi-linear, the social cost of funds is

unitary in this economy. Therefore the total change in welfare is given by

dW = h(py) [E [0 (0) [pa] dT (pr) — (1 = 7 (pr))" E [a (0) 0"*|py] d7 (pn)]

—e7 (pur) (1= 7 ()" 1 (pi) E [0 pir] dr (prr)

where the first line in the expression represents the direct welfare change and the
second line the gain in resources. It is useful to re-write this expression using the

expression for T' (py) and rearranging:

dw
h(pr) (1 =7 (p))°

= — |Cov (a(0),0"|py) + 6%}]5 10" |py ] | dT (pu)

At the solution to the planner’s problem it cannot be the case that dWW > 0, therefore

from the condition above we obtain that it must be the case that

—Cov (a(0),0"|p) > 5%15 [0+ |psr]

at the solution to the government’s problem. The covariance term in the left hand side
of this inequality captures the direct welfare loss as social insurance across workers
with a high earnings profile is reduced. The left hand side captures the social gain

from the extra resources made available with the tax change. As a result, optimal
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taxes for high earnings profile workers must satisfy

_ECOV (a(6).0*|pn) > 7 (pn)
e E0™lpa] T 1-7(pu)

An analogous perturbation in the tax schedule of workers with a low profile shows

that optimal taxes satisfy

() 1Cov(a(6),0"|pr)
L=7(pr) = &  E[p]

From the assumption that the government has a strong redistributive motive, we then
have that 7 (p) > 7 (py), so that the government finds it optimal to charge a lower
marginal tax rate in the tax schedule offered to high earnings profile workers. Of

course, this is in exchange for lower transfers that high earnings profile workers face.

2.2.2 Optimal linear taxes in general case

In this sub-section, I show that linear taxation menus offered to workers by the
government always involve weakly lower marginal tax levels for workers with higher
earnings profiles. Moreover, I characterize optimal taxes when the government fully
separates all different earnings profiles into different tax schedules.

A tax menu (T (p), 7 (p)),cp is incentive compatible if

~

V(T (p),7():p) 2V (T(@),7);p) (2.1)
for all p,p’ € P. But notice that this implies
(=7 @)™ = (=7 ()] [E[07p] — E[0p/]] > 0

and therefore I just proved:
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Lemma 5. In any incentive compatible tax menu (T (p), 7 (p)) the marginal labor

peP’
tax T (p) is weakly decreasing in the earnings profile, and the level of government

transfers T (p) is weakly decreasing in the profile as well.

This result highlights that with affine taxes, it is impossible for the government to
charge workers with a high profile a strictly higher marginal tax rate. The example in
the last sub-section show however that the government might actually want to charge
lower taxes for those high profile agents as that can improve tax revenue considerably
by reducing the level of government transfers (or tax deductions).

Since indirect utility over tax schedules satisfy single crossing, it is possible to
solve the government problem of finding the optimal tax menu (T (p), 7 (p)),cp us-
ing standard techniques in contract theory. In particular, if we define 1% (p) =
1% (T (p), 7 (p);p), then incentive constraint is equivalent to the envelope con-
dition

awvi(p) 1 1= OE[0'|p]
ap —1+€(1—T(p)) o (2.2)

for all p and the requirement that 7 (p) be weakly decreasing in p. If we relax the
planner problem by ignoring the monotonicity constraint in marginal taxes, we obtain

the following Theorem.

Theorem 6. At the solution to the relaxed planner’s problem with linear tax menus,

taxes satisfy

T(p) 1
T—r(p) = [Do (p) — D1 (p)]

where
_Cov(a(8),0"|p)
E [01F]p]

Dy (p) =
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and

OE[01<|p]

010 = 5 () [ (T ) 0 - B @

for all p € [p,p]. If T (p) defines in this way in monotonically decreasing, then T (p)

1s the solution to the original government’s problem.

Proof. See Appendix. ]

As in the previous example with two profiles, the first term in optimal taxes
represent the redistribution motive within workers with an earnings profile p. If
the covariance between welfare weights and labor ability is very negative, marginal
taxes are higher so as to provide more social insurance. However, in the optimal
tax formula, it is possible to inspect that taxes not only depend on social insurance
within an earnings profile, but also on social insurance across earnings profiles. The
second term depends on how different profiles are from each other in terms of their
earnings ability distribution, and also on how average social welfare weights vary with

the earnings profile.

2.3 Planner’s problem and non-linear taxation

This section extends the results in the previous section by allowing for an arbitrary
set of policy instruments for the government. There are three important contribu-
tions in this section to the general argument of the paper. First, I characterize the
solution to the general social planner’s problem in an economy in which workers have
heterogeneous earnings profiles. Second, I show how the general solution to the social
planner’s problem can be decentralized using tax menus that rely on self-selection by
workers. Lastly, I derive the implications for top income tax rates of heterogeneity in
the upper tail of the earnings distribution across different labor earnings profiles.

63



There is a unit mass of agents that live for two periods. In the first period agents
learn their labor market profile p € P = [p,p|] whose probability distribution is
denoted by H (p) with a density h (p). In the second period, agents learn their labor
productivity type 6 € [¢,6] with a distribution F (f|p) where p is the profile of the
agent realized in the first period. Distributions are ordered so that the distribution
for a higher profile p dominate in first order stochastic terms distributions for lower
profile levels. Agents work in the second period and their preferences are ordered by

Uﬂc,y;@)zc—u(%)

where ¢ is the level of consumption and y denotes labor earnings. Here I relax the
assumption that the disutility from work effort is iso-elastic. The planner observes
(¢,y), but (p,#) is not observable.

The planner is able to meet with agents in both periods so that it can design
a policy that depends on decisions of agents in both periods. By the Revelation
principle I can restrict attention to direct mechanisms {c(p,0),y (p,0)}. Further, I
assume that F' (-|p) has a density f (-|p) that has full support for all p € P so that I
can restrict attention to mechanisms in which agents report their current type onlyﬁ

An allocation {c(p, ),y (p,0)} is incentive compatible if

) v (LBD) > e - o (L20) 23)

for all 6,0" € [Q,(ﬂ and

[ w0 (22D somar= [ [eo.0 -0 (“2D)] s op)a

(2.4)

6Otherwise it would be necessary to report the full history of types in the second period.
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for all p,p’ € P. Define U (0|p) = ¢ (p,0)—v <@>. Following the standard approach
in mechanism design theory, incentive constraint (2.3)) is equivalent to the envelope

condition

U (0lp) = U (6lp) + /;y<§;9>v’ yO;’e) b (2.5)

for all 0 € [Q, ﬂ and y (p, -) weakly increasing in 8
I further relax the incentive problem by assuming also using the envelope condition
for the report of the profile in the first period. In this case the envelope condition

that arises from incentive constraint [2.4]is defined by

P 0 /
V) -V [ ( | v %de) i (2:6)

P P

for all p € [p, p|, where we define

for all p € [p, p|.

The resource constraint in the economy is

D 0
/ h(p) / (c(p.0) —y (p.0)] f (Olp) dbdp < R (2.7)
p [

where R is net resources available to the governmentﬁ The government evaluates

welfare in this economy according to

/ph(p) /;O‘(@) [C (p.6) —v (y(% Q)H PO doy -

b

4
8In the usual case, R is given by other government spending and therefore R < 0.
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where a () > 0 is a set of Pareto weights normalized so that

[0 [ o) @ anip =1

b

The planner’s problem then is to maximize (2.8)) subject to incentive constraints
(2.4)), (2.3), and resource constraint (2.7). In the following I consider the solution to
the relaxed planner’s problem where I substitute incentive constraints (2.4)) and ([2.3)

by their local versions (2.6)) and ([2.5]).

2.3.1 Optimal non-linear labor wedges

In this section, I characterize the optimal labor wedge at the solution to the social
planner’s problem without restrictions on tax instruments. I first show that labor
wedges also depend both on redistribution within earnings profiles and redistribution
across earnings profiles. Then I show that if Pareto tails of the distribution of ability
differ by profile, then optimal top labor wedges can approach 100%. In the next
section, I explore this result further.

Before characterizing the solution to this problem, it is useful to define a few

objects. The labor wedge

is a natural measure of the distortion on labor choices of an individual with type
(p,d). Without redistribution, the first order condition on the individual problem
gives 7 (p, ) = 0. However, with a redistributive motive, the social planner distorts
the individual allocation and that distortion can be measured by the labor wedge.
Furthermore, there is a close link between labor wedges and marginal taxes on labor
earnings. In fact, in the decentralization proposed in Section [2.3.3] the marginal

labor tax faced by individuals equals the labor wedge they face. Finally, I denote by
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e (p,0) the Frisch elasticity of labor supply for an individual of type (p,#) at a given

allocation.

Theorem 7. At the solution to the relazed planner’s problem, the optimal labor wedge

satisfies
7 (p,6) ( 1 >
W (14 A(p,0)+ B(p,0
1—7(p,0) e (p,0) 4 @:6) 0
where _
1— F(0]p) /9 N @)
Ap,0) = ————=|1— a(l) —=—~—db
0= @ | DT F e
N— |
A1(p.0) As(p.6)
and
E g [, 7]
B (p,0) = P ( )1—//a9’ 0'1p') dof ——L—dy
®O =55 0\ R () S OO
B@,@) B;Ep) B;Ep)
for all § € [0,0] and p € [p, .
Proof. See Appendix. -

This tax formula has two components related to redistribution within an earnings
profile and redistribution across earnings profiles. The term A (6, p) is a standard term
in tax formulas (|27] and [87]). It’s first component, A; (p, ) captures the thickness of
the tail of the distribution of labor ability at a given profile p. The second component,
Ay (p,0) captures the redistribution motive of the social planner within the income
profile p. If social welfare weights converge rapidly to zero at high earnings ability,
then As (p, ) converges to zero as earnings ability increase so that the thickness of
the tail of the distribution of labor ability and the elasticity of labor supply determine
the contribution of this term for labor wedges at top earnings ability.

The term B (p,0) in the formula captures the contribution of heterogeneity in

profiles to optimal labor wedges. It depends on the following three components: (1)
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how the distribution of earnings ability varies with earnings profiles; (2) the shape of
the distribution of earnings profiles; and, (3) the redistributive motive of the planner
across different earnings profiles.

The redistributive motive of the social planner across different earnings profiles
is captures by the term Bj(p). From our assumption that higher profiles have a
distribution of ability that is better in first-order terms, then term Bj (p) is positive
and decreasing in the earnings profile level p as long as o () < 0. The shape of the
distribution of profiles is captured by term B (p). This term has a positive sign.
Notice that those two terms do not depend on earnings ability, therefore they have a
uniform effect on the labor wedge across all earnings levels at a given profile.

Finally, B; (p,f) measures changes in the distribution of ability across different
earnings profiles. This component has a positive sign as higher earnings profile have
a distribution that dominates in first order terms lower earnings profiles distributions
of ability. Further, it is very important to understand how this term depends on the
Pareto tail of the earnings ability distribution. Assume that for high enough ability

we have 1 — F' (f]p) x (%0)'0(}7), then we have for high enough 6 that

nion <5 (3)

If p/(p) < 0, we then obtain limy_,o By (p,0) = +o0o. Thus in that case we have
limg oo 7 (p,0) = 1. In the next section we explore further the insight that top
income taxes can become arbitrarily large if Pareto tails are different across different

earnings profiles.

2.3.2 Top income tax rates

In this section we make further assumptions on the distribution of profiles and we

then characterize labor wedges for top earnings ability individuals. In particular, I
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simplify the problem so that there is no need to rely on the first order approach in
the reporting of profiles in the first period. I characterize top marginal income taxes
in the case with two different profiles.

Let’s first start with the benchmark case in the literature. Assume that P =
{pr,pr} and 6 = oo so that there are only two earnings profiles and the distribution

of earnings ability is unbounded. If p;, = py and o/ () < 0, [27] and [87] show that

e (2rw) = ()5

where e = limg_,o. € (0) and p = limy_, % is the thickness of the Pareto tail of

the distribution F'. This tax rate maximizes the revenue obtained from high earnings
ability individuals, i.e., it is at the top of the Laffer curve. The next theorem considers
the case

Now let’s consider the case with heterogeneous earnings profiles. Denote by py and

pr, the Pareto tail parameters of the distributions F' (-|py) and F (:|pg), respectively.

Theorem 8. Assume that pr, = pu, v ({) = gfﬁ and o' () < 0, then

i (i) = (02) o fy e somo
i (i) = (2) 5 @@

and

1> lim 7(0,p) > lim 7 (6,py) >0
60— 00 6—0c0
at the solution to the relaxed planner’s problem.

Proof. See Appendix. m
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In Theorem [§, we find that the optimal top labor wedge is lower for individuals
with a high earnings profile. Intuitively, the planner separates individuals with differ-
ent earnings profiles by offering different distortions. Individuals with a high earnings
profile are particularly worried about distortions at high earnings whereas individuals
with a low earnings profile are not that worried about distortions at high earnings.
As a result, the planner can separate those two types of profiles by offering higher

distortion for low earnings profiles at high ability.

oz
1

Theorem 9. Assume that pg < pr, v ({) = Tj and o/ (0) < 0, then

GILH;OT(Q’Z)L) =1> GIEI;OT(G’Z)H) >0
and 7 (0,pr) < 1 for all 6 > 6.
Proof. See Appendix. n

The result in Theorem [J] is striking: individuals with a low earnings profile face
labor wedges that converge asymptotically to 100%. Conversely, individuals with a
high earnings profile face positive but smaller labor wedges. With different Pareto
tails, the probability that an agent with very high ability had actually a low earnings
profile becomes arbitrarily small as ability increases. As a result, the planner distorts
considerably the allocation of those agents in order to prevent deviations from high

earnings profile agents which have a much higher probability of having high ability.

2.3.3 Self-Selection and Taxation

In this section, I provide a decentralization of optimal policy that highlights self-
selection as an indispensable policy tool. In Section 2.2 I showed with affine taxes
how useful self-selection can be for optimal taxation. In this section, I build up on

that insight and the results in Section for labor wedges to show that non-linear
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labor taxes should also use self-selection when workers have considerable information
about their labor market prospects.

