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CHAPTER 1

Introduction

All men are not equal in the labor market. For example, in the United States, the

average income of the top 10 percent of the income distribution was more than 4 times

higher than the average income among the bottom 10 percent in the 1990s (Katz and

Autor, 1999). Moreover, income inequality has also been growing over the course of the

last decades. The collage to high school wage ratio increased by almost 10 percent from

the 1970s to the 1990s. Inequality between observationally identical workers has also

increased. Juhn, Murphy and Pearce (1993) and Gottschalk and Mo¢ t (1994) estimate

a substantial increase in this so-called residual inequality, i.e. inequality among people

with the same education, age, etc.

Income inequality has many sources. For example, some people are more productive

than others because they are more highly educated or because they have built up

their productivity through on the job training and experience. In addition, some

individuals� incomes temporarily or permanently drop because of unemployment or

disability. There may also be inequalities that do not re�ect productivity di¤erences,

but instead are caused by discrimination.

This thesis deals with three topics, all related to inequality. First, chapters 2 and 3

ask how to insure individuals against unemployment and disability. Chapter 4 inquires

if union wage setting is the reason for the lower inequality but higher unemployment

in Europe relative to the United States. Finally, chapter 5 assesses if the fact that

females outperform males in high school is explained by discrimination.

1.1. Insurance

With average unemployment rates exceeding 5 percent and 4 percent of the U.S. male

population labeling themselves as severely and chronically disabled, unemployment and
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4 1. INTRODUCTION

disability constitute important sources of income �uctuations. Individuals fearing risk

would like to be insured against these shocks.

Chapter 2 and 3 analyses di¤erent aspects of how to insure unemployment and

disability optimally. This question is interesting if at least three plausible conditions

are ful�lled. First, agents have to be risk averse so that they demand insurance against

unemployment and disability shocks. Second, there must be some �nancial markets

incompleteness so that people lack access to complete contingent claims markets where

they could perfectly insure each other before any uncertainty is resolved. Third, there

has to be private information in the sense that agents�outcomes are at least partly

determined by actions that are not commonly observed. If this third condition is not

ful�lled, �nding the optimal insurance system is trivial, and consists of a constant

consumption sequence over time, regardless of the prevalence of unemployment and

disability in an agent�s history.

Chapter 2 develops a model in which these three conditions are ful�lled. In this

model economy, agents are subject to the risk of becoming unemployed or disabled

and wants to be insured against these shocks. However, the insurance agency, depicted

as an abstract benevolent dictator, or social planner if you will, in unable to infer

if an agent remains unemployed because of bad luck or because he does not exert

the proper amount of e¤ort to �nd a new job. Moreover, the planner cannot tell if

a disability insurance claimant is in fact disabled, or merely claims to be to collect

insurance bene�ts.

One might question if private information leads to moral hazard in this context,

that is if people stay to long in unemployment or misreport disability if the insurance

systems are too generous. The empirical support for moral hazard in unemployment

and disability insurance is massive however. For example, Katz and Meyer (1990)

show that unemployment insurance leads to longer unemployment spells. Moreover,

Gruber (2000) reports that increasing the generosity of the disability insurance system

leads to a increase of disability claimants from the labor force. There is also strong

support for the notion that unemployment and disability insurance a¤ect each other

and therefore should be studied within the same model. For example, Autor and
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Duggan (2003) attribute as much as one half percentage point of the U.S. mid 1980s

decline in unemployment to the contemporaneous rise in disability bene�ts.

In an environment with moral hazard, providing the optimal unemployment and

disability insurance is not an easy task. If optimal is to have its natural meaning, the

planner has to be able to condition all parts of the insurance contract on the agents

whole history of reported states, which is the only information he has access to. As

the set of possible histories grows rapidly over time, problems of this type are di¢ cult

to tackle. Fortunately, Spear and Srivastava (1987), Abreu, Pearce and Stacchetti

(1990) and Thomas and Worall (1990) have developed methods to circumvent this

�curse of dimensionality.�They showed that the relevant part of an agents history can

be fully summarized by a �promised future utility,�which serves as a state variable in

the planner�s problem. The problem can then be cast as a principal agent problem and

solved by standard dynamic programming.

The goal of chapter 2 is to theoretically characterize the optimal insurance contract

in terms of consumption for di¤erent histories. It turns out that bene�ts conditional

on disability are optimally decreasing during unemployment and increased following

successful job search. For low levels of e¤ort costs of working, a no-quitting constraint

becomes slack, and it is optimal to award an agent constant consumption during em-

ployment and an initial unemployment insurance replacement rate exceeding 100 per-

cent. For high e¤ort costs, consumption should instead increase during employment.

Across all levels of the e¤ort cost of working, consumption should decrease during

unemployment, be constant during disability, and drop upon disability.

All variations in consumption across histories are due to private information. If

the planner could observe the agents�states and actions, consumption would be the

same for every possible history. The planner needs to vary consumption because he

has to induce job search e¤ort and abstain suboptimal quits and premature disability

claims. Consumption being decreasing during an unemployment spell then becomes

the optimal way to provide incentives to exert job search e¤ort, just as in the seminal

work by Shavell and Weiss (1979) and the more recent papers by Hopenhayn and

Nicolini (1997, 2004). As agents are risk averse, it is cheaper for the planner to not
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only reduce consumption in future unemployment if the agent�s unemployment spell is

prolonged, but in all future states. This is the reason why future disability bene�ts are

decreasing during unemployment. The same argument explains why future disability

bene�ts rise when �nding a new job. Upon job �nding, the agent should be rewarded

and risk aversion makes it cheaper to award him in all future states.

The most interesting feature of the optimal contract is thus the nontrivial way in

which unemployment a¤ects the optimal disability insurance, something that naturally

did not appear in Diamond and Mirrlees�(1978) seminal paper on optimal disability

insurance.

Chapter 3 takes the model from chapter 2 and solves it numerically. The purpose of

that exercise is threefold. First, to study the quantitative aspects of the joint system

of insurance against unemployment and disability insurance and compare it to the

existing literature. Second, to compute the welfare gains associated with moving from

the current system to the optimal one. Third, to provide a measure of the e¤ectiveness

of self insurance compared to the planner�s insurance capabilities.