In the decentralization, the government offers workers a menu of non-linear tax
schedules in the first period, denoted by T = {T'(:|p) |p € P} where each T' € T is a
different non-linear labor income tax that assigns a tax bill 7' (y) for a worker with
before taxes labor earnings y. Given a tax schedule 7', in the second period, workers
with earnings ability € solve the problem

U(0,T) =maxc —v (Q)
¢y 0
ste<y—T(y)

where y denotes labor earnings and ¢ denotes consumption. In the first period, workers
decide which tax schedule they want to face later in life. Depending on their earnings
profile, workers might choose a different tax schedule, so that their problem is

maxE [U (0,T) |p]

TeT

Intuitively, the planner can explore differences in workers expectations to improve
taxation. On one hand, workers that expect a very good labor market outcome are
willing to forego social insurance of bad shocks for lower marginal labor taxes at high
earnings. On the other hand, workers that expect a not so good labor market outcome
are particularly worried about low ability shocks and might be willing to pay higher
marginal taxes at high earnings levels. As a result, the government finds it optimal
to offer workers a tax menu, instead of a single tax schedule.

I define a competitive equilibrium with taxz menus as given by a tax menu 7 and

an allocation

{C (9,]7) Y (0,])) 7T ('lp)}(e,p,T(p))E@XPxT
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such that: (1) Firms pay workers their marginal product; (2) During working life the
allocation {c (0, p),y (6,p)} ) coxp is optimal for workers of type (6, p) given the tax
schedule T (-|p); (3) Early in life, agents with type p find it optimal to choose the tax

schedule T (+|p); and, (4) The government budget balances.

Theorem 10. An allocation that solves the social planner’s problem can be decen-

tralized as a competitive equilibrium with tax menus.

Proof. See Appendix. n

We have seen in Sections and that allocations are generally different for
agents with different earnings profiles. As there is no decision taken based on the
profile other than the tax schedule chosen, we conclude self-selection is extremely
important in implementing optimal policy in our environment.

There are a few tools currently in use in the U.S. that involve self-selection and
some proposals to change income taxes that have a self-selection component. In retire-
ment savings, IRAs and Roth-IRAs have a differential tax treatment and individuals
can choose which one to use in saving for retirement and therefore allow for self-
selection. Furthermore, there are a few proposals to change the current tax system
by offering an alternative flat income tax rate and eliminate all deductions. Although
in our framework the optimal tax rates are not necessarily flat, this type of policy

has the type of self-selection component that the theory in this paper emphasizes.

2.4 Empirical evidence on Pareto tails

In the previous sections we have shown that different Pareto tails on the labor income
distribution across workers with different expectations about their future labor income
implies extremely different optimal labor income tax rates. Unfortunately, there is
not much data that measures jointly expectations and labor income of workers, and

at the same time has a high coverage of the top of the income distribution.
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Table 2.1: Labor Income Distribution - Pareto Tail Estimates

Year 1989 1992 1995 1998 2001 2004 2007 2010 2013
College graduates
Pareto Tail 210 194 194 209 189 188 183 1.62 1.74
s.e. 0.12 0.08 0.08 0.08 0.07 0.06 006 0.05 0.05
Non-College graduates
Pareto Tail 3.18 323 294 338 322 351 37 317 3.13
s.e. 0.29 0.18 020 020 020 0.23 021 021 0.19

Source: Author’s computations using data from the Survey of Consumer Finances for each corre-
sponding year. Standard errors (s.e.) computed using replicate weights provided in the original data
and method proposed by [84] to adjust for imputation. Fraction of missing information using Rubin’s
formula and imputations provided by the Federal Reserve Board. It represents an adjustment on the
degrees of freedom of the computed statistics because of imputed data. The estimate for the Pareto
tail is computed using the standard method proposed by [52] with a threshold at the 75% percentile
of the labor income distribution for the upper tail of the distribution. All statistics computed using
labor income of head of household. Sample is restricted to head of households between 25 and 60
years old, as well as labor income of at least $1,000.

In this section, we explore revealed preferences of young adults toward acquiring
a higher education degree as a proxy for beliefs about better labor market outcomes.
Of course, this is far from a perfect measure of beliefs, and therefore the evidence
here should be taken with a grain of salt with respect to the implications about belief
differences. However, from a theoretical perspective, those measures are tightly con-
nected in standard models of labor market outcomes and human capital acquisition.
Therefore, it is a useful first step to understand how the top of the labor income
distribution differs across educational levels.

In Table 2.1}, we provide evidence that Pareto tails of the labor income distribution
differ markedly across educational levels in the Survey of Consumer Finances. Indeed,
we find that Pareto tails are statistically different across educational levels at all years
of the Survey of Consumer Finances. Our estimates for 2013 show that the labor
income distribution across workers without a higher education degree is around 3.13
(s.e. 0.19), and of the labor income distribution across college graduates of 1.74 (s.e.

0.05).
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This difference in Pareto tails of the labor income distribution between different
educational levels implies large differences in optimal top taxes even if taxes can be

made conditional on the educational level. Indeed, if o/ (6) < 0, then

i (25)-(-2);

for each observable group, where ¢ is the labor supply elasticity in that group and p
is the Pareto tail of the distribution of labor ability. Our estimates for the Pareto tail
of the labor income distribution have important implications for the distribution of
labor ability in our model. If we assume that the labor income tax is approximately
linear at high income levels, then the Pareto tail of the labor income distribution at
top income levels is given by v = 1 + . Therefore, we have p = (1+¢) (y —1).

The top income tax rate satisfies then

ki (1 i%)) - 51

where 7 is the Pareto tail on the labor income distribution.
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Table 2.2: Top Income Taxes for limg_,o, @ (6) =0

Frish Elasticity e=10 =075 =050 =025 £=0.10

College graduates
Top income tax rate  57.4%  64.2% 72.9% 84.3% 93.1%
s.e. 2.0% 1.8% 1.6% 1.1% 0.5%
Non-College graduates
Top income tax rate  31.9%  38.5% 48.4% 65.2% 82.4%

s.e. 1.9% 2.1% 2.2% 2.0% 1.3%

Source: Author’s computations using data from the Survey of Consumer Finances for each corre-

sponding year. Standard errors (s.e.) computed using replicate weights provided in the original data
and method proposed by [84] to adjust for imputation. Fraction of missing information using Rubin’s
formula and imputations provided by the Federal Reserve Board. It represents an adjustment on the
degrees of freedom of the computed statistics because of imputed data. The estimate for the Pareto
tail is computed using the standard method proposed by [52] with a threshold at the 75% percentile
of the labor income distribution for the upper tail of the distribution. All statistics computed using
labor income of head of household. Sample is restricted to head of households between 25 and 60

years old, as well as labor income of at least $1,000.

In Table[2.2] we compute optimal tax rates for social welfare weights that converge
to zero at top ability. This is a useful benchmark as it provides an upper bound on
optimal top income tax rates. As we just saw, optimal income tax rates in this case
depend both on the Frisch elasticity of labor supply (&) and on the Pareto tail of the
labor income distribution (7).

There is a wide range of estimates in the literature for the Frisch elasticity of
labor supply.ﬂ Therefore, in Table I provide estimates of optimal top income tax
rates at different levels of the labor supply elasticity. There is no straightforward way
to integrate the uncertainty in the literature estimates of the labor supply elasticity

into our estimates of Pareto tails. In particular, we don’t have sufficient information

9GSee [21] for a detailed review of the results in the literature.
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about the degree of correlation between the two estimators. Therefore, instead of
taking that uncertainty directly into account, we provide different estimates of top
income tax rates across a range of labor supply elasticities.

Across all levels of labor supply elasticities, we find that the optimal top income
tax rate on college graduates is higher than the optimal top income tax rate on
non-college graduates. Not only that difference is statistically significant, but it is
economically sizable, ranging from level differences in tax rates of around 10% and
20%. Obviously, we only considered in these estimates upper bound to optimal tax
rates, therefore a less redistributive social planner would implement lower tax levels
at the top. However, the precision of the Pareto tail estimates implies that tax rates
would be still be statistically different across a considerable range of redistributive
motives.

Finally, if the government cannot condition taxes directly on educational decisions,
then the problem reduces exactly to our optimal tax formulas with heterogeneous
beliefs. In that case, the government will implement an optimal top income tax rate
close to 100% for non-college graduates, and a lower level of top income tax rates for

college graduates.

2.5 Conclusion

This paper shows the importance of the exact source of labor earnings heterogeneity
for tax theory. I find that if there is advance information so that some agents have
different profiles as compared to others, then optimal top marginal income taxes are
greatly affected. Further, tax schemes that allow for self-selection play an important
role for this type of heterogeneity as taxation on observable earnings levels is not

enough to implement optimal policy.
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A natural extension of this model is the consideration of human capital invest-
ment. [14] find that top marginal tax rates can have a significant effect on human
capital investment. In this paper, I find that individuals with a high earnings profile
face a lower optimal top marginal income tax rate, even without the distortions in hu-
man capital accumulation. Therefore, it seems likely that human capital investment
considerations might even exacerbate those results. Finally, in joint ongoing work
with Michael Sockin, I study the effects of advance information and college choice in

a Roy model of occupational choice.
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Chapter 3

How to Design Optimal Higher
Education Subsidization Policy?

When Schooling Creates

Opportunities

In this paper we study the optimal design of higher education subsidies and the
optimal design of income tax policies when schooling opens up new opportunities in
the labor market. We consider a redistributive government using labor income taxes
and subsidies of educational costs in a Roy model of occupational choice with an
extensive margin educational decision. We provide a simple formula for the optimal
subsidy on higher education that has three key components: the redistributive motive;
the extensive margin elasticity of education attainment with respect to the cost of
education; and the elasticity of aggregate labor supply with respect to the cost of

education. [l

!This chapter is based in joint work with Michael Sockin from the University of Texas at Austin.
We thank Mikhail Golosov for invaluable advice.
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3.1 Introduction

Income inequality has risen in the United States in the past half century at the same
time as the labor income gap between those with a higher education degree and
those without one has considerably risen (|80]). The strong evidence for skill based
technological change reinforces the importance of higher education attainment for the
study of trends in inequality. Concurrently, the recent empirical literature highlights
the importance of occupational choice in understanding trends in inequality over
the past 40 years in the United States[] Both educational and occupational choices
are extremely important for labor market outcomes, and moreover those choices are
entangled together as the set of skills required in different occupations often involve
different educational levels. Therefore, a government concerned with the level of
inequality in labor market outcomes needs to consider the intertwined nature of those
choices in its design of both labor income taxes and educational policies.

In this paper, we develop a model for the study of income inequality and the design
of optimal higher education subsidies with both an occupational choice problem of
workers and an educational level choice problem of young adults. We achieve that by
developing a Roy model with an extensive margin educational decision. Furthermore,
higher education acts by creating new opportunities for workers in occupations they
could not participate without higher education. A key assumption in the model is that
young adults already have considerable information about the new opportunities that
would arise if they were to obtain a higher education degree. Therefore, in the model
young adults have a multi-dimensional vector of skills over which they can base their
educational choice. This opens up the possibility for positive selection into higher
education as only young adults that have a sufficiently high prior on their returns to
higher education will decide to pay the fixed cost of obtaining a degree. Furthermore,

in the model we allow for considerable flexibility on labor income taxation. The

2[13], |21, [12, [59], [, and [36].
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government has access to a uniform lump-sum transfer, a labor tax schedule that can
either be linear or non-linear and is not assumed to be optimal, and a subsidy on the
cost of higher education.

Our main theoretical result is a tax formula determining the optimal level of
educational subsidies that a redistributive government optimally implements. A re-
distributive government could use labor income taxes and educational subsidies or
taxes in order to improve equity in the economy. We find the government is going
to use both policy instruments, and in particular that it might tax education. The
fundamental reason for this result is the positive selection that occurs into high edu-
cation. Only workers with a sufficiently high return on education will obtain a degree,
by taxing them the planner is able to place a tax levy on exactly those workers that
are on average better off. A strongly redistributive government therefore would be
willing to implement such a tax.

We find empirical evidence of considerable selection of workers with high educa-
tion degrees into particular occupations and also that workers on those occupations
have better labor market outcomes on average. Using data from the 2013 Survey
of Consumer Finances, we show that there is a concentration of workers with high
education degrees into managerial and professional occupations. Moreover, the dis-
tribution of labor income across workers in those occupations is significantly different
than in other occupations. First, there are higher average and median wages across
workers in managerial and professional occupations. Second, there is a much heavier
upper tail on the distribution among workers in the managerial and professional occu-
pations. Indeed, we find that the Pareto tail of the labor income distribution is 1.73
(with a standard error of 0.06) among managers and professionals whereas among
other occupations the estimate of the Pareto tail of the labor income distribution is

3.17 (with a standard error of 0.18).
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There is a sizable literature that studies the optimal design of human capital poli-
ciesﬂ [20] in a static model and [89] in a dynamic model consider the optimal design
of educational policy when there is an intensive margin decision on human capital
accumulation in a single occupation model. They find that if the wage elasticity with
respect to unobservable ability is increasing in human capital, then it is optimal to
offer less than full deductibility of educational costs on income taxes. Moreover, if
the wage elasticity with respect to ability is decreasing on the stock of human capital
accumulated by the worker, then the optimal policy grants workers more than full
deductibility of educational costs on income taxes. Therefore, the level of comple-
mentarity of human capital and ability is key in determining whether optimal policy
fosters or precludes human capital investment.

In contrast, in our model schooling has no direct effect on wages, it acts by opening
up opportunities in occupations that workers could not otherwise access. As a result,
the key determinant of educational subsidies in our model is the degree to which
those with these new opportunities are most likely to end up at the top of the income
distribution or not. Furthermore, we show that if workers with high education are
most likely to be better off, then not only would optimal policy offers less than full
deductibility of educational costs on income taxes, but actually high education would
face positive taxation for a sufficiently redistributive government.