The optimal contract features a lot of consumption smoothing despite the moral

hazard problems. Unemployment insurance bene�ts are high and decline at a moderate

rate during an unemployment spell, disability bene�ts are higher than in the current

system, and the optimal distribution of consumption has a much smaller standard

deviation than the distribution implied by the current system. The cost reductions of

moving to the optimal system are large, amounting to 15 percent of the costs of the

current system. Despite the large costs reductions from moving to the optimal system,

self insurance is rather e¤ective compared to the optimal insurance system. An agent

is willing to forgo no more than 6 weekly wages in order to join the planners optimal

system.

1.2. Unions

During the last decades, Europe and the United States have taken di¤erent routes in

important labor market dimensions. While U.S. wage inequality has increased substan-

tially, unemployment rates have remained roughly constant. The increase in European
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inequality is much less pronounced, and unemployment rates have instead increased to

levels far above those of the United States.

Chapter 3 sets out to explain these di¤erences by union wage setting. Unions are

more powerful in Europe than in the U.S., and a common feature of models with union

wage setting is unemployment, even in otherwise frictionless environments. Chapter 3

uses a calibrated version of a dynamic monopoly union model to argue that a monopoly

union increases the rate of unemployment as a response to increased microeconomic

turbulence faced by its members. As unemployment reduces inequality, at least tem-

porarily, the model is broadly consistent with the stylized facts described above. The

union prefers higher unemployment in turbulent times both because such times im-

plies increased opportunities for rent seeking and because unemployment leads to wage

compression, which insures the workers from the increased wage volatility associated

with turbulence.

A natural question becomes if the union equilibrium (�Europe�) is preferred to

the laissez-faire equilibrium without a union (�the U.S.�). It turns out that the welfare

consequences of union wage setting is positive for workers and negative for �rm owners.

In total, union wage setting reduces welfare substantially in turbulent times.

1.3. Discrimination

It is well known that females have lower incomes than males. Despite being low wage

earners compared to males, females outperform males before entering the labor market,

that is, in school.

In chapter 5, Björn Tyrefors and I ask if females outperform males because of dis-

crimination. To do this, we compare students� tests in Swedish under two di¤erent

grading regimes. Speci�cally, we compare the grading outcomes generated under �nor-

mal�circumstances, where the teachers know the identity of the student, to the grading

outcomes where they do not. The di¤erence in grading between the two regimes is then

our measure of discrimination. As we grade the very same tests twice, we are con�dent

that the di¤erences between the grading regimes cannot be due to di¤erences in ability

between the genders.
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Our analysis does not �nd strong support for the case that males are discriminated

in school. Females outperform males in our sample, and less so when graders are

unaware of the students�gender. The di¤erence is however not large enough to pass

our statistical tests on any reasonable level of signi�cance.
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CHAPTER 2

Optimal Unemployment and Disability Insurance

Erik Höglin

Abstract. This paper considers the optimal joint insurance system against
unemployment and disability shocks. Bene�ts conditional on disability are
optimally decreasing during unemployment and increased following successful
job search. For low levels of e¤ort costs of working, a no-quitting constraint be-
comes slack, and it is optimal to award an agent constant consumption during
employment and an initial unemployment insurance replacement rate exceed-
ing 100 percent. For high e¤ort costs, consumption should instead increase
during employment. Across all levels of the e¤ort cost of working, consump-
tion should decrease during unemployment, be constant during disability, and
drop upon disability.

2.1. Introduction

Unemployment and disability are important sources of income �uctuations, and in-

dividuals facing such risks demand insurance to smooth consumption. Moral hazard

problems stemming from private information however limit the extent to which in-

surance can be achieved. When an insurance agency cannot infer if an unemployed

searches for a new job or whether a disability insurance claimant is in fact disabled,

the optimal system of insurance against unemployment and disability risk has to ac-

knowledge private information in order not to provide perverse incentives. With private

information, unemployment and disability insurance are naturally related. For exam-

ple, if disability insurance bene�ts are generous, unemployed might stop looking for

jobs and opt for disability insurance instead. If they are not generous enough, disabled

0 I am grateful to Lars Ljungqvist for providing continuous support, comments, and suggestions
during this project. I have also bene�ted from comments by Milo Bianchi, Kaiji Chen, Martin Flodén,
Nils Gottfries, Bertil Holmlund, Henrik Lundvall, Jörgen Weibull, and seminar participants at the
Stockholm School of Economics, Uppsala University, the 1st Nordic Symposium in Macroeconomics
in Smögen (Sweden), and the 2008 ENTER Jamboree in Madrid. Financial support from the Jan
Wallander and Tom Hedelius foundation is gratefully acknowledged.
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14 Optimal Unemployment and Disability Insurance

people might instead claim to be unemployed and be provided a consumption stream

designed to provide incentives for job search, which is clearly not called upon for a

truly disabled.

There is indeed ample empirical evidence that unemployment and disability insur-

ance a¤ect each other. Gruber (2000) studies a policy change in Canada giving rise to

arguably exogenous changes in disability bene�ts. He �nds a signi�cant reduction in

labor force participation due to increased bene�ts, with an implied elasticity of around

.3. Gruber�s paper is an argument in its own right for studying unemployment and dis-

ability insurance jointly, as one would expect some of those falsely claiming disability to

otherwise be unemployed. More generous unemployment insurance would then reduce

the disability claims, and vice versa. A direct test of this conjecture is performed by

Autor and Duggan (2003). They study the interaction between aggregate unemploy-

ment and the generosity of the disability insurance system explicitly, and attribute as

much as one half percentage point of the U.S. mid 1980�s decline in unemployment to

the contemporaneous rise in disability bene�ts.

Despite these empirical �ndings, previous literature on optimal social insurance

under asymmetric information has mainly dealt with unemployment and disability in-

surance separately. Shavell and Weiss (1979) and Hopenhayn and Nicolini (1997, 2004)

used search e¤ort models to highlight the consequences of unobservable search e¤ort

for the optimal unemployment insurance system. Diamond and Mirrlees (1978, 1986),

and, more recently, Golosov and Tsyvinski (2006), focused on disability insurance by

assuming that it is impossible for a planner to distinguish disabled from able. I am

aware of no previous paper studying optimal unemployment and disability insurance

within the same model. The purpose of this paper is to do exactly that.

In order to study optimal unemployment and disability insurance within the same

model, I merge Hopenhayn and Nicolini�s (2004) model with a simpli�ed version of

Diamond and Mirrlees (1978), making them both special cases of my model. The

agent goes through life experiencing multiple spells of employment and unemployment

and eventually turn disabled. When an agent has reached disability, he can never leave

that state. During unemployment, the agent has to exert search e¤ort in order to have
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the chance to become employed. The planner does not know which state the agent

is in or whether he exerts job search e¤ort or not when unemployed. These are the

sources of moral hazard in the model.

Following the methodological advances by Spear and Srivastava (1987), Thomas

and Worall (1990), and Abreu, Pearce and Stacchetti (1990), I model the problem as

a dynamic principal agent problem under asymmetric information. A social planner

constructs a history dependent contract that induces the agent to reveal his true state

and exert job search e¤ort if unemployed. The optimal contract minimizes the cost of

providing a given lifetime utility to the agent.

The presence of unemployment a¤ects the optimal provision of disability bene�ts

substantially. Speci�cally, bene�ts conditional on disability are reduced every period

the agent is unemployed and increased when he �nds a new job. The reason comes

directly from the fact that the main result Hopenhayn and Nicolini (1997, 2004) is gen-

eralized to the environment of this paper. They showed that not only should consump-

tion fall during unemployment to provide incentives to avoid prolonged unemployment,

as in Shavell and Weiss (1979), but promised values in all future states should also be

reduced during unemployment. Thus, in this paper, the longer an agent is unemployed,

the lower is his promised utility should he turn disabled. Promises in all future states

are reduced during unemployment because the agents are risk averse, which makes it

cheaper for the planner to alter their lifetime utility in the whole future, rather than

to temporarily change their consumption. By the same argument, disability bene�ts

rise when the agent �nds a new job. The planner has to award successful job search,

and does so in all future states. In Diamond and Mirrlees� (1978) model that does

not include unemployment, an agent is awarded higher disability bene�ts the later he

becomes disabled. In their paper, rising disability bene�ts is an award for tenure. If

the agent is able one more period, he is awarded in future employment as well as in

future disability. When you introduce unemployment into the analysis, it is not clear

if a history including many periods as unemployed reduces disability bene�ts or not.

If the unemployment spells are short and many, bene�ts when turning disabled are

higher compared to if they are few and long.
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It also turns out that important aspects of the optimal contract hinges crucially

on the level of e¤ort costs of working. For low levels of the e¤ort cost of working, a

no-quitting constraint becomes slack. With a slack no-quitting constraint, it is opti-

mal to award an agent constant consumption and unaltered promised values during

employment, and an initial unemployment insurance replacement rate exceeding 100

percent. For e¤ort cost levels high enough to make the no-quitting constraint binding,

consumption should instead increase during employment, and the replacement rate in

the unemployment insurance could be either above or below 100 percent. These fea-

tures of the optimal contract are the same as those in Hopenhayn and Nicolini (2004),

with the exception of the above 100 percent replacement rate. The reason why it is

optimal to replace more that 100 percent of previous consumption when turning un-

employed indeed stems from the introduction of disability. Speci�cally, it is a part of

an award for truth telling. The planner optimally makes an employed agent indi¤erent

between turning unemployed and disabled. When turning unemployed, the planner

has to compensate him for the search e¤ort and the declining consumption pro�le that

an unemployed, but not a disabled, is facing. The planner accomplishes this by a high

initial replacement rate and falling consumption throughout the unemployment spell.

The next two sections outline the economic environment and the allocations under

autarky, where the agents fend for themselves without a planner and without the

possibility of trading with each other. Section 2.4 then presents the planner�s problem.

In section 2.5, the optimal contract under the baseline assumption of no e¤ort during

employment is characterized. Section 2.6 extends the analysis to the case where e¤ort

during employment is large enough to alter the results from the case with low e¤ort

costs of working. Finally, section 2.7 concludes. Proofs of all propositions are in an

appendix.

2.2. The Economy

The economy is populated by many risk averse agents. At each point in time an agent

can be employed, unemployed or disabled. If employed, the agent earns a constant wage

w > 0, while if unemployed or disabled he earns no income. Disability is an absorbing
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state. In contrast, employed and unemployed can transition between employment

and unemployment as well as into disability. Speci�cally, an unemployed becomes

disabled with per period probability � and can gain employment by exerting search

e¤ort. He can either choose a > 0 or zero search e¤ort. If search e¤ort is a; the

probability of gaining employment is p; conditional on not becoming disabled. If search

e¤ort is zero, an unemployed remain so with probability one, again conditional on not

turning disabled. Employed agents face the same probability of becoming disabled as

unemployed and maintain employment with exogenous probability �; if not becoming

disabled. Quits are possible. E¤ort is assumed to be costly in utility terms. Following

Hopenhayn and Nicolini (1997), the preferences of an agent are ordered by

E

1X
t=0

�t [u (ct)� at] ; (2.1)

where ct is consumption, u (�) is strictly increasing, strictly concave, twice continuously
di¤erentiable and � 2 (0; 1) is the common discount factor.1 Assume also that u (0)
is well de�ned. No e¤ort is required to maintain employment, so at is zero during

employment and disability. All the results remain with an e¤ort cost of working,

provided it is su¢ ciently small. In section 2.6, I consider the case where the cost of

working is large enough to alter the qualitative results from the case with no e¤ort

costs of working.

The agents can neither save nor borrow. Lack of access to capital markets in

combination with risk aversion will constitute scope for improvement upon the autarky

equilibrium by a social planner that has the ability to transfer resources over time and

across agents.2 I assume that such a planner has unlimited access to a perfect capital

1 The discount factor may include a state independent per period probability of dying. The results
are invariant to such an additional assumption.