We also relate to a small literature that considers optimal taxation in a Roy model.
[82] study redistributive policies in a Roy model with multidimensional unobservable
ability. They focus on redistribution and the design of non-linear optimal taxation
policies across different sectors of the economy. In contrast, we focus on redistribution
and on the intertwined choice among different occupations and the educational level

of workers.

3In static models, we have [20], [24], [71], [56] and [55]. In dynamic models, we have [19], [6],
[44], [85], [61], [65], [62] and [89].
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We organize the paper as follows. Section studies the empirical relationship
among labor market outcomes, occupations and education attainment using the 2013
Survey of Consumer Finances. Section develops the theoretical model of educa-
tional and occupational choice. Then Section solves the optimal policy problem
and provides key intuitions about optimal educational policies. Finally, Section

concludes the paper.

3.2 Education, Occupations and Inequality

In this section, we study the empirical relationship of the distribution of labor market
income with educational and occupational choices. There is widespread evidence in
the literature for a positive correlation between education and income, as well as for
the importance of occupational fixed effects in understanding the variability of labor
income in the data. In contrast, we focus our attention on the shape of the income
distribution at different occupations as well as different educational levels.

We use data from the 2013 Survey of Consumer Finances in our analysis. The
original dataset is composed of 6,015 observations. The Federal Reserve Board pro-
vides replication weights as well as multiple imputation data so that inference on the
survey can be done using bootstrapping techniquesE] This data is particularly useful
for the study of labor income inequality because of the high quality information it has
on the upper tail of the income distribution as well as the richness of demographic
information available in the survey.

Since the focus of this section is the study of the distribution of labor market
income, we focus attention on households with a head that is no less than 25 years
old and no more than 60 years old. Furthermore, we consider only the income of the

head, and we restrict attention to the working population with wage incomes higher

4There are 999 replication weights available as well as 5 datasets that result from the multiple
imputation scheme used.
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than $1,000 in 2013. Those restrictions leave us with a benchmark sample of 3,028
observations which represent 50.3% of the total weight in the original sample.

There is a high level of labor income inequality in the datal’] Table provides
basic descriptive statistics for labor income of the head of household in our benchmark
sample. First, we notice from the table that the distribution is highly asymmetric,
with mean wages much higher than median wages. Second, there is a high level
of income inequality in the data, with a Gini index of 48%. Third, the tail of the
labor income distribution is very heavy, with a point estimate of the Pareto tail of 1.99
(using the estimator proposed by [52]). All of those empirical findings are qualitatively
consistent with the findings in the literature for labor income inequality[]

Table 3.1: Descriptive statistics for wage income in benchmark sample

Statistic Value s.e. Fraction of Missing Information
Mean $84,422  $1,889 ™%

Median $56,002 $909 33%

Percentile 25%  $32,465 $507 0%

Percentile 75%  $97,800  $1,639 15%

Percentile 95%  $211,631  $8,270 24%

Pareto Tail 1.99 0.07 5%

Gini Index 48.08 0.93 4%

Observations 3,028

Source: Author’s computations using 2013 Survey of Consumer Finances. Standard errors (s.e.)
computed using replicate weights provided in the original data and method proposed by [84] to
adjust for imputation. Fraction of missing information using Rubin’s formula and imputations
provided by the Federal Reserve Board. It represents an adjustment on the degrees of freedom of
the computed statistics because of imputed data. The estimate for the Pareto tail is computed using
the standard method proposed by [52] with a threshold of $100,000 for the upper tail. All statistics
computed using labor income of head of household. Sample is restricted to head of households
between 25 and 60 years old, as well as labor income of at least $1,000.

Figure displays the estimated kernel density of the distribution of labor in-
come (in levels). Figure displays the relationship between the empirical per-

centiles of the distribution of labor income, with the logarithm of labor income. For

5In this Section we use raw data on labor market income in all analyses. In Appendix we
show that our findings hold when we add a first stage to control for demographics such as age, sex

and race of the head of household.
6See [80].
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a Pareto distribution, this plot would show a straight line. Therefore, we see that
the distribution is well approximated by a Pareto distribution in between percentiles
25% and 75%. Above percentile 75%, the distribution seems to have a tail that is

even heavier than a Pareto tail (convex region).

Figure 3.1: Distribution of labor income in benchmark sample

(a) Kernel Density Estimate (b) Log-quantiles of labor income distribution
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Source: Author’s computations using 2013 Survey of Consumer Finances. All statistics computed
using labor income of head of household. Sample is restricted to head of households between 25 and
60 years old, as well as labor income of at least $1,000. For the kernel density estimate we used a

bandwidth of $10,000.

Moreover, there is considerable heterogeneity in the labor income distribution
across broad occupation categories and educational levels. Table (3.2 provides descrip-
tive statistics about the distribution of labor income within two broad occupations
and two broad educational categories. First, there is a strong effect of occupation and
of education on average labor income. Second, we find significantly heavier upper tails
for College graduates and for workers in the “Managerial /Professional” occupational
category. This last point can be seen from the significantly lower Pareto Tail param-
eter estimates for those groups of workers. Finally, in Figure [3.2] we provide kernel
density plots for the different occupations and for educational levels. We confirm in

the plots that the labor income distribution has a much heavier tail for the “Man-
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agerial /Professional” occupational category and also for workers that have a college

degree.

Table 3.2: Descriptive statistics of conditional labor income distribution

Wage Income

Category Freq. Mean s.e.  Pareto Tail s.e.
Benchmark 100%  $84,422  $1,889 1.99 0.07
Occupation

Managerial /Professional  43.3%  $121,150 $4,037 1.73 0.06

Others 56.7%  $56,436  $1,041 3.17 0.18
FEducation

College 45.6% $120,081 $3,699 1.78 0.06

No Finished College 54.4%  $54,573  $902 3.08 0.20

Source: Author’s computations using 2013 Survey of Consumer Finances. Standard errors (s.e.)
computed using replicate weights provided in the original data and method proposed by [84] to
adjust for imputation. The estimate for the Pareto tail is computed using the standard method
proposed by [52] with a threshold of $100,000 for the upper tail. All statistics computed using labor
income of head of household. Sample is restricted to head of households between 25 and 60 years
old, as well as labor income of at least $1,000.

Figure 3.2: Income Distribution by Educational Level

(a) Occupations (b) Educational Level
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Source: Author’s computations using 2013 Survey of Consumer Finances. All statistics computed
using labor income of head of household. Sample is restricted to head of households between 25 and
60 years old, as well as labor income of at least $1,000. For the kernel density estimate we used a

bandwidth of $10,000.
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Table 3.3: Educational Level by Occupational Category

Occupation Education
No Finished College s.e. College s.e.
Managerial / Professional 27.1% 0.01  72.9% 0.01
Others 75.3% 0.01 24.7% 0.01

Source: Author’s computations using 2013 Survey of Consumer Finances. All statistics computed
using labor income of head of household. Sample is restricted to head of households between 25 and
60 years old, as well as labor income of at least $1,000.

There is a much higher concentration of college graduates in the “Manage-
rial /Professional” occupation than in other occupations. In Table we see that
more about 73% of workers in the “Managerial /Professional” occupation category are
college graduates. In contrast, only around 25% of workers in other occupations are
college graduates in our benchmark sample. Therefore, not only there is an important
difference on the labor income distribution across occupations and across educational
levels, but there is also a strong selection of workers with higher education degrees

in a particular set of occupations.

3.3 Model with Occupational Choice and Educa-
tional Level Choice

In this section, we propose a normative model for the study of high education subsidy
policy and income taxation. In modeling this issue, we perceive that it is essential for
the model to be consistent with three key ingredients that are present in the empirical
evidence: first, there is high inequality in labor market outcomes; second, there is
heterogeneity in the educational level of workers; third, there is a higher concentration
of workers with high education degrees in particular occupations. Therefore, in the
analysis of optimal policy we assume a simple framework where those conditions hold:

a Roy model with a discrete choice educational decision and taxation.
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Agents have preferences over consumption and labor effort ordered by a utility
index u (¢, ¢), where ¢ denotes consumption and ¢ > 0 denotes work effort. Moreover,
we assume that the utility index u is twice continuously differentiable with u. > 0,
up < 0, Uee <0, upy < 0, ue < 0, lim o+ ue(c,f) = 400 for all £ > 0, and
limy_,o+ ug (¢, ¢) = 0 for all ¢ > 0.

Following [83], there is an occupational choice in the model. We assume there is
a set of occupations O = {a, b} in which agents can choose to work. Each individual
draws a vector 6 = (6,),.» of labor productivity across occupations from a distribu-
tion with cumulative distribution function F with an associated probability density
function denoted by f. An agent with labor productivity vector (6,,0;,) that exerts
effort ¢ in occupation a produces output of y = 6,¢.

Furthermore, there is a discrete choice educational decision in the model. Agents
can go to college for a fixed consumption cost e > 0 and learn skills that are necessary
for working in occupation b. An agent with a college degree and labor productivity
vector (6,,0,) that exerts effort £ in occupation b produces output of y = 6,¢. There-
fore, agents without a college degree can only “choose” to work in occupation a, and a

college degree opens up a new opportunity for agents to choose to work in occupation

b.

3.3.1 Laissez-faire Economy

Before we analyze the government problem in setting policy, it is very useful to
understand outcomes in a benchmark without government policy (laissez-faire). To
understand the objects of the model well, it is extremely useful to decompose the
worker’s problem into two: first the education and occupational choices; and, second,

the labor supply conditional on the occupational choice and education. Conditional
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on the choice of working on occupation a, agents solve

maxu | y g
y>0 "0,

where we used that output is given by y = 6,¢, and that agents would consume all
output they produce. Let’s denote this indirect utility by U (6,) = max,>o u (y, %) ,
and let’s denote by y* (,) the optimal choice of output of the agent. It is straight-
forward to show that both U® and y* are strictly increasing. Analogously, we define

the payoff of agents that obtain a high education degree and work in occupation b as
U’ (6,) = maxu y—e,g
y=0 Oy

As standard in models with fixed costs, the educational choice follows a simple
threshold rule. Furthermore, the decision to attend a high education program depends
on the comparative advantage of agents. Indeed, agents will choose to obtain a college
degree if and only if

U (6y) = U” (6a)

Since U" is strictly increasing, then the agent’s educational level choice will follow a

threshold rule. Next Lemma summarizes this result.

Lemma 11. In the laissez-faire economy, there is a function 0; (6,) defined by
U (6 (0a)) = U* (6a)
such that a college degree is obtained if an only if
Op > 0; (0a)

for an agent with type (0,,6)).
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3.3.2 Labor Income Taxation and Educational Level Choice

In this section we consider the effect of labor income taxation on educational level
choices of agents in our model. For simplicity, we approximate the income tax system
with only two components, a lump sum transfer 7' that is awarded to all agents and
a marginal tax rate 7 that is uniform across all labor income levels. Further, the
government subsidizes educational costs at a rate s.

We can definite analogous objects as we defined in the laissez-faire economy. For
instance, the indirect utility of agents conditional on working in occupation a is given
by

Ut (0u;7,T) = max{u <T+ (1—-71)y, (9%)}

y=>0

and for an agent that pursue a high education degree and works in occupation b, the

indirect utility is given by

Ub(eb;r,T,S)zmaX{“ <T+(1_T)y_(1_s)€’£)}

y>0 0,

Agents will decide to obtain a higher education degree if and only if
U* (0y; 7, T, 8) > U (057, T)

for an agent with labor productivities (6,,0;,). For ease of notation we define by

V (0a,0p; 7, T, s) the overall value function of the agent:
V (04,00 7,T,s) = max {U“ (O; 7,T) , U (Oy; 7, T, s)}
The optimal educational choice of the agent then follows a simple threshold strategy

as in the previous case.
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Proposition 12. There is a function 0; (0,;7,7T,s) defined by
U0y (0;7,T,8);7,T)— (1 —s)e=U"(04;7,T)
such that agents will pursue a higher education degree if and only if
Op > 0; (04;7,T, 5)

for any pair of labor productivities (0,,60y).

3.4 Optimal Policy

In this Section we provide an optimal formula for the computation of high education
subsidies. The optimal level of the subsidy depends on a few characteristics of the
economy and of the tax system. There are two major considerations on the design of
high education policies that show in the optimal subsidy formula. First, there is an
effect of high education policies on the revenue from labor income taxes and the higher
this effect, the higher the level of optimal subsidies on high education. Second, there
is a redistributive effect as workers with a high level degree are more likely to end up
at the top of the labor income distribution. This second effect go against subsidizing
high education. The optimal level of the high education subsidy will depend on how
those two effects trade-off with one another.

The government is benevolent in our model. It chooses a tax system (7,7 s) to

maximize welfare ordered by

W(TvT’S):/ / G(V<0a70b;TaT’8>)dF(0a79b)
0o J Oy
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where G measures the degree of distaste for inequality by the government. We assume

G is concave and everywhere differentiable. The government’s budget constraint is
Y (r,T,s)—T—s-e-E(1,T,5) >0

where Y (7,7, s) is the level of aggregate output from labor in this economy, and
E (1,7, s) denotes the fraction of the population with a high education degree.