2 Lack of access to any market for borrowing or lending is unrestrictive as long as an agents�
savings can be costlessy monitored by the planner, or, equivalently, as long as the planner can control
the agent�s consumption. Extending the analysis to include hidden savings is not straightforward.
Kocherlakota (2004) describes the technical di¢ culties in using the recursive constract methodology
when a hidden state variable such as savings can take on a continuum of values. Motivated by these
di¢ culties, I abstract from hidden savings. Werning (2002) and Mitchell and Zhang (2007) studies the
role of hidden savings in optimal unemployment insurance under some functional forms assumptions.
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market, where he can borrow and lend at a constant gross interest rate equal to the

reciprocal of the agents�discount factor.

The current state of an agent is unobservable but income is observed by the planner.

Hence, an employed cannot claim to be unemployed or disabled. An employed can quit

however, rendering him in a situation identical to one that got laid o¤. The planner

cannot distinguish quits from layo¤s. E¤ort while unemployed is also unobservable.

The optimal contract must induce an employed never to quit, unemployed and disabled

not to lie, and unemployed to exert e¤ort to become employed.

2.3. Autarky

To highlight the agents�problem we start the analysis without a planner. In autarky,

the agents then lack the opportunity to trade in any way and have to fend for them-

selves. The only choice the agents have is whether they should exert search e¤ort of

not if unemployed, as no other transition probabilities are endogenous. Accordingly,

the autarky values for employed and disabled are simply given by:

V e
aut = u (w) + �

�
(1� �) [�V e

aut + (1� �)V u
aut] + �V d

aut

	
;

and

V d
aut =

u (0)

1� �
:

The autarky value for an unemployed is the solution to the Bellman equation:

V u
aut = u (0) + max f�a+ � f(1� �) [pV e

aut + (1� p)V u
aut]g ; � [(1� �)V u

aut]g+ ��V d
aut:

Evidently, an unemployed exerts e¤ort if and only if

� (1� �) p (V e
aut � V u

aut) � a: (2.2)

From now on we assume that parameters are such that this condition is ful�lled. Note

that then (V e
aut � V u

aut) > 0; so an employed agent will never quit. When the planner

constructs the optimal contract in the proceeding sections he will, in addition to other

incentive constraints, have to see to it that a condition like (2.2) is ful�lled.
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2.4. The Planner�s Problem

The planner�s problem is to specify history dependent transfers and e¤ort recommen-

dations to minimize the cost of giving the agent a speci�ed value V . Relying on the

revelation principle, I restrict attention to contracts in which the planner would like

the agent to tell the truth. Furthermore, I assume that the primitives of the model,

including the initial promised value, are such that the planner would like to induce

positive search e¤ort. The planner collects reports on state in each period and makes

history dependent transfers in order to induce no quitting, truth telling, and e¤ort if

the agent is unemployed. The timing of the contract within each period is:

(1) The agent learns his state and reports a state to the planner.

(2) Conditional on the history of reports, including the current period, the planner

sets up a consumption level and promises for each possible future state.

(3) If the agent is unemployed, he chooses to exert search e¤ort or not, which

determines his probability distribution over next period�s state.

If the promised value for a given state is V , the planner chooses current consumption

c, and promises V e; V u; and V d for each possible future state. Here, V e is the expected

utility from next period on, should the agent be employed then, and V u and V d are

de�ned analogously. In order to deliver the promise, the planner has to set c; V e; V u;

and V d such that an agent�s expected utility equals V . In addition, the contract must

involve combinations of V e; V u; and V d that makes it optimal for an agent not to quit,

not to lie, and to search if unemployed. The value of the planner�s problem when the

agent has reported to be employed is Ce (V ) ; and denotes the minimal cost of delivering

V to a currently employed agent with a promised value equal to V . Corresponding

cost functions when an agent is unemployed or disabled, Cu (�) and Cd (�) ; are de�ned
analogously.

2.4.1. Employed. Suppose an agent is employed and has promised value equal

to V: The optimal contract then solves the Bellman equation:

Ce (V ) = min
c;V e;V u;V d

�
c� w + �

�
(1� �) [�Ce (V

e) + (1� �)Cu (V
u)] + �Cd

�
V d
�		

;
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where the minimization is subject to

V = u (c) + �
�
(1� �) [�V e + (1� �)V u] + �V d

	
; (2.3)

V e � V u; (2.4)

V u � V d: (2.5)

Here, (2.3) is the promise keeping constraint, and (2.4) is the no quitting constraint

that makes sure that an agent does not quit if still employed in the beginning of next

period. Also, (2.5) is the truth telling constraint that assures that if unemployed next

period, the agent will report so. But what if the agent becomes disabled, how do

we make sure that he does not claim to be unemployed and collect (possibly) higher

bene�ts? This can be a serious problem, but it turns out not to be. Later we will see

that along the optimal path, it is never optimal to claim unemployment if disabled.

The cost function is strictly increasing and strictly convex. As promises increase, it

becomes more and more expensive for the planner to deliver an additional util to the

agent, a feature due to the concave utility function.3 Attaching nonnegative Lagrange

multipliers �; � (1� �) �e and � (1� �) �u on (2.3), (2.4) and (2.5), respectively, the

�rst order conditions are:
1

u0 (c)
= �; (2.6)

� [C 0e (V
e)� �]� �e = 0; (2.7)

(1� �) [C 0u (V
u)� �]� �u + �e = 0; (2.8)

�
�
C 0d
�
V d
�
� �

�
+ �u (1� �) = 0: (2.9)

By the envelope theorem,

C 0e (V ) = �: (2.10)

3 As a more formal argument, note that we could rewrite the problem as choosing a utility level u
instead of c: The return function is then the strictly increasing, strictly convex function u�1 and the
constraints are linear in u; V e; V u; and V d: This makes the cost function become strictly increasing
and strictly convex. The �rst order conditions with the alternative speci�cation are identical to those
presented here. These conditions are hence both necessary and su¢ cient.
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2.4.2. Unemployed. If an agent has reported unemployment and his promised

value in this state is V , the optimal contract is characterized by the solution to the

dynamic program:

Cu (V ) = min
c;V e;V u;V d

�
c+ �

�
(1� �) [pCe (V

e) + (1� p)Cu (V
u)] + �Cd

�
V d
��	

;

where the minimization is subject to

u (c)� a+ �
�
(1� �) [pV e + (1� p)V u] + �V d

	
= V; (2.11)

� (1� �) p [V e � V u] � a; (2.12)

V u � V d: (2.13)

Here, (2.11) is the promise keeping constraint and (2.12) is the incentive compatibility

constraint inducing e¤ort. The incentive compatibility constraint makes sure that it is

optimal for the unemployed to exert search e¤ort. Finally, in order for an unemployed

not to claim to be disabled, a truth telling constraint like (2.13) has to be satis�ed. As

we will show later, an unemployed turning disabled will not lie in this case either. The

cost function is strictly increasing and strictly convex, for the same reason as in the

employment problem. To proceed, attach nonnegative Lagrange multipliers �; � and

� (1� �) � on (2.11), (2.12) and (2.13) respectively. The �rst order necessary conditions

are:

� =
1

u0 (c)
; (2.14)

[C 0e (V
e)� �] p� �p = 0; (2.15)

[C 0u (V
u)� �] (1� p) + �p� � = 0; (2.16)

�
C 0d
�
V d
�
� �

�
� + � (1� �) = 0: (2.17)

By the envelope theorem,

C 0u (V ) = �: (2.18)



22 Optimal Unemployment and Disability Insurance

2.4.3. Disabled. Disability is an absorbing state. Hence, the incentive problems

between the planner and the agent are bygones once an agent has truthfully reported

to be disabled. It is then optimal for the planner to award the agent a constant level

of consumption that delivers the promised value. Let this transfer be cd, which is

implicitly de�ned by

V =
u
�
cd
�

1� �
:

The cost to the planner is then

Cd (V ) =
cd

1� �
=
u�1 (V (1� �))

1� �
:

Note that

C 0d (V ) =
1

u0 (cd)
(2.19)

is positive and increasing, making Cd (V ) convex:

2.5. Optimal Insurance

Absent the informational asymmetries, the optimal insurance contract would award an

agent the same consumption in every state and period. To see this, note that without

private information the �rst order conditions are the same but without the multipliers

on the no-quitting, truth telling, and e¤ort incentive constraints. Then, the �rst order

conditions imply

C 0e (V ) = C 0e (V
e) = C 0u (V

u) = C 0d
�
V d
�
; (2.20)

in the employment problem, and

C 0u (V ) = C 0e (V
e) = C 0u (V

u) = C 0d
�
V d
�
; (2.21)

in the unemployment problem. The envelope conditions in the employment and un-

employment problems along with (2.19), (2.20) and (2.21) reveal that consumption is

fully equalized across states and periods. The planner would simply instruct an unem-

ployed to search, and with e¤ort being observable the planner could punish him such

that he does adhere to the instruction. Although consumption is the same, the values

for di¤erent types are not. A disabled will never have to exert search e¤ort and thus

enjoys the highest level of utility. An employed faces some risk of having to search if
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unemployed in the future, but less so than an unemployed. Hence, an employed has

higher utility than an unemployed, who is worst o¤ in the full information contract.

Note also that in the full information contract, the cost of delivering an additional

util is the same across states. With private information, this will no longer be true.

Private information will induce the planner to vary consumption across states to main-

tain incentive compatibility, and this feature of the optimal information constrained

contract implies that the costs of delivering utils di¤ers for di¤erent types.

2.5.1. Distribution of values. Under asymmetric information, the state inde-

pendent allocations from the perfect information contract are not incentive compatible.

Regardless of his true state, an agent could always claim disability to enjoy the highest

possible utility, or, equivalently, stop searching if unemployed. A natural �rst step in

the inquiry of how the optimal information constrained contract di¤ers from the uncon-

strained optimum is therefore to �nd out which information constraints are important.

It turns out that the structure of binding incentive constraints is simple and intuitive.

An agent is indi¤erent between becoming or remaining unemployed or becoming dis-

abled and he always strictly prefers to be employed. Also, while unemployed, the agent

is indi¤erent between exerting search e¤ort or not.

Proposition 1. The truth telling constraints in both the employment and the un-

employment problem and the e¤ort incentive constraint in the unemployment problem

are binding. The no-quitting constraint is not binding.

All proofs are in the appendix. It might be useful to compare the results in propo-

sition 1 to the full information benchmark to appreciate the limitations private infor-

mation puts on the optimal contract. In the full information contract, the marginal

costs of delivering utils to di¤erent types are equal. With private information, this is

no longer true. In particular, the marginal cost of delivering utils to disabled agents

is lower than the marginal cost of giving other types utils. To see this, consider the

employment problem and use (2.7) and (2.9) to get

C 0e (V
e)� C 0d

�
V d
�
=
�e
�
+
�u (1� �)

�
;
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which implies

C 0d
�
V d
�
� C 0e (V

e) ;

with strict inequality if at least one of the constraints bind. The intuition is clear.

Once and agent has truthfully reported disabled, the incentive problems between him

and the planner are bygones. For this reason, it is relatively cheap to deliver another

util to such an agent, since variations over time is not needed to maintain incentive

compatibility. Thus, the planner wants to give as much utility as possible to a disabled,

given that it is not tempting to falsely claim disability. The way to accomplish this

is to make the truth telling constraint binding, so that whether currently employed

or unemployed, future promises between unemployment and disability are equalized,

V u = V d:

A similar reasoning can be applied to explain why the no-quitting constraint is

not binding. The planner has more severe moral hazard issues with an unemployed

than with an employed. First, the search e¤ort has to be compensated for so that the

unemployed does not go into disability, and, second, incentives to exert search e¤ort

has to be provided. The more severe moral hazard problems makes it expensive for the

planner to deliver an additional util to the unemployed, and hence relatively cheaper to

deliver an additional util to an employed. This reasoning explains why the no quitting

constraint is slack, V e > V u.

With a binding truth telling constraint, it is clear why a disabled would never claim

to be unemployed. A truly unemployed receives exactly the same utility as a disabled

claiming disability. The former�s utility is based on a positive probability of �nding a

job. A disabled falsely claiming to be unemployed does not have this chance, and is

hence worse of by claiming to be unemployed.