As we will see in Theorem optimal education subsidies depend on several
objects related to social preferences of the government and the behavioral elasticities
of workers in this economy. Let’s first introduce each of those important objects. For
ease of notation we will omit the dependence of those objects on government policy,
however it should be clear to the reader that those objects are in general endogenous
and therefore depend on government choices. We denote by () the marginal welfare

effect of the lump-sum transfer T’

oW (1,7, s)

Q
orT

and we denote by (), the average marginal welfare effect of a transfer only from those

with a high education degree

1 o8] 00 an (eb T 8)
Qe:— G/ Ub 0, - T sy Iy 4y Qa,H do d@a
E (T’ T’ S) /0 /f: (0a;T,s) ( ( nn S)) oT f ( b) b

We denote by £X the elasticity of a variable X with respect to variable z. Furthermore,

we denote by M the total income available for consumption by workers:

M=Q1-7)Y(,T,s)+T —(1—s)eE(r,T,s)

and by R = eﬁggf)) the fraction of educational expenses out of aggregate output.
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Theorem 13. At the solution to the government’s problem we have
s 1 Q. 1 T\ &
—=—|1- (= —= - 3.1
Sl (w)daE)E e

y . s-e-E(1,T,s)
g+ 2

where

Enr

To gain intuition about optimal high education subsidy formula , it is useful
to decompose the effect of a marginal change in the subsidy rate into the three com-
ponents proposed by [86]: the welfare effect, the mechanical effect and the behavioral
effect. A marginal increase in the subsidy rate is an income transfer for those work-
ers that would pursue a high education degree even without the policy change. The
marginal social benefit of that transfer is measured by ()., the transfer is proportional
to the cost of education e, and there are a fraction of E (7,7, s) of those workers, so
that the total welfare effect on those workers is e - Q. - E (1,T,s). The effect of the
marginal policy change on the welfare of those workers that would not pursue a high
education degree is null. In fact, only those workers that are just indifferent between
attending school or not would change their choices, and since they are indifferent, a
marginal change in subsidies has a second order effect on their payoffs. Therefore the
welfare effect is given by

e Q- E(1,T,s)

The mechanical effect of a marginal increase in the subsidy rate is e - E (7,7, s) A
where A is the social cost of public resources in this economy.

There are two types of behavioral effects generated by the policy change. First,
workers change their decisions to pursue or not a high education degree. The effect

on the government budget of that change in decision is given by

S‘e.ﬁE(T,T,S))\
Os
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Second, workers might also change their labor supply decisions with the change in
the subsidy rate. This later change might happen as a result of an income effect, as
the subsidy acts as a transfer for those that would pursue a degree anyway, but it
might also arise because of occupational switching and the fact workers have generally
different labor abilities in different occupations. The revenue from income taxes

resulting of the marginal change in educational subsidies is given by

- 8Y(T,T,s)/\
0s

At the optimum, the benefits and costs of the change in the subsidy rate should

be equalized so that

e Q- E(r,T,s) =\ e~E(T,T,3)+s-e-aE(g;T’S) —T-ay(g;T’S>

We obtain from rearranging this equation and using the fact that A = Q/w.
There are four important components that determine the optimal level of educa-
tional subsidies in equation . First, the direct response of education attainment
to the policy change, which is measured by the elasticity £ . The higher this elas-
ticity, the lower is the need for a subsidy rate far from zero (or a tax rate far from
zero). Second, the optimal level of subsidies depend on the relative welfare weight
on those with a high level education degree. The term €. /€2 measures exactly this
relative welfare weight. Third, the level of optimal high level education subsidies
depends on how the cost of public funds is affected by income effects. The term w
measures exactly this effect, if preferences are such that there are no income effects,
then w = 1. As income effects become more important, the cost of public funds will
be affected by the policy change as it becomes easier or harder to raise revenue using
lump-sum taxation. Finally, the fourth component is the relative effect of behavioral
changes to the expenses of the government on high level education subsidies, and on
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the revenue of the government on labor income taxes. The term

17\ &,
E<]‘_S) SF—S

measures this relative effects and contributes to the level of the optimal subsidy on

high level education.
We now turn into the optimal level of marginal income taxes and how that level
is affected by the educational choice and subsidies on education in general. In the

next result we obtain a tax formula for the marginal labor income tax rate.

Theorem 14. At the solution to the government’s problem we have

T 1 934 s
- (1= T E
1—7 & ( Y (r,T,s) 0” * 1— TR&_T)

and QY is defined as follows
Qr = / / G (V (00, 0037, 7,9)) y (0, 057 T ) £ (6, 00) byt
o Jo

The novel aspect of this tax formula is the term

S

Ry,

1—7

Since &F _(7,5) > 0, we see that education subsidies are in general associated with
higher marginal income tax rates. On the other hand, educational taxes are associated
with lower marginal income tax rates. Furthermore, we see that the current level of
educational expenditures as a share of aggregate output play an important role as
well. Indeed, any change in educational subsidies will affect not only workers that are
just indifferent between going to college or not, but it will have an important effect

on the problem of all infra-marginal workers.
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This component arises because of the effect on the educational policy budget of
a change in income taxes, due to the behavioral effect of marginal income taxes on
educational choices of agents. As marginal income taxes rise, less agents find it in
their best interest to obtain a higher education degree, as a result, if higher education
is subsidized, the government needs less resources to fund educational policy. On the
other hand, if agents face a tax on education, then an increase in the marginal income
tax leads to less revenue for the government on such a tax due to the behavioral change

in education.

3.4.1 Extension: Non-Linear Labor Income Taxation and Ed-

ucation Subsidies

In the previous section, we provide optimal tax formulas for the subsidy on high level
education for a linear structure on labor income taxes. However, actual labor income
taxes have a non-linear structure, with different tax brackets and deductions that
make the actual tax schedule on labor income considerably non-linear.

In this section we extend our tax formula for optimal high level education subsidies
conditional on a fixed non-linear schedule of labor income taxation. We do not assume
that this schedule of labor income taxes is optimal, to the contrary, we provide the
formula for optimal education subsidies conditional on a given tax schedule.

We assume that individual workers face a labor income tax schedule denoted by

a differentiable function ¢ with ¢ (0) = 0 so that their after tax income is

y+T—1(y)
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for a labor income of y > 0. Furthermore, we assume that ¢ is such that after tax
income is strictly increasing in y. Then workers in occupation a solve

U (6,) = maxu <y+T—t(y),£)

y>0 0,

and workers in occupation b after obtaining a high level education degree solve

U’ (0; 8) = maxu (y+T—t(y)—(1—s)e,£)
y=>0 0,

Moreover, let’s denote by 3 (6,) and 3° (6,; s) the resulting labor supply functions.

In the next result we extend our tax formula for optimal education subsidies.

Theorem 15. Conditional on a fixed labor income tax function t, the optimal level
of high level education subsidies satisfies
S 1 Q. el
—=—(1-=)+ LSE
1—s gl—s A (1 - 8) Rgl—s
where T denotes the average marginal income tax rate that workers face, Y (s) is

aggregate output, and X\ is the social cost of resources to the government.

The only change as compared to optimal tax formula (3.1]) is the term that involves
the relative effect of the subsidy change on labor income tax revenue and subsidization
expenses. Now the optimal subsidy rate depends on the level of average taxes in the
economy and the elasticity of labor income tax revenue with respect to the subsidy
rate. Therefore, the tax formula we obtain is robust to a non-linear labor income tax

schedule with minor changes.
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3.5 Quantitative Example

In this section, we study the quantitative implications of our optimal educational
subsidy formula. For simplicity, we consider workers have quasi-linear preferences

and iso-elastic labor supply
I+

u(c,l) =c— T o

These preferences are particularly tractable as the second component of the optimal

educational subsidy formula simplifies and we obtain that

s 1 ] Q. T ] 1
D)) 0

Therefore, the optimal educational subsidy rate, depends on the Frish elasticity of

labor supply (1/¢), on the marginal labor income tax rate (7), on the elasticity of the
high education attainment rate with respect to the subsidy rate (£ ) and on social
preferences (</a).

In Table we compute the level of optimal subsidy rates for alternative values
of those variables and a flat marginal labor income tax rate of 25%. We see that the
optimal subsidy rate varies considerably depending on social preferences, the labor
supply elasticity and the elasticity of high level education attainment. Furthermore,
we see that a sufficiently redistributive government might find it optimal to impose
a tax on high level education. It is important to notice here that in this exercise we
take the level of the marginal labor income tax as given, and therefore we are not
considering the fully optimal policy, but the educational policy that would be optimal

conditional on a fixed level of the marginal labor income tax rate[l]

"Lump-sum taxes can be adjusted by the government in this exercise.
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Table 3.4: Optimal Educational Subsidy Rates for 7 = 0.25

Uy =1 Uy = 0.5
Qfo =05 %%/0=09 %a=05 %/0=0.9

. =-10 s=014 s=036 s=000 s=0.29
F.=-09 s=010 s=036 s=-0.06 s=028
¢ =-08 5=004 5=035 s=-014 s5=027

3.6 Conclusion

In this paper, we study the optimal design of educational policies jointly with labor
income taxes. We obtain an optimal tax formula for the design of optimal subsidies
on high education. The formula depends on measurable elasticities and on the redis-
tributive taste of the government. As in [86], this allows for a simple computation of
optimal subsidy rates given estimates of a few elasticities.

We focused on high education policy and its redistributive aspects. However, if
there are also credit constraints in the model, then there might be welfare gains in
subsidizing high level education even if those imply a transfer to those at top wages.
It would be interesting to generalize this model to embed both types of frictions and

study the optimal design of high education policies in that case.

98



Appendix A

Appendix to Chapter 1

A.1 Proofs for Section [1.2

It is useful to restate the problem in terms of utility levels:

u (0,8) = u(c(0,8)) fort=1,2

and then ¢ (0, 8) = C (u; (0, 3)) where C = u™!, and y (0,8) = Y (v(6,)) where

Y = v~!. Then the planner’s problem becomes

xS (09N 0) |01 (6,5) — o 6.5+ bus (0.5)
0,8

s.tfor all (8,5) and (¢, 5
w1 (0.5)  5v(8.6) + Bous (6.6) > w1 (6.5) — v (6'.3) + fbus (¢, 7)

5o 0.5) |V (00.8) - € 0,6) — 1 (1 0,5)] 20
0,8

Since u (-) is strictly concave and v (+) is strictly convex, then C' (-) is strictly convex

and Y () is strictly concave, which in turn tells us that the government’s problem is

99



a convex problem. This property is used in our numerical solution algorithm, but is
not very useful for the proofs below. Also define the payoff provided to individuals
by

U (0,5) = w1 6,5) = 50(0.5) + B30z 0, )

and the payoff to the government of the individual allocation by

V (6, 8) = ur (6, 8) — %v (0, 8) + dus (0, B)

We begin by proving a few Lemmas that are going to be useful in the proofs of
the main Theorems. Lemma shows that if the lowest labor earnings ability is
sufficiently low, then agents with lowest earnings ability will have all their incentive
constraint with respect to higher ability types strictly slack. Then Corollary [A.T]
builds upon the proof of Lemma [16| to show that if the highest labor earnings type is
sufficiently high as compared to all other labor earnings ability types, then incentive
constraints of all agents with labor ability in {6y,...,0y_1} are strictly slack with

respect to the allocation of types with ability 0.

Lemma 16. Assume ) (0) is weakly decreasing. Given {0y, ...,0x}, there is 6; > 0

such that if 0 < 0, < 0y, then at the solution to the government’s problem we have

1 1

Uy (91,5) - 0—11) (91a 5) + Bouy (91, 5) > Uy (9/,5/) - 0_17} (9,7 5,) + Bouy (9,7 5,)

for 0’ € {92, ce 70]\[}.

Proof. In fact, consider ¢; = 0, then for any v (61, 5) > 0 we would have V (6,, ) =
—o00. Since 7 has full support and A is weakly decreasing, then 7 (61,5) A (6;) > 0
and this cannot be optimal for the government. Therefore we have v (61, 5) = 0 at

the solution to the government’s problem.
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Now fix ¢ > 0 and 3’ € {f,...,0m}. Assume by way of contradiction that
v(#',5") = 0. Since Y’ (0) = 400, then this agent can produce enough resources
to make all agents strictly better off in the economy, a contradictionﬂ Therefore

v (0, p") > 0. We finally conclude that

w (0. 8) - Qilv (0, 8) + Bous (9, ') = —oo

so that the result holds for §; = 0. The government’s problem satisfy all conditions of
the Maximum Theorem as we change 6, therefore the solution to the government’s
problem is continuous in #; and there is §; > 0 such that for all 0 < 6; < 6, the
solution to the planner’s problem satisfy

uy (01, 8) — eilv (01, 8) + Boua (01, 8) > uq (6", 5') — 6_11@ (6", 8') + Bouz (0, ')

for all (¢, ") with 6 € {6s,...,0N}. O

Assume A (0) is weakly decreasing. Fix 6, then there exists On_1 < Oy such that
if 0 <6 <...<6yx_1 <60xn_q, then at the solution to the government’s problem we

have

uy (0',5") — %7} (0, 8') + B'6uy (0, 8') > u1 (On, ) — %U (On, B) + '0uz (BN, B)

and v (Oy,5) > v (0, 0) for all ¢ € {6,...,0n_1} and for all 5,5 € {p1,...,Bm}.

Proof. We can use again the same strategy of the proof of the previous Lemma. If

Ox_1 = 0, then the result holds as v (fy,3) > 0 at the solution to the planner’s

n fact consider a perturbation to all agents @ (6, 8) = v (6, 3) + ¢ and uy (0, 8) = u1 (0,8) + v
for € > 0 and v > 0. Since the original allocation is incentive compatible and the perturbation is
uniform across all agents, the perturbation is incentive compatible. The change in resources used
is given by dE = > 7 (0,8) [C" (u1 (0,8))v =Y’ (v (0, 3))e]. Since C’ (uy (6,8)) < oo for all (6, 5),
then for any € > 0 we have dE = —oc0 as Y/ (v (#',')) = +o00. The welfare change is given by
dW = >"7(0,8)\(0) (v —¢e) = v —e. Therefore, for v > ¢ and for v and € small enough, the
perturbation is feasible and increases welfare, a contradiction.
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problem. By continuity of the solution to the planner’s problem there exists Oy_;

that satisfy the conditions of the theorem. O]

Lemma 17. Assume X (0) is weakly decreasing. Fiz 0y and {Ps,...,Bu}, then there
exists On_1 < Oxn such that if0< by <...<0y_1 < On_1, then at the solution to the
government’s problem we have either uy (O, f1) > uy (0, 5) or us (On, B1) > us (0, )

forall @ € {04,...,0n_1} and all B € B.