Note also the di¤erence between the distribution of promised values in this paper

and in Diamond and Mirrlees (1978). With only employed and disabled, as in their

model, the values across employment and disability should be equalized. The reason

in their paper is that disabled have a higher marginal utility of consumption. In the

model of this paper it is not optimal to push the future values of employment and

disability to equality, because it will by necessity push the value of unemployment into
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a region where the marginal cost of increasing the future value for unemployment is

too high. This di¤erence compared to Diamond and Mirrlees�model will have further

implications for the optimal contract.

2.5.2. Consumption dynamics. Let us now study the consumption dynamics

within a given spell. The assertion by Shavell and Weiss (1979) and Hopenhayn and

Nicolini (1997, 2004) that consumption should fall during an unemployment spell re-

mains valid also in this environment. Furthermore, consumption should not change

over time during an employment spell or when disabled.

Proposition 2. Consumption is constant during an entire employment spell, de-

creasing during an unemployment spell, and constant during disability.

Consumption being constant during employment is a direct consequence of the no-

quitting constraint being slack. To see this, use (2.6) and (2.7) in combination with

the envelope condition (2.10) to get

1

u0 (ce)
� 1

u0 (c)
=
�e
�
; (2.22)

where c is current consumption as employed and ce denotes consumption in the next

period, should the agent still be employed. As the no-quitting constraint is slack,

�e = 0; (2.22) implies that
1

u0 (ce)
=

1

u0 (c)
: (2.23)

Recursive application of (2.23) shows that consumption does not change during an

employment spell, as the utility function is strictly concave. Given that the employed

is not tempted to quit, there is no reason to vary consumption during a spell of em-

ployment. On the contrary, the cheapest way of delivering a given value when there

are no incentive problems is a constant sequence of consumption, a feature due to the

concave utility function. Constant consumption during employment is also a feature

shared by Hopenhayn and Nicolini (2004), for their speci�cation with low enough e¤ort

cost while employed.

Declining consumption during unemployment re�ects the planner�s need to induce

search from the unemployed and his need to abstain the unemployed from reporting
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disabled. The �rst order conditions (2.14), (2.16) and (2.18) yields

1

u0 (cu)
� 1

u0 (c)
=
� � �p

1� p
; (2.24)

where c is current consumption as unemployed and cu denotes next period�s consump-

tion, should the agent remain unemployed. Whether consumption is increasing or

decreasing depends on the relative size of the Largrange multipliers � and �: The

higher the marginal value of relaxing the truth telling constraint (a higher �), the more

consumption tends to grow during unemployment. This illustrates the planner�s need

to prevent the unemployed from falsely claiming to be disabled. On the other hand,

the higher the marginal value of relaxing the e¤ort incentive constraint (a higher �),

the more consumption declines during unemployment. As shown in the appendix, the

latter e¤ect is stronger than the former, so consumption does decline during unem-

ployment, � � �p < 0: The intuition is the same as in Shavell and Weiss (1979) and

Hopenhayn and Nicolini (1997, 2004). An unemployed must be provided incentives to

avoid prolonged spells of unemployment, and the planner provides those incentives by

gradually lowering consumption during the whole spell.

All incentive problems between the planner and the agent are bygones once an

agent has reported to be disabled. Again, concavity of the utility function prescribes

constant consumption as the cost minimizing way of delivering a disabled�s promise.

Within a spell there are no qualitative di¤erences in results or intuition between

this model and Hopenhayn an Nicolini (1997, 2004), but a clear di¤erence compared to

Diamond and Mirrlees (1978). In Diamond and Mirrlees�analysis, the worker consumes

more and more during a spell of employment. The reason in their paper is that an

agent is optimally indi¤erent between claiming disability or not, so rising consumption

becomes an award for tenure. Such an award is not needed here, because an employed

is always strictly better o¤ than an unemployed or a disabled.

We now turn to what happens to consumption at the time of transition between

states. Consumption has to jump at all transitions, partly because di¤erent states

means di¤erent values and partly because of the way the planner delivers these values

according to the preceding proposition.
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Proposition 3. Consumption rise upon layo¤ and upon employment, and fall

upon disability.

The quite intuitive conclusion that consumption increases upon gaining employment

follows naturally from the planner�s need to deliver the high promise upon employment.

Utility increases when going into employment both because of higher consumption and

because e¤ort is zero during employment. However, not having to exert search e¤ort

is not su¢ cient. If consumption would not increase when �nding a job, the value of

not searching for a job would be higher than that of searching, which is clearly not

incentive compatible.

The rise in consumption upon layo¤ is harder to explain. It is certainly not a

reward for layo¤, nor is it a punishment. There is absolutely no need for the planner

to punish layo¤s since they are exogenous. The answer should instead be sought in

the relation between unemployment and disability. When an employed agent gets laid

o¤, the planner uses (2.16) and the envelope condition in the unemployment problem

to update his consumption. Combining these two with the envelope condition in the

employment problem yields,

1

u0 (cu)
� 1

u0 (c)
=
�u � �e
1� �

; (2.25)

where c is consumption prior to the layo¤ and cu is consumption in the �rst period

of the unemployment spell. Now as the truth telling constraint is binding while the

no-quitting constraint is slack, (2.25) can be written as

1

u0 (cu)
� 1

u0 (c)
=

�u
1� �

> 0 =) cu > c; (2.26)

so the binding truth telling constraint pushes the replacement rate above 100 percent

of previous consumption. Since the truth telling constraint while employed is binding,

the agent is as well o¤ getting unemployed as getting disabled. When unemployed

we have already seen that consumption should fall, while it remains constant for a

disabled. The high replacement rate is then a consumption award for truth telling,

compensating for the job search e¤ort cost. The same expression as (2.26) appears

in Hopenhayn and Nicolini (2004), but without the multiplier on the truth telling
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constraint as there is no disability state in their model. As a consequence, their model

has an initial replacement rate of exactly 100 percent. The reason is that since layo¤s

are exogenous, the agent is completely insured against this shock. Here, layo¤s are

exogenous too, but upon layo¤, there is a threat that the laid o¤ claims to be disabled.