Proof. From Corollary there is 0 < #%_, < Oy such that we have v (0, 31) >
v(0,8)for 0 <6, <...< Oy <0y, and all 3 € B. Notice that for %, , = 0, we
have either uy (O, 5) > uy (6, B) or us (On, 5) > uy (0, 5) for & = 0. By the Maximum
theorem, the solution to the planner’s problem is continuous. Therefore, since the
solution to the planner’s problem is continuous, there exists 83_, > fy_; > 0 such
that the inequality continues to hold at the solution to the planner’s problem for

0<81<...<QN_1§9_N_1. O

Proof of Theorem [1]

Let’s first show part 1 of Theorem From Lemma we know that there exists

@, > 0 such that 8, < 6, and so that

1

u (61, 8) — 01 (60,8) + Boua (01, 8) > wr (0.8) = 50 (01, 8) + Boua (0,3

for all 5,8 € {B1,...,Bu} and @ € {6s,...,0x}. Assume by way of contradiction

that types (61, 3) # (61, ') face a different allocation. Then consider a perturbation

(00 = 009 = 3 (%) ue (01, 9)

5 (01, 8) = (6y) = Z (Zﬂ/ (92’9%,)) v (601, 5)
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and keep all other allocations the same. Since incentive constraints are linear, they
are convex and therefore this perturbation is incentive compatible. But note that
since the allocation for (#,5) was initially different from the allocation for (6, '),
and since C'is convex and Y is concave, now we have extra resources available in the
economy. This is a contradiction as the planner can now improve its objective by
distributing those resources uniformly across agents. Therefore, we conclude agents
with type in {(61,5) |5 € {f1,...,Bm}} are bunched.

Now we turn to part 2 of Theorem [I] Assume by way of contradiction that all
agents with types in {(Oy,8) |8 € {b1,- .., Bm}} receive the same allocation denoted
by (u1 (On),us (On),v (0y)). This implies that

R3C" (uy (0y))
C'(uz (On))

for some fixed k > 0. Now consider the perturbation

ﬁl (9]\7) = Uy (HN) + 0e

ﬂg (QN) = U9 ((9]\]) — &

that keeps the planner’s objective constant. Agents with a disagreement level 3 of

discounting will face a payoff change of
dU (0w, B) = (1 = ) de

so that for ¢ > 0 this perturbation is incentive compatible. The marginal change in

resources used by such a perturbation is given by

dE = (ZW (9N76>> (k—1) }%O/ (ug (On)) e

B
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If kK < 1, then we reach a contradiction as the perturbation is incentive compatible
and generates extra resources for the government. Thus x > 1.
Now if k > 1, consider a perturbation only to the allocation offered to an agent

with type (0n, Bar) where By = 1:

1 (On, Bu) = u1 (On) — 6¢

Uy (On, Bu) = uz (On) + ¢

This perturbation keeps the planner objective constant and is incentive compatible
as agents with type f < 1 find it worsens the allocation for ¢ > 0. The change in

resources used by the planner is given by

1

dE = EC/ (ug (On)) ™ (On, Bur) (1 — K) €

Hence for ¢ > 0 we have dE < 0 as k > 1, a contradiction as the government
generates extra resource while keeping the objective constant. Therefore we conclude
that k = 1.

From Lemma |17| we have that either uy (6n) > uy (0, 8) or ug (On) > us (0, ) for
all 0 € {0y,...,0ny_1} and all g € {B1,...,5u}. We prove the Theorem in the first

case, the second case is analogous. Consider the following perturbation

iy (On, B1) = uy (On) + Bide +v

Uy (On, B1) = ug (On) — €

for e > 0 and v > 0. For (0, 3) # (O, 1) we set

i (0,8) = i (0.8) + v
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and keep all other allocations constant. It is easy to check this is incentive compatible.

The change in resources used by the government is given by

4B =7 (0, 61) (51— 1) 5C' (w2 O) e +» Y7 (6,6) €' 1y (6,5))
0,8

If we set dE = 0 we obtain

C" (uy (On)) .
2057 (0,8)C" (ui (0, 8))

v=m(0n,B1)(1—051)d

The government objective change is given by

C" (uy (On))
2057 (0,8)C" (ui(0,5))

AW =7 (Ox, 1) (1 — B1) 0 A (0y)| e

Since A (On) <1 and uy (Oy) > uy (0, 5), we then have dW > 0, a contradiction.

Proof of Theorem 2

First let’s show the results for low earnings ability. By Lemma given {6y, ...,0N},
there exists #; > 0 such that for §; < 6, incentive constraints of type (0;,/) are
strictly slack with respect to agents’ (¢, ') allocations for 8 > #;. From Theorem
, agents with type (01, 5) receive the same allocation, independent of their S-type.

Then we have
R(SC’ (u1 (91)) _
C" (ug (61))
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for some x > 0. We want to show that x < 1| Assume by way of contradiction that

x> 1. Then consider the following perturbation in 6;’s allocation

1[1 (91) = Uy (91) — e

’L~L2 ((91) = U9 (6‘1) +e

This keeps the government objective constant and for ¢ > 0 sufficiently small is
incentive compatible because incentive constraints of types 6; are slack and agents
with # <1 find it (weakly) worsens the allocation. The marginal change in resources

used with this perturbation is

dE = (ZW (01aﬂ)> [}%C/ (ug (01)) — 0C" (uy (01))| €

B

_ (ZW (01,5)> (1—r) %C/ (uz (01)) €

B

As k > 1 we have for ¢ > 0 that dE < 0, so that the perturbation keeps the govern-
ment objective constant, it is incentive compatible and it generates extra resources
to the government. This is a contradiction as those resources can then be used to
improve the government objective. Therefore we proved part 1.(b) of the theorem,
part 1.(a) is then a consequence of § < 1.

Now let’s consider the results for high earnings ability agents. First let’s show that
agent’s (O, Byr) where By = 1 face weakly negative intertemporal wedge. Assume

by way of contradiction that

R6C’ (Ul (QN, 5M))

C" (uz (O, Bur))
2Remember that C’ (1) = u’(Cl'(ﬁ))'

> 1
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Then consider the following perturbation to the allocation of (O, Bar)

1 (On, Brr) = ur (On, Bar) — O

Uy (O, Bur) = uz (On, Bur) + €

and leave all other allocations constant. This perturbation is incentive compatible
as agents with ), = 1 are indifferent between the original allocation and this one,
and agents with § < 1 like the original allocation for type (6x, 8ar) better. But this

perturbation generates extra resources at the margin as we have

4E = 7 (Ox, ) (1 _ RoC <0N,6M>>>

C" (ug (On, Bur))

and since for ¢ > 0 we have dE < 0. This is a contradiction as the extra resources
can then be used to improve the planner’s objective. Therefore we just proved 2.(a).

Notice that the proof of 2.(b) is within the proof of Theorem [}

A.2 Extension: life-cycle model with hyperbolic
preference shocks

In this section, we present a life-cycle model with stochastic earnings ability and
self-control shocks and characterize the efficient dynamic provision of commitment
in the model. We show that a trade-off between providing insurance and providing
commitment arises when agents face high income shocks but does not arise for agents
with low income shocks. As a result commitment is provided for those that face
low income shocks, but not so much for those that face high income shocks. This
is the exact counterpart of the results obtained in our two-period economy with

redistribution.
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Our assumption of hyperbolic preferences shocks, instead of stable hyperbolic
preferences, allows for a considerable level of tractability as well as changes in behavior
over the life-cycle. We effectively sidestep the intricacies studied in detail by [37]
where out of equilibrium allocations play an important role in the optimal design of
commitment devices. In addition, this setup allows for changes in the cross sectional
distribution of present bias through the life cycle. Hence it allows, for example, for
more self-control when individuals are close to the retirement age. Finally, this setup
allows for an agent to have both time consistent and time inconsistent behavior during
its life-cyclef

The economy is composed of a measure one of agents that have a life-cycle of
T > 3 periods that is composed of working life and retirementﬁ At each period
t =1,...,T, each agent face an earnings ability shock 6, € © = {6,,...,0y} with
a transition probability distribution denoted by psi1 (6441|6;) which we allow to vary
over the life-cycle and has full support at all periods over © for all §; € ©. We
assume as well that p;,; has a stochastic ordering so that higher levels of 8; imply a
distribution that first order stochastically dominates a distribution for lower levels of
0;. With an abuse of notation we denote the probability distribution over the initial
level of earnings ability ¢, by p; (6;) and assume that it has full support. The period

payoff during working life over consumption and obtained earnings is given by

1

Uw (Ctayt; et) =u (Ct) - Q_tv (yt)

where we assume v > 0, v’ < 0, v > 0, v'(0) =0, v > 0 and v (0) = 0. At each

period t =T, +1,...,T the agent is retired so that it only consumes and it’s period

3In the traditional example of present bias, the postponement of going to the gym, our setup
allows for agents that would go to the gym once in a while without a commitment device in place.
This is not allowed by stable hyperbolic preferences as in that setup agents would decide to never
go to the gym without help of a commitment device.

4Here we implicitly assume that retirement lasts for at least one period.
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payoft is given by

Ur(ct) = u(cy)

Below, for ease of notation we write Uy (¢, y¢; 6;) for the period payoff but one should
keep in mind that we refer to the two possibilities aboveE| Finally, without loss of
generality we order earnings ability shocks by 6; < ... < 6y so that 6, is the earnings
ability type of an agent that finds it extremely hard to obtain labor earnings whereas
Oy is the earnings ability type of an agent that finds it relatively easy to obtain labor
earnings.

Agents in this economy face self-control shocks during their life-cycle. At each
period t = 1,...,T — 1 each agent faces a hyperbolic self-control shock §; € B =
{1, ..., Bum} which is assumed to be independently distributed both over time and
from earnings ability shocks. Without loss of generality we order 5; < B2 < ... < Bas.
We allow the probability distribution of self-control shocks at period t,y; (5;), to vary
over the life-cycle but assume it has full support at all periods. We denote the joint
type by hy = (B, 0;) and its distribution at time ¢ by m;. We follow the usual notation
in the literature using a superscript ¢ for the history of types realized until period ¢,
so that bt = (hy,...,h) € H" and with an abuse of notation also denote by m, the
probability distribution over H*.

Types are unobservable and we rely on the revelation principle to characterize
implementable allocations. In Appendix we show that it is sufficient to consider
mechanisms in which at each period the agent report its current period type, and not
the whole history of types up to that point.This result is an implication of the as-
sumption that hyperbolic preference shocks are independent over time. An allocation

can therefore be written as a sequence of pair of functions (¢, y;) : H' — R2.

®One might as well think that at retirement §; = 0 and therefore y; = 0 and use only the first
period payoff for reference.
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The planner evaluates welfare of an allocation (c,y) according to the period 0

preference of agents in the economy

W (c,y Z(st 1Zwt ) Us (co (BY) e (BY) , he)

t=1

We therefore interpret this as the problem of an agent at period 0 obtaining the opti-
mal level of insurance over earnings ability shocks and a commitment device to deal
with self-control shocks over its life-cycle. The efficient allocation could therefore be
implemented both by the government or by competitive private insurance companies
as long as both are able to enforce the contract.

Finally there is a perfect credit market that the planner has access to at a gross

rate of return R per period. We say a contract is feasible for the planner if

é};lz (h") [er (B") —we ()] <0

that is to say that assuming a law of large numbers hold, if all agents in the economy
take this contract then the insurance provider is able to fulfill the contract without
outside resources. An allocation (c,y) is said to be implementable if it is feasible and

incentive compatible. The planner’s problem then is

max W (c,y)
C7y

s.t. (c,y) is implementable

We now characterize properties of the planner’s problem solution, i.e., characteris-
tics of efficient insurance provision and efficient commitment provision. Full-insurance
of self-control shocks in a period ¢ implies that agents with lack of self-control (8, < 1)
and agents with self control (8, = 1) are assigned the same allocation conditional on

the whole history of earnings ability shocks they reported. Therefore, it’s natural
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to interpret insurance of self-control shocks as the provision of commitment by the
planner. Next we show that full commitment is provided under some conditions in

our economy.

Theorem 18. Given Oy and {fs, ..., n}, then

1. There is 01 > 0 such that if 01 < 0, then at the solution to the planner’s problem
we have that for any fizedt =1,...,T — 1 and a fized history h'=! agents with
types in {(h*=1,(01,8)) : B € B} are all assigned the same level of consumption
and earnings in period t and are assigned the same continuation allocation for

all future periods:

¢, (ht L0y, 8 (ht 1 B/))
(ht 1 01 6))
oo (B4 (01, 8, (hesrs - hss))

s (B0 87 (hugas o hass))

Y (ht ! 017
Ci+s (h't_ly (917 6) ) (ht-l—la .. ht+s

Yt+s (h't_la (917 /8) ) (ht-l-la .- ht-‘rs

)
)
)
) =

for all 5,5 € B and for all (hyy1,. .., hiss) € Hypr X -+ X Hyyy;

2. there is Oy_1 < Oy and By > 0 such that if 6; < ... < Ov_1 < On_1
and B1 < Bi then at the solution to the planner’s problem we have that at
all periods t = 1,...,T — 1 and after all histories h'~! agents with types
{(W=,(0n,8)) : B € B} are not all assigned the same current allocation and

continuation allocations.

The planner in our economy desires to provide both insurance against earnings
ability shocks and commitment against self-control shocks. This result informs us that
it is efficient to provide perfect commitment for low earnings agents in our economy
but not for high earnings agents. To understand why we need to think about the

interaction between the self-control problem and the insurance problem. The lack of
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self-control that a share of agents in our economy faces imply a demand for flexibility
from a period t perspective. These agents with lack of self-control are willing to pay
to obtain an allocation that caters to their biased preferences at period t. Without
an insurance problem, the planner would not be willing to sell them flexibility and
would provide commitment to all agentsﬁ However, there is an insurance problem
against earnings ability shocks in our environment to which the planner is not able
to provide full insurance. Therefore, it is possible to charge high earnings agents for
flexibility and use the proceeds to improve insurance against labor earnings shocks.
This transfer of resources in exchange for flexibility is made possible because high
earnings individuals are in a relatively better position than lower earnings individuals
to pay for flexibility. Therefore, the planner is able to offer this flexibility to high
earners without losing the ability to provide commitment for the lowest earnings
agents in the economy.

Our second set of results characterize the effects of the available choices on ame-
liorating (or not) the time inconsistency problem faced by agents. Indeed, so far
the results show fundamental differences in the choice sets offered to agents but there
was no discussion of how those choices would compare to the case without self-control
shocks. In the case of hyperbolic agents, one natural measure for comparison of those
choices is the wedge to a efficient time-consistent intertemporal consumption decision.
Without self-control shocks (6 = 1), efficient insurance implies that intertemporal
choices satisfy the inverse Euler equatior[']

' (e (6"))
Z pra1 (Or41]61) SRU (ot (0%, 0i01)) 1

0i41€011

As long as this intertemporal condition is satisfied the detrimental effects of time-

inconsistency have been completely dealt with. We can define the time inconsistency

SThis is the case if 8, = 6, for all agents in the economy at all histories.
"For applications of this result for optimal taxation see [38], [89] and [40].
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wedge in our economy for an agent with history h' as

u' (c; (b
T (ht) = Z Tt41 (ht+1|ht) SR/ (Ct(+1 Eht?zt-i-l)) -1

hty1€Ht 11

On one hand, if the time inconsistency wedge is positive it means that consumption
into the future is relatively high as compared to current consumption. On the other
hand, a negative time inconsistency wedge implies that agents are consuming too
much in the current period as compared to what they consume in the future. If
agents face self-control shocks, it’s natural to assume that without the availability
of commitment devices agents would present a negative time consistency wedge and
as a result would have relatively little consumption into the future. The next result

extends Theorem [2] to this environment.
Theorem 19. Given Oy and {5, ...,Fm}, then

1. there is 0, > 0 such that if 1 < 0, then at the solution to the planner’s problem
we have that at any fized t = 1,..., T —1 and after any fized history h'~! agents
with types in {(h'1, (61, 8)) : B € B} have a weakly positive time inconsistency

wedge:

T (ht_l, (91,5)) - Z g1 (Pug]01) MRSy 141 (hesa| (61, 5)) =120

hit1€H1

where

u' (e (W1, (61,9)))

MBSy (el O 5) = S T (00, 8) . Borr Bis))

2. there is Oy_1 < On and By > 0 such that if 61 < ... < Oy_1 < Oy_1 and
By < (31, then at the solution to the planner’s problem we have for any fived

periods t = 1,...,T — 1 and after any fized history h'~' agents with types
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(a) (W=, (On, Bur)) have a weakly positive time-inconsistency wedge

(b) (R, Oy, B1)) have a negative time inconsistency wedge:

T (ht_l, ((9]\[,51)) <0

A.3 Proofs of results for dynamic model with self-
control shock

Types are unobservable and we rely on the revelation principle to characterize imple-
mentable allocations. Hence we define an allocation as a pair of functions (¢, y:) :
H'x -« x H"!' x H" — R? for each period ¢ that assigns a consumption level and
an earnings level for any reported history h' € H' at period ¢t and any past reported
history 71 = (hl,... A7) € H' x--- x H'™1. A strategy for an agent is a sequence
of reporting strategies oy : H' x --- x H'=! x H* — H'. The overall payoff after
history h?, previous reports #=1 = (r!,... r71) € H' x --- x H*"! and following a

strategy (US)ST:t from period ¢ on is given by

Vi (B 0 EL) =0 e (7o (7 1) e (o (71, 0)) .0)

T
B Y 8T m (10) Us (6 (P 07) L ds (P71 %) 6,)

s=t+1 hs»=ht

(A.1)

where with an abuse of notation ¢, (771, h%) = ¢, (o, (F*71, h%)) and g, (7571, h%) =

ys (05 (771 h%)). So the preference is hyperbolic with a present-bias of 3; at period
tFl

8We use the symbol h* = h' to denote continuation histories for s > ¢ that are consistent with
ht.
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Agents are sophisticated as they take into account their time inconsistencies into
the future. An allocation is said to be incentive compatible if truth-telling is a sub-
game perfect equilibrium of the game played between the selves at all periods and
after all histories of reports and realized types. Hence incentive compatibility requires
that after any history of reports 7=t € H! x --- x H*"! and an actually realized type
pt-1

Truth ~t—1 1t Truth\ T
o € argrr;ax‘/} (7" Jh, <0t, (0 ) ))
t

S s=t

that is to say: taking into account that future selves will consider it optimal to report
the truth, reporting the truth at period ¢ after history h' is optimal for any previous
reports 7. The revelation principle guarantees us that the outcome of any mechanism
can be obtained using the allocations defined above[)

Our assumptions of full support over types, the Markovian nature of the stochastic
process over types and the planner’s objective allow us to further simplify incentive
constraints. From the Markovian nature of the problem we have that, conditional
on 771 the preferences after any history ' € H' with h, = h; have the same
ordering as the preferences after history h’. As we will show below, the planner’s
objective function is strictly concave so we must have that at an optimal allocation

the allocations from period ¢ on of those types of agents coincide. Hence we can write

Ctts (TA’t_l, ht, ceey hs) = Ctys (ft_l, ht, Ce ,]’LS)

Yi+s (ft_l) htu ) hs) = Yt+s (ft_la ht7 LR hs)

Using this argument recursively for all periods s > ¢ we obtain

Ci+s (’f‘t_17 hta ) hs) = Ci+s (7217 s 77215—17 ht7 R hs)

Yt+s (,,215—17 hta ) hs) = Yt+s (7217 s aft—la ht7 R hs)

9Indeed this is a Bayesian game with positive probabilities at all nodes of the game.
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where we used that 7q,...,7; are optimal reports for an agent with that history of
types. Therefore it is without loss of generality that the mechanism requires only
reporting of the current period type and not of the full history of types[|

The next result is the extension of Lemma [16| for the dynamic case.

Lemma 20. Given {0,,...,0x}, there is 6, > 0 such that if 0, < 0, then at the

solution to the planner’s problem we have

Ve (B0, (8.01)) 2 Vi ((8',00) [h'1,(8,61)) > Vi ((8.0) |h'™", (81, 61))

~
truthful report deviation in 3 deviation in 0

and y; (B (B,0") >y, (71 (B,01)) for all @' > 6y, for all B’ # B, for all h*=! and
for all t.

Proof. In fact, if 6; = 0, then y; (h'™1,(8,60;)) = 0 for all 3 € B and all h*~!. For any
0" > 0, then y; (W', (3,6')) > 0, therefore

Vi ((8,0) [h,(8,61)) = —o0

and this proves the strict inequality. The first inequality is a requirement from in-
centive compatibility. From continuity of the solution to the planner’s problem, it
follows that for fixed {0s,0s,...,0N}, there is 6, such that for all §; < 0; we have at

the solution to the planner’s problem

Vi ('1,(8,600) = Ve ((8,60) [h'1,(8,61)) > Ve (8, 0') |h', (B, 61))

and we proved the result. O

10This characterization implies that only equilibrium path allocations are important for incentive
compatibility (see [35] and [60]). This argument can break down in problems with perfect correlated
types. One example is in [I5]. The full support in §; types is particularly important in the current
analysis for this alternative characterization to be valid. If there is no full support in 3; it is possible
to design a mechanism in which off equilibrium path allocations relax incentive constraint on the
equilibrium path and therefore this simplified characterization does not hold.
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Fix 6y, then there exists Oy_; < Oy such that if 0 < 6; < ... < Oy_1 < On_1,

then at the solution to the government’s problem we have

Vi (W1 (8,6") > Vi ((B,6n) K1, (8,6)

and v; (P71 (B,0n)) > v (W71, (8,6)) for all A1 | for all ¢ € {6,...,0n_1} and
for all 675/ € {517"‘7/BM}'

Proof. We can use again the same strategy of the proof of the previous Lemma. If
On_1 = 0, then the result holds as v; (h*™1, (8,6y)) > 0 at the solution to the planner’s
problem. By continuity of the solution to the planner’s problem there exists fy_; that

satisfy the conditions of the theorem. m

Lemma 21. Fiz Oy and {fBs,..., B}, then there exists On_1 < Ox and By such
that if 0 < 6, < ... < Oy_1 < On_1 and By < [, then at the solution to the
government’s problem we have uy (W', (B1,0n)) > uy (W', (8,0)) for all K'~1, for all

0€{by,....,0n 1}, forall B € {B,...,Bn} and for allt =1,...,T — 1.

Proof. From Corollary we have that v, (R*"1, (B1,0n)) > v (R, (5,0)). Note
that if 8; ~ 0, incentive compatibility requires u; (h'™1, (B1,0n)) > us (B2 (5,0)).
By the Maximum theorem, the solution to the planner’s problem is continuous. There-
fore there exists 31 > 0 such that this inequality continues to be strict for all £, < ;.

Since T < oo we can pick a uniform level of 3, > 0. O]

(Theorempart 1) Given {6, ...,0x}, thereis §; > 0 such that if §; < ) then
at the solution to the planner’s problem we have that at all periodst=1,...,7T — 1
and after all histories h'™! agents with types in {(61,03) : 8 € B;} are all assigned
the same level of consumption and earnings in period t and are assigned the same

continuation allocation for all future periods.
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Proof. Consider the problem in terms of utility levels from consumption and disutility
levels from workingﬂ Assume by way of contradiction that for a fixed t < T and

fixed history ™! € H'™! and for 3, 8’ € B, we have

ug (R71,(8,61)) > w (R, (8, 61))

at the solution to the planner’s problem. Consider now an allocation that is a convex
combination between between (h'™!, (3*,60,)) allocations for all 5* € B and offer it to

all types with low ability 6; after history h!~!:

o 3 ((b,6,) |h™! . .
e 1150, HED) = 3 e By (700,21
beB V'€

e (b, 61) |RY)
beB Y wep ™ (0, 00)|h71)

o (W5 (57, 1) i) = o (W0, (0,61, hiTS)
for all B* € B, where hiﬁ = (ht41,- .., hiys) We have from Lemma (20) that there

exists 0; such that for 0; < 0,

Ve (h'1,(8,60) = Ve (b0, 01) [W'1, (8, 61)) > Vi (8", 0) [h'~, (B,61))

for all # > 6, for all 8”. Therefore, incentive compatibility constraints at nodes
(h'=1, (b, 0,)) are satisfied for all b € B. From linearity of the objective function, it
follows as well that incentive compatibility of types (h™1, (b,0)) are satisfied for all
6 > 0, and all b € B. Therefore this perturbation is incentive compatible at period t.
Further, notice that the perturbation is such that from the planner’s point of view,

continuation utility at h*~! is unchanged. Therefore welfare is unchanged and from

"That is to say, consider the standard transformation

u (e (h)) = ue (1)
v (e (h)) = e (1)

and let C (u) and Y (v) denote the inverses of u and v, respectively.
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hyperbolic preferences, all incentive constraints for period s < t — 1 are satisfied.
For histories h® = h'~! for s > t, note once again that the convex combination
does not affect incentives because the objective is linear. However, we then reach a
contradiction since C'(u) = u~! (u) is a convex function, then the total cost of the
new allocation is strictly lower as u; (W', (83,61)) > u, (R*"1,(5,60;)) and m; has full

support (so these types have positive mass). ]

(Theorem part 2) Given Oy and {f,..., B}, there is Oy_; < Oy and
By > 0 such that if §; < ... < Oy_1 < Oy_1 and B; < B then at the solution to the
planner’s problem we have that at all periods t = 1,...,7T — 1 and after all histories

h'=! agents with types (0y,3) are not bunched all at the same allocation.

Proof. Assume by way of contradiction that for some h*~! we have that (h'=, (3, 0x))

for all B; € B; face the same allocation. Then

C" (w1 (B, (B, On) , (Bis1, 0141)))
R, C (ug (B2, (B, On)))

Et |0N =K

for some constant £ > 0. I'm going to show this cannot be optimal. Recalling that

Bar = 1, consider the following perturbation for the allocation of type (5, 0n):

ay (W (Bar, On)) = ug (R, (Bar,On)) — €

(] (ht_l, (B On) 5 (Bes1, 9t+1)) = Utt1 (ht_17 (Bar, On) 5 (Bes1, 9t+1)) + %5

for € > 0. The welfare of type (h'™1, (Bar, On)) is kept constant by such a change. Fur-
ther, types ('™, (8;,0n)) for 8; < 1 dislike the perturbation, so it is incentive com-

patible. The marginal change in the amount of resources used by type (h*™1, (Bar, On))
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18

dE = =C" (u; (W7, (Bu,0n))) €

}%Et [C" (wgr (R, (Bars On)  (Bis1, 0111)) ) 10 ]

= (k= 1)C" (w, (W', (Bur,O))) €

1

+ 5

At the solution to the planner’s problem it must be the case dE > 0. Therefore we
conclude k > 1. Now assume by way of contradiction that x > 1. Since ; < 1 for all

B; € By, then consider the following perturbation to all types (h'™!, (B;, 0n)):

i (B, (B, 0n)) = w (B, (B On)) + €

G (B0 (B On) s (B, Or1)) = wegn (B, (B, O) , (Besr, Or)) — %5

Type (h'™1, (Bar, 0x)) is indifferent between the original allocation and the perturbed
one, types (h=1, (8, 0n)) with 8; < 1 strictly prefer the perturbed allocation for & > 0.
Since no incentive constraint from types {61,60s,...,60,_1} are binding upwards, then
the perturbation is incentive compatible for ¢ > 0 small enough. The change in

resources used by each type of agent is
dE = (1 — Ii) C/ (Ut (htil, (ﬁt, 9]\/’))) g

and we reach a contradiction since k > 1. Therefore we conclude x = 1 and if agents
are bunched at 0y, then the inverse Euler equation holds.
Now we need to show this implies a contradiction. By Lemma [I7] since

agent’s with the high earnings shock are bunched, we have u; (h*™1, (8, 0n)) >

120



ug (W', (B, 6;)) for all j < N. Then consider the following perturbation

Uy (hhl? (ﬁl,eN)) = U (ht717 (5179]\7)) te—v

dpsr (B (B O) 5 (Bran, 1)) = e (B (B On) 5 (Be, 014)) — %6

From the point of view of 3, the payoff change is

Wiy (1-2)e

Since 1 < (3, then we can choose € > 0 and v > 0 such that (1 — %) € = v. In this
case agent (h'™1 (B;,0y)) is made indifferent with the perturbation and the original
allocation. Further, agents with type 8 > [; dislike the perturbation. Therefore,
since other incentive constraints with respect to type (h'™!, (31,0x)) are slack, the

perturbation is incentive compatible. However, in terms of resources we have

dE = C" (uy (W1, (B1,0n))) (g — )
1

- EEt [C" (wgr (R, (Bar On)  (Beg1, 0141)) ) |0 ]