The reason that consumption falls upon disability is easy to see if we keep in mind

that consumption is constant during employment. If consumption did not fall upon

disability, a disabled would be as well of as an employed with zero unemployment risk.

This is clearly not incentive compatible, as everyone would then state disability.

The drop in consumption upon disability also appears in Diamond and Mirrlees

(1978). The intuition is also similar. The drop in consumption is a tool for avoiding

that an agent goes into disability too early. In Diamond and Mirrlees (1978), this is

achieved by delivering the same value to a disabled as to an employed. In this paper,

premature claims of disability is avoided by delivering the same value to a disabled as

to an unemployed.

2.5.3. Dynamics of promised values. It is also interesting to study what hap-

pens to agents with di¤erent histories. The evolution of promised values is informative

in this respect. Naturally, promised values move in the same direction as does con-

sumption.

Proposition 4. During employment, future promises are constant with tenure.

During unemployment, all promises fall. Promises in future unemployment and dis-

ability rise when �nding a job.

The longer an agent is unemployed, the lower is his utility in the future, not just

in unemployment but also in future spells of employment, and when he eventually

becomes disabled as well. The intuition is that since agents are risk averse, it is

cheaper to maintain incentive compatibility by permanent alterations of values in all

future states.

As promises are unaltered during employment, the contract exhibits limited mem-

ory. It simply does not matter if an agent�s employment spell was long or short, just

the number of spells. For example, the planner awards exactly the same consumption
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and future promises to an agent that has been employed 100 periods, unemployed for

10 and then gains employment as to one who was employed for one period, unemployed

for 10 and then gained employment.4 Limited memory in this respect means that the

common feature of real world social insurance systems that a number of periods of

employment is needed to qualify for unemployment insurance does not �nd support in

this model. Here, �nding a job is su¢ cient.

Even though there is some limited memory in the optimal contract, the evolution

of promised values has important implications for the di¤erence across histories. The

falling promises during unemployment together with the constant promises during em-

ployment suggests that inequality between lucky agents, with few and short unemploy-

ment spells, and unlucky agents, with the opposite experience, gets larger over time.

There are also some non-trivial dynamics of the conditional value of disability bene�ts

that did not appear in Diamond and Mirrlees (1978). For every period that the agent

is unemployed, the value should he become disabled falls. If he �nds a new job, the

disability bene�ts increase however, so whether the prevalence of unemployment in an

agents history increases or reduces his bene�ts if becoming disabled thus depends not

only on the number of periods as unemployed, but also on the distribution of spells and

durations. An agent with many short spells of unemployment clearly receives higher

disability bene�ts than an agent that has experienced few but long spells. This stands

in sharp contrast to Diamond and Mirrlees (1978), where bene�ts are higher the later

an agent becomes disabled. Here, the unemployment/employment experience becomes

important.

The dynamics of promised values also has implications for the long run evolution

of consumption. In fact, an agent will typically consume less and less as he gets older.

Falling expected consumption is reminiscent the immiseration property in Thomas and

Worall (1990).5 Behind these properties of the optimal contract lurk an inverse Euler

equation, which provides intuition for consumption being front loaded (see Rogerson,

4 Other than in these very simple cases it is di¢ cult or impossible to compare exact histories
analytically.

5 Thomas and Worall (1990) study a planner providing optimal insurance to an agent hit by
identically independently distributed income shocks and show that the agents promised value reaches
an arbitrarily low level with probability one.
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1985). To see this, consider an employed agent. Combine the �rst order conditions in

the employment problem with the envelope conditions for all problems to get

1

u0 (c)
= (1� �)�

1

u0 (ce)
+ (1� �) (1� �)

1

u0 (cu)
+ �

1

u0 (cd)
: (2.27)

The inverse Euler equation says that the inverse of marginal utility today should equal

the expected value of the inverse of marginal utility tomorrow. A similar equation,

with p replacing �; holds for an unemployed. Applying Jensen�s inequality to (2.27)

yields,

u0 (c) < (1� �)�u0 (ce) + (1� �) (1� �)u0 (cu) + �u0
�
cd
�
; (2.28)

so consumption has a tendency to be front loaded.6 The reason for this intertemporal

wedge is that it is more costly to give consumption tomorrow as it will have to be

varied across states to maintain incentive compatibility. In other words, the planner�s

marginal rate of transformation exceeds the agent�s marginal rate of substitution.

2.6. High E¤ort Cost of Working

So far, I have assumed that the e¤ort cost of employment is zero. In this section, I relax

that assumption and provide some qualitative di¤erences and similarities as compared

to the preceding section.

Let e be the e¤ort cost while employed. Algebraically, the planner�s problem is

only changed in one way, namely that the promise keeping constraint (2.3) in the

employment problem is now replaced by

V = u (c)� e+ �
�
(1� �) [�V e + (1� �)V u] + �V d

	
:

It should be made clear however that although this change looks minimal it generally

is not, as the cost functions are not the same as before. I keep the notation from before

and trust the reader to recall that these functions are not the same as in the preceding

section.

6 Rogerson (1985) proves that for a large class of HARA (including Quadratic, CARA and CRRA)
utility functions (2.28) implies that expected consumption is falling over time. As the utility function
in this paper is not necessarily in the HARA class, Rogerson�s proof does not go through generically.
However the tendecy for front loading is clear from (2.28).
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The �rst step is again to establish which incentive constrains are binding. When

e¤ort during employment is present, it is not as easy to establish unambiguous results

as when it is not. For low levels of e¤ort, the results from the preceding section holds,

while for high levels some stark di¤erences compared to the low e¤ort case emerge.

Speci�cally, the no-quitting constraint becomes binding for high enough levels of the

e¤ort cost. A binding no-quitting constraint implies di¤erent consumption dynamics

and di¤erent dynamics of promised values as compared to the case with low e¤ort.

Introducing e¤ort costs of employment does not a¤ect the qualitative results in the

states of unemployment and disability.

Let us �rst establish that the no-quitting constraint is slack for low levels of the

e¤ort cost of working.