— 7 (u (R, (B, ) {(1 _ é) - y]

= ¢ a0 o) (2 )

Lg
0/

Since By < 1, then for ¢ > 0 and v > 0 we have dE < 0 so that the planner
saves resources. Those resources can be uniformly distributed across all types in the
economy. Since u (W', (B, 0n)) > w (W71, (B, 0;)) for all j < N. There exists
€ > 0 small enough such that welfare improves with this redistribution and we reach

a contradiction. O
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Proof of Theorem [19

We first show result 1 in Theorem . Fix a period ¢ and a history A*~!. From
Theorem [18] we have that there exists #; > 0 such that all agents with a history in
{(h*=1,(B,60,)) : B € B} are bunched at the same continuation allocation. In partic-
ular they all face the same inverse Euler equation distortion which we denote by
C" (uer (W71, (8,61) , (Brsa, 0141)))
— 9 0 Y Y ) Y 9
K Z Vet (Be+1) pear (Or41(601) SR,C" (ug (W1, (B,61))) |0

(Bt41,0t+1)€BxO

for all § € B and for a constant x > 0. We want to show that x > 1. Assume by way

of contradiction that x > 1. Then consider the following perturbation

i (1 (8,600) = ue (W1, (8,61)) — o¢

U1 (R (8,61), (Bra1, O41)) = wern (B (8,01) , (Bisa, 0p1)) + €

for all (B;11,0:4+1) € B x ©. This perturbation keeps welfare constant and therefore
does not affect incentive compatibility at period s < ¢ (hyperbolic preferences). From
Lemma [20] there exists 6; such that for ; < 6; we have that agents with histories in
{(h*=1,(B,60,)) : B € B} incentives are strictly slack with respect to any other agent
in the economy not in this group. Since for € > 0 agents with # < 1 find this pertur-
bation to weakly decrease the payoff of this allocation, we conclude the perturbation

is incentive compatible. The marginal change in usage of resources is given by
dE = (k — 1) 6C" (ue (", (B,61))) €

For ¢ > 0 and k < 1 we then get dFF < 0, a contradiction as the planner can
economize resources while keeping welfare constant. Hence we proved the first part

of the theorem.
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For part 2(a) of the Theorem, let

C" (w1 (B, (B, ON) 5 (Bre, 0r41)))
ORC (uy (R=1, (Bar, On)))

Rg = Z Ve+1 (5t+1) Pt+1 (6t+1|6N)

(Bt41,0t+1)EBXO

and assume by way of contradiction that kg < 1. Consider the perturbation

at (ht_17 (ﬁMa QN)) = Uy (ht_la (/BM7 QN)) - 55

(P (ht_l, (BM, 9N) ) (5t+1, 9t+1)) = U1 (ht_ly (ﬁM, 9N) ) (5t+1a 9t+1)) +e

for all (Bi11,0:41) € B x ©. Since By = 1, this is clearly incentive compatible for

€ > 0. The marginal change in the usage of resource is given by
dE = (kg — 1) 6C" (ue (K, (Bm,On))) €

therefore if Ky < 1 we have that dF < 0 for € > 0. From full support on the distribu-
tion of types, the planner can generate strictly positive resources with this incentive
compatible perturbation, while keeping welfare constant. This is a contradiction as
the extra resources can be used to strictly improve welfare. Thus we proved part 2(a)
of the Theorem.

For part 2(b), notice that from Lemma[21]and from Theorem L8 we have that there
exists Oy_1 < Oy and B; > Osuch that for 6y < ... < Oy_1 <On_1and 0 < 54 < B we
have that agents with histories {(h'™!, (3,6)) : 8 € Band < Oy} strictly prefer their
own allocation to the allocation of any agent with a history {(h'!, (8,0x)) : B € B}.
Further we have u, (h'™!, (81,60xn))) > w; (R, (8, 0))) for all @ < Oy and all 5 € B.

Denote

C (w1 (W71, (B1,0n) , (Bes1, 0141)))
SRC" (uy (h=1, (Br, On)))

quq = Ye+1 (5t+1) Pi+1 (9t+1|9N)
(Bt+1,0¢+1)€B*XO
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and assume by way of contradiction that 1 > 1. Consider the following perturbation

Uy (h‘t717 (517 eN)) = Ut (htila (51; HN)) + ﬁ15€ +v
g1 (B, (B1,0n) 5 (Bisr, Or41)) = wer (B, (B, 0n) , (Brar, O101)) — €

i, (W1, (8,0)) =i (K, (8,0)) +v

for all (8;41,0,11) € Bx© and all (,60) # (p1,0n). For e > 0 and v > 0, this pertur-
bation is incentive compatible since agents with § > (; find it (weakly) unattractive.

In order to keep welfare unchanged with this perturbation we need
dW =7 (B1,0n|h" ") (B1 — 1) de+v =0

so that v = 7 (81, 0x|h'™1) (1 — ;) de. The marginal change in resource usage of this

perturbation is given by

dE = (B1,0n|h™1) O (us (K1, (B1,0n))) 0 (81 — k) €
—i—uz (8,01h1) C (u; (W, (8,0)))

A (-1 B — Ky -1y O (u (R, (8,0)))
=40 [( 15 )*%”W'h ) O T (B |

where A (R = 7 (By,0n|01) 6C" (us (W1, (B1,0n))) (1 —B1) > 0 Since we
have u; (W1, (B1,0n)) > u (R1(B,0)) for 6 < Oy and uy ('™, (B1,0n)) >
ug (W1, (B, 0x)) for all 8, then we have

iy O (u (P71 (8,9)))
%”(ﬁﬁyh ) C" (wg (BT, (Br, O))) <1
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and since 3; < 1 < kk we conclude that dE < 0 for € > 0, a contradiction. Hence

we proved 2(b).

A.4 Proofs for Section [1.5

In this Appendix we provide a proof for Theorem [} For the first part of the Theorem
the proof is analogous to the proof of Theorem (1] and relies only on the convexity of
the set of incentive constraints when we rewrite the problem in terms of utility levels
and the wedge level. For the second part of the Theorem, note that for 8, < ... <
On_1 < Oy we have v (Oy,a) > v (). Therefore by incentive compatibility it must
be the case that

u(Oy,a) + ac (O, ) > u(bh) + ac (1)

In particular, for @« = 0 we have u (Oy, ) > u (6,a) for all (0,a’). Assume by way
of contradiction that u (6, ) = u (On), v (On,a) = v (0y) and a (On, ) = a (fy) at
the solution to the planner’s problem. Then we have u (0y) > u(01). Let qpor =

max A > 0. If ¥/ (a (0x)) > p, then consider the following change to the allocation for

a(On, maz) = @ (On) + v
U (QN, amaa;) =Uu (QN) — QmazV + 1)

a(0,0) =a(0,a) +1

for all (A, ) # (0N, Qmas) - For v > 0 this perturbation is incentive compatible since
for @ < @ the change in the deviation payoff into the allocation of (0, Amaz)

is (@ — apmae) v < 0 and the original allocation is incentive compatible. Now the
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marginal change in resources used is given by

I = 7 O, | ot (000) = (S ey~ 5ty

+n Y m(0,0)C (u(b,q))

If apper = 0, then we already get a contradiction since for v > 0 we can set n > 0
small enough such that welfare increases. For a,,., > 0, the marginal change in the

government’s objective is given by
AW = —7 (0N, Qmaz) A (ON) QunaeV + 1

If we set 1 = 7 (On, Qmaz) A (ON) Qmazv so that dVW = 0, then the marginal change in

resources used is given by

iE C' (u (6, )
F_,,{Mem;;ﬂmm_l}

B v (b' (e (e () p )
UmaaC" (u(On)) \&' (7 (e (On))) €' (71 (e (O)))
where B = 7 (0y, Qmaz) QmazC’ (u (0x)) > 0Since A (fy) and since C' (+) is convex and
u(fn) > u(f,q), then dE < 0 for v > 0, a contradiction. Therefore we must have
b (a(Oy)) < p. Again we can make an analogous perturbation for a,,;, = min A < 0.
Hence we conclude V' (a (Ox)) = p. If pas > 0, note that the exact same perturbation
above also implies dE < 0 since u (6y) > u (0, «) for 6 < Oy, a contradiction. The
case for a,,;, < 0 is analogous. Finally we exhausted all possible cases and reach

a contradiction to our initial assumption that all agents in {(Oy, ) : @ € A} receive

the same allocation.
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A.5 Life-cycle calibration with hyperbolic prefer-
ences

In this appendix we build a incomplete markets life-cycle model with hyperbolic
discounting. This model allows us to calibrate for 8’s and ¢ separately. We compare
the heterogeneity generated by this calibration and the benchmark calibration and
find it to be very similar so that in terms of savings distortions the two calibrations
yield very similar results.

Households start their lives at age 25 and have a working life of up to age 65. At
age 65 households retire and live up to age 99 at most. At each period there is a
probability s; of survival until the next period (from 2010 U.S. Life Tables). At each

period, households receive endowment shocks e, that follows

Ine; i1 = ¢+ plne s + vip

where ¢,y is the life-cycle component and v; ;41 ~ N (0,0%). We estimate ¢y41, p
and ¢? from the PSID from 1999-2009. We find p = 0.829 and ¢ = 0.42["7]
Each period workers can save a; > 0 resources into the next period at a gross rate

of interest R. Finally workers pay taxes on labor and asset income according to

T (g, Ra—1) = (to+ye — tiyy ?) + taRay_1

12In particular, in order to estimate ¢;, 1 as the set of age dummies in a regression of reported labor
income on fixed household effects and a set of controls for the business cycle (polinomial on state
level unemployment rates) and for demographics (family size, marital status, number of children).
Then as a measure of e; we use fixed effects plus residuals from this regression. Then we estimate
an AR(1) with this measure to obtain p and o estimates.

127



We assume linearity on asset income taxes to make the dynamic model more tractable.
Using the Cross National equivalent PSID files from 1999-2009 and using non-linear
least squares, we find tq = 2488, t; = 1.67, t, = 0.07 and t, = 0.28.@

After age 65, individuals receive no labor income, only asset income and social
security benefits b (ygs). We follow [43] and [67] in assuming that retirement benefits
depend only on labor income only in the last period. For b(-) we use the current
schedule on social security old-age benefits. Finally for tax purposes only 55% of
social security benefits are included into taxable income so we take that into account.

Agent’s have hyperbolic preferences (with a constant § present-bias over time)

and therefore choices during working life are solutions to

U (w1, 5¢) = maxu (¢;) + BOE; [Vira (ary1, Yrv) [V
S.b.ct + Ay = T4

a1 >0

_1
where u (¢) = Cll_z and
v

Vi (ag, s¢0) = w (e (a, ye (50) 5 5¢)) + OBy [Viga (aegr (as, e (50) 5 5¢)  S41)]

T = Repiaep + Yy (3t+1) =T (yt+1 (3t+1) ) Rt+1@t+1)

13 All variables in 2010 dollars, scaled by family size as
size =1 + 0.7 x other adults + 0.5 % children

used in Attanazio and Pistaferri (2014). We consider overall household income for households a
head within 25-65 years old, that worked more than 260 hours in the year and that made at least
$4000 in labor income. We exclude households with negative asset income and household in the
highest percentile of asset income. Finally, we exclude the lowest and highest percentile on TAXSIM
estimated taxes paid.
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We then obtain the following Euler equation:

u (¢ (2}, 5))) = (1 — 70) ROE, [W' (cfyy ()41, s111)) Isi]
— (1= 1) RO (1= B) By [MPCyy (w1, si01) ' (€ (a1 5141)) 5]
where

Iy iy (xt+17 5t+1)
i
Oty

MPCZH (Te1, 8041) =

Finally we assume § ~ Beta (a,b) in the population so that we allow both for present
bias and future bias.

We match exactly the same percentiles of the distribution of private wealth at
retirement to lifetime earnings ratio. In Table we see the model matches ex-
actly the three statistics from the data. Finally in the table we report statistics on
the distribution of 5 we find as well as on the distribution of lifetime average time

inconsistency wedge:

3=1—(1-7) MPCZH (Tt11,Se41)

This second measure gives us a better sense of how distorted savings decisions are
each year on average. Notice that those distortions are relatively small in a yearly
basis, but when compounded over the life-cycle a distortion of 753 = 0.96 implies
individuals care very little about retirement when young in life as compared with

individuals with 73 = 1.0.
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Table A.1: Life-Cycle Calibration Results

Statistic

Data  Value
5 0.9856
avg B 0.80
std B 0.62
avg 0.96
std b 0.058
corr (b, LT Labor Earnings) —0.01
W/Y percentile 25% 0.043  0.043

W/Y percentile 50%

0.0906 0.0906
W/Y percentile 75%

0.1768 0.1768
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Appendix B

Appendix to Chapter 2

B.1 Proofs

B.1.1 Proof of Theorem

We can re-write the problem in terms of utility levels and eliminate for consumption.

Then in the relaxed problem, the planner chooses functions U and y to solve

o [ [ | a0 10w de] (v dp

Uy 9]
st U(0,p) :U(Q,p)+/;y(g’p>v' (y <9p>) d v (6,p) € [6,0] x
/;U(Q,p) 01p') d +/p < (?p)d@) dp ,¥p' € [p, p]

[\ ren-ven o (2G2)] s oa ] (v)dp =R

The Lagrangian to this problem can be written as Let p (6, p), v (p) and A be the

Lagrange multipliers on each of the respective constraints. Then we can write the
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Lagrangian as

c:/pp [/6 a<e>U<e,p>f<e|p>de] h (p) dp

/9 w(0.p)[U (0.p) — U (8, )]  (01p) de] () dp

B /p/éluw’p) /9 Yy (?71)) o (y (07]7)) déf (9|p) doh (p) dp

p /o L 0

+/ﬁv<p>/9 U (6.5) f (8lp) d6 — V' (p) h (p) dp

I L L Y T AP
"o [ (/QUw,p) 5 de)dph@)dp

e[| [yw,p)—vw,p)—v(“Z’m)}f<9|p>d9]h(p)dp]

Define I (p) = f§7 (p) h (p) dp, then notice that by a change of variables we get

o [T 1 O)
/pv(p)//eU(@p) 2L doah (p) dy

/ / 3f 9lp)d9d

Define M (0, p) fe ( ) <0~|p> df, the using a similar change of variables we

/ep/ ( >>d9f(9p)
[ (252)0

+ A

have

Cbz

™

Further we have

/p’Y (p) V (p) dph (p)dp =T (p>/g U (0,p) f (0]p) do

b (4
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Therefore the Lagrangian can be re-written as Therefore the Lagrangian can be rewrit-

ten as

0
/9 o (B)U (6.p) f (6lp) 1 (p) cw] dp
D 6
T /9 1 (0,9)U (0,0) £ (0lp) h (p) de] dp— M (6, p) U (6, p)
D r 0
B /9 M(@)p)y(gép)v, (y(%p)) h(p) d@] i

[ /9 2 (9) U (0.0) £ (0lp) h (0) cw] dp

—T (D)/e U(0,p) f (0lp)do

f of (0]p)
/Qf(p)U(Q,p) o d9) dp
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The first order conditions to this problem give us

[U0,p), p>p, 0>0]:a(0)+pu(@p)+~(p) -

[U(0,p)] : M (0,p) =0
[y (0,p)] = A (1 — %v (

[U(0,p), 6>0]: —T'(p)f(flp)=0
6, 0, )
[ch];U(@,p):U(g,p)+/;y<~ p)U, (y(f’)) df

/6 v (0.0) — U (6,p)] £ (6lp) cw] h (p) dp

D
[Feasibility] : R +/
b /v

_/p” /:U (y”@’p)) f(9|p)d9] h(p)dp =0

[}
1Cy] /9 U (6.p) f (0]p) do

- /9 U (6.p)  (0lp) d6

v(r? O (0]p) ,
+/E (/QU(G,p)a—pcw)dp

So that

p(0,p)=XA—a(@) —~(p)+

M) = [ .01 @) i
- Ba@) -Gl @R

f@p) . . ,
/ Mp ap £ (#\p) d6
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Since M (#,p) = 0 and fg %;'p)dﬁ’ = 0 we conclude

w@w:é[x—awﬂfwmde

From the definition of I' we then get

// —a(0)] f (0]p) doh (p) dp
// £ (0lp) doh (p) dp

and

hence A = 1. Therefore

)
Mwwzu—mmméawwmmw

~-r @) [ a0 L

+(Lﬁg>>/éﬁﬂmw

() [ fy s (L Yo [0

Define the labor wedge by

o (@) —1-7(0,p)

Then from the first order conditions we have

AMM»F‘#@m+1‘””” 1)}=#@Mfwm

0 0 e(0,p
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Where ¢ (6, p) is the labor supply elasticity. Thus

™(,p)  M(0,p) 1
1—74(0,p)  0f (0lp) (1 " 6(9729))

and we obtain the formula in Theorem [T

B.1.2 Proof of Theorem

In this case the planner’s problem is given by

s.t. U (0,p) = U(Q,p)%—/ey(?,p)v’ (y <09p)) df v (9,p) € [6,0] x [p,p]

0
/9 (U (0, pu) — U (0,pL)] f (Olpsr)do >0

/9 U (6, p2) — U (6, par)] £ (6lp1) d6 > 0

Zh@)/e

p

00~ o (PG| oo~
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Analogously to the proof of Theorem [7, we can write the Lagrangian as

£=Zh<p>/9 a(O)U (6,p) f (0lp) db
+Zh<p>/9 1 (6,p) U (8.p) f (61p) d6 — M (6,p) U (8. p)
_Zh(p)/e M(va)y(g;p)v, (y(%p))de

£ IG) [ 1060~V O] )9

+)\{R+;h(p)/: (yw,p)—U(e,p)—v(y(%p)))ﬂmp)de}

The first order conditions then are given by

[U(0,p),0 >0]: a(0) + p(0,p) +(p) — ()

[U(8.p)]: M (8,p) =0

ly (0,p)] : — M (6, p) { (y ) o (y(%p)ﬂ
+A[1 e <<%p))] Olp) =

Integrating the first equation with respect to 6 and using the cdf f (0|p), we obtain

’ o @) f ) _
/0 {a<9)+u(9,p)+7(p) 7 (p') o) f(9!p)} f(0lp) do = A
Since M (0, p) = 0, we obtain
(4 /
[ @) 7@ a8+ ) =2 () 0 =
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So ;
A= h) [ a(0)f 6lp)as =1

Since f (8|py) FOSD f (0|pr) and o' (-) < 0. Then

] ]
/9 o (6) f (Blpy) db > / o (6) f (Blps) d6

Since A = 1, we must have

)0y >0 700
Hence
O R

Hence v (py) > 0.

Note further that

and
M (0,p) =1—F(0lp) - /:oz (e) f (é|p) dé
= F o) o -0 (T ) (5
Thus
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Hence

2= () e - [0+ )
(1)
(0 2) a0 (=) (hion)
() e %(w}
~(42) Sy 00
(12) S o () (i)

Now assume that
. 1—F(0pL)
| — 1 =1
920 (1 ~F (8lpn)

and also

i (57 ) ~ (o7 )

that both distributions have a similar upper tail. Then finally we obtain
(7 (0.pm) 1) 1 /5
1 — | =(1+-) - 0)f (0 do
i (i) = (0 2) o fy o0 5o
: T (97pL) 1 1 /0
1 — =14 - 0)f (0 do
i (i) = (172) 5 fy 0o

B.1.3 Proof of Theorem

Proof. In this case we have

— I (0]py) o< 0~7"
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and

1— F(O|lpy) ox 0~ rF

at the upper tails. Then

1 1 - F (0|pL) 1 PH—PL —
P T () a0 =0
11— F(blpn)
1 =
e 1 — F (Olpr) oo

Since 7 (py) > 0, we obtain

lim M:<1+ ! )i[l—V(pH)]

0—+oo 1 — 7 (0, pu) e*(pu)/) pu
1. T (97pL)
im ————

6—+o0 1 — 7 (0,prL) -

We conclude that

lim 7(6,py)=1> ehm 7(0,pm)

0——+o00 — 400
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Appendix C

Appendix to Chapter 3

C.1 Empirical Analysis with Demographic Controls

In the analysis of Section we used raw data on labor income to gather information
on inequality in labor income across occupations and educational levels. In this
Section of the Appendix, we show that results are basically unchanged when we add
a first stage in which we control for some observable characteristics. In particular, our
estimates of the Pareto tails all remain significantly different across the two categories
of occupations and the two different educational levels.

In Table we see that all Pareto tails parameters estimated are slightly higher
than in the raw data. However, coefficients are still statistically different across oc-
cupation categories and educational levels, pointing to important differences at the
upper tail of the labor income distribution across different occupations and educa-
tional levels. In Table we report the results on the first stage regression of log

labor income of the head of household on standard demographic characteristics.

C.2 Proofs

The planner’s objective is given by
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Table C.1: Descriptive statistics of conditional labor income distribution (with de-
mographic controls

Category Pareto Tail s.e.
Benchmark 2.26 0.07
Occupation

Managerial / Professional 2.01 0.07

Others 3.25 0.19
Education

College 2.02 0.07

No Finished College 3.33 0.15

Source: Author’s computations using 2013 Survey of Consumer Finances. Standard errors (s.e.)
computed using replicate weights provided in the original data and method proposed by [84] to
adjust for imputation. The estimate for the Pareto tail is computed using the standard method
proposed by [52] with a threshold of $100,000 for the upper tail. All statistics computed using labor
income of head of household. Sample is restricted to head of households between 25 and 60 years
old, as well as labor income of at least $1,000.

Table C.2: Liner Regression of Log-Wages on Demographics

log(Wage) Coefficient — s.e.

(Intercept) 6.01 1.07

age 0.31 0.08

age? -0.01 0.00

age® 0.00 0.00
African-American -0.38 0.04
Hispanic -0.54 0.03

Other race (not white) 0.07 0.07
Sex -0.67 0.03

Source: Author’s computations using 2013 Survey of Consumer Finances. Standard errors (s.e.)
computed using replicate weights provided in the original data and method proposed by [84] to
adjust for imputation. All statistics computed using labor income of head of household. Sample is
restricted to head of households between 25 and 60 years old, as well as labor income of at least
$1,000.

W(r,T,s) = /OOOG(U“ (0o; 7. 7)) F (0 (0057, T, 5) |0a) [ (6a) da

+ / / G (U 047, T, 5)) f (6, 65) dByd6,
0 9;(9a;T,T,s)
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Therefore

00; (0; 1,1, s)
0s

+e / G (U" (0y;7,T, 5)) ul (0p) f (6, 0p) dOydb,
0 0 (0a;7,T,s)

= [ G 0unT) ] 00 (0. o) d,
0

o,

; as 7T7
_ / G (U (0; (6057, 8):7,T,5)) f (0a, 65 (Ba; 7. T, 5)) & (9837 .
0

where

b .
£ 00 = e (T4 0= i ) = (1= ), LEEL)
b

is the marginal utility from consumption for an agent in occupation b.

By definition of ; (6,; 7,7, s) we have
U (0p;7,T) = U (0; (0a;7,5);7,T, 5)

Therefore, the marginal welfare change from the subsidy is simplified to

W(r.Ts) _, / / G (U" (0; 7, T, 5)) ub () f (6a, 0,) dByd0,
0s 0 ¥ (0a;7,T)s)

On the other hand, the budget constraint is given byBut this is desirable by a redis-
tributive

Y (1, T,s)—T—s-e-E(r,T,s) =0

where

Y(Tv T7S> :/ yb (‘gb;7—7 Ta 3) dF (Qaveb)
0p>0; (0a;7,T,s)

+ / ya (ea; T, T) dF (Qav eb)
0p<0; (6a;7,T,s)
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and E(1,T,s) = [, febzeg(aa;r,T,s) dF (04,6)).

The first order condition to the planner’s problem on s can then be written as

ow (r,T,s) OF (1,T,s) oY*(r,T,s)
T—)\ {(E(T,T,s)—}—s P e—T P (C.1)

The derivative of W with respect to the lump-sum transfer is

T o0
% = / G (U (0;7,T))ul (0,) F (05 (0u;7,T,5)6.) f(60,) db,
0
+ / / G/ (Ub (9(,; T, T, S)) UJIC) (95) f (Ga, 0(,) d@bdﬁa
0 0y (0a;7,T,s)
Let’s denote this quantity by (7, T, s), the marginal welfare from a uniform increase
in consumption. Then FOC with respect to T is given by

B oY (1,7, s) OE (1,71, s)
Q(T,T,s)—)\(l—Ta—T—i-S-e 5T

C.2.1 Proof of Theorem (|13))

Therefore from ((C.1)) we obtain

Q(r,T,s)
eQe (1,71, 5) = - — E(1,T,s)e
1— T@Y é;T7S) +s-e- BE(a‘f'%T,s)
Q(r,T,s) OE (1,71, s)
+ oY *(1,T,s) OE(7,T,s) s €
l—r=—7FF"=+s e —5 ds
Q(7,T,s) Y (1,7, s)
- Y ( OE(r,Tos) - s

7,T,s)
1-— T—p — tSs-¢€ 5
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Therefore at the optimum

Qe(7,T,5)
s 1 1 BE(r,T,5) Y
= — = 1—-7Y (. T T
1—s &8 (r,T,s) &8 (1,T,5)Q(7,T,s) ( ™Y (7, T, s)nr (7, ’S))
Qe (7,T,3)
1 E(7,T,s)

s-e-E(r,T,s)ng (1,T,s)

B EE (T, T,8) (7, T, s)

(75) (e

where

OE (1,T,s) 1—s

R TR N T 0
T =y B
R(T,T,S):%

F T = g
nE (1, T, 5) = —— OE (7,1, s)

E(r,T,s) OT

and R (7, s) accounts for educational expenses as a share of total output.

C.2.2 Optimal Income Tax

The welfare effect of a change in 7 is given by

oW (1,7, s)

__ oY
or =-i

Therefore the first order condition to the government’s problem with respect to 7 is

given by
Y (r,T E(r,T
QY =) Y(T,T,S)+7'a (7 ’S)—sea (. T,5)
or or
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Hence

T 1 S Qr
= 1 ReE "t
1—7 &, i Sicr AY (1,7, s)

Since A = Q/w we get the result.

C.2.3 Optimal Educational Subsidies with Non-Linear Labor

Income Taxes

The only term that changes as compared to the previous analysis is the effect on

government labor income tax revenue. Revenue from labor income taxes is given by

/ / Y (0a, 053 5)) f (0a,0b) dBydb,
/ / oy Y (0559)) 1 (a,00) O

9*(0a;s)
" /0 E(y" (62)) ( /0 £ (60, 00) deb) a0,

Therefore

@f; s) _ / TR 0) ~ £ (5 (6 (0229):))] £ (BB (0 5)

b .
[T ) P 600 ds,
*00, S) S

065 (04; s)
———df
a a

S

The first term captures the effect on government revenue from the change in edu-
cational subsidies through the extensive margin channel. As more workers switch
into occupation b, their labor income jumps to a new level, what results in a differ-
ent amount of taxes paid. The second component captures changes in the intensive
margin on labor supply due to the change in educational subsidies. Those arise from
income effects on labor supply of the change in subsidies for workers that would obtain

a high level education degree even before the policy change.
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Proceeding in an analogous fashion as before, we have the first order condition

¢ Q. E(s)=\- [e'E(s)jLs.e.aE(S)_aI]

s ds

Rewriting this equation in terms of elasticities we obtain

S . 1 1 Qe I 1173
I-s &, ( _7> ' (Y(s)) (1) ReP,
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