Proposition 5. There exists an e¤ort level e > 0 such that Proposition 1 holds.

To develop an understanding for the agents�situation when employed, consider an

agent who contemplates to quit. Suppose he �nds out that he is employed at the

beginning of period t: If he quits directly, his utility from now on is V u
t . Alternatively,

he can truthfully report to be employed this period, quit in the beginning of next

period, and earn a utility from now on equal to bV = u (cet ) � e + �V u
t+1: Evidently,

he postpones his quit if bV > V u
t : Whether the no-quitting constraint is binding or

not, it turns out that the agent�s future value of turning unemployed never decreases

if he is employed another period. In other words, V u
t+1 � V u

t : Using the fact that the

truth telling constraint is always binding (V u = V d for any history), this implies that

a su¢ cient condition for bV > V u
t , is

u (cet)� e+ �V u
t � V u

t () u (cet )� e � V d
t (1� �) = u

�
cdt
�
:

Now as consumption always drops upon disability, i.e. u (cet) > u
�
cdt
�
; there always

exists an e > 0 such that it is optimal to postpone the quit. Applying this principle

recursively, there exists an e > 0 such that the agent never quits. If e is high however,

the no-quitting constraint becomes binding.
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Proposition 6. For high enough e¤ort cost of employment, the no-quitting con-

straint is binding. When this happens, the truth telling constraint is also binding.

Recall the intuition for why the no-quitting constraint is slack when e is low. An

inversion of that reasoning explains why this constraint binds for high levels of e¤ort

during employment. When the e¤ort cost of working is high, the planner has to com-

pensate the employed in order to abstain him from quitting. The compensation pushes

consumption upwards more for higher e; and because decreasing marginal utility im-

plies increasing marginal cost of delivering a util, there has to be a high enough e such

that, while employed, it is no longer optimal to promise strictly more for employment

than for unemployment.

Note that the binding no-quitting constraint implies that during employment, the

agent is indi¤erent between all future states. This does not, however, imply that there

is complete consumption smoothing across histories, as will become clear below. The

reason for the incomplete consumption smoothing is of course the di¤erent, and, in the

case of unemployment, unobserved, e¤ort costs. For example, consider two employed

agents with the same history, and suppose that one of them immediately becomes

disabled and the other remains employed for a long time before becoming disabled.

The �rst agent then receives lower lifetime consumption, but has to exert less e¤ort.

2.6.1. Consumption dynamics. A natural consequence of a di¤erent structure

of binding constraints is di¤erent consumption dynamics. Also unsurprisingly, the

di¤erence pertains to the state of employment, where the only di¤erence arise. During

employment, consumption has to rise when the no-quitting constraint is binding.

Proposition 7. Consumption is increasing during employment, decreasing during

unemployment, and constant during disability.

Consumption rises during employment when the no-quitting constraint is binding

because it is optimal to award the agent for staying employed. This is done by a rising

pro�le of consumption during employment. In the other states, nothing is changed and

the intuition from before remains. The falling consumption during unemployment thus

seems like a very robust feature of this class of models.
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The introduction of costly e¤ort of employment has one implication for consumption

at the transitions. It is not always optimal to award truth telling to the extent that

the replacement rate exceeds 100 percent.

Proposition 8. Consumption rise upon employment and fall upon disability. Con-

sumption could either rise or fall upon layo¤.

The intuition for why the replacement rate is not always above 100 percent if

the no-quitting constraint is binding is pretty straightforward. When the no-quitting

constraint is binding, it is tempting to quit, and an award for truth telling that implies

a high replacement rate means that, in order to avoid quits, the award for tenure has

to be large. The planner always want to smooth consumption subject to incentive

compatibility, so a lower award for both tenure and truth telling becomes optimal.

2.6.2. Dynamics of promised values. One of the major results in the preceding

section was that future disability bene�ts should be decreasing during unemployment.

Moreover, when e¤ort costs during employment was low, promised values remained

constant during an entire employment spell, making the length of the employment

spell irrelevant. When e¤ort costs of employment is high, the �rst result is still valid

whereas the second is not.

Proposition 9. Promised values in all future states are increasing during em-

ployment and decreasing during unemployment. Promises in future unemployment and

disability rise when �nding a job.

As above, promised values fall during unemployment to provide incentives to avoid

long lasting unemployment spells, i.e. to provide incentives to exert search e¤ort.

Disability bene�ts being decreasing during unemployment is thus a very robust feature

of this environment.

As in the case with low e¤ort costs of working, bene�ts conditional on disability

rise upon job �nding. In addition, as all promises increase during employment, bene�ts

conditional on disability move more like in Diamond and Mirrlees (1978) with high than

with low e¤ort costs of working.
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During employment, the mirror image of the reasoning used during unemployment

could be used. When the no-quitting constraint is binding it is optimal to award tenure,

and thus avoid suboptimal quits, by increasing the promises in all future states. The

intuition is again that it is cheaper for the planner to alter the risk averse agents�values

in all future states.

Note that the increasing promises during employment could be broadly interpreted

as an argument for bene�t entitlements being conditional on history involving a certain

number of periods as employed. Indeed, the contract when the no-quitting constraint is

binding has no loss of memory, the planner updates the promised values in a non-trivial

way in every period until an agent reaches disability.

Finally, it is important to note that although promised values rise during employ-

ment, the inverse Euler equation (2.28) still holds. Hence, expected consumption is

still falling for many utility functions and Thomas and Worall�s (1990) immiseration

result is still relevant.

2.7. Conclusions

There are good reasons to study how to design unemployment and disability insurance

in the same model as they are important for each other empirically. When doing so

a number of qualitative di¤erences emerge, compared to models in which only one of

them can be analyzed.

The dynamics of the conditional value of disability bene�ts did not appear in Dia-

mond and Mirrlees (1978), as unemployment does not exist in their model. For every

period that the agent is unemployed, the value should be become disabled falls. If

he �nds a new job, the disability bene�ts increase however. Whether the prevalence

of unemployment in an agent�s history increases or reduces his bene�ts if becoming

disabled thus depends not only on the number of periods as unemployed, but also on

the distribution of spells and durations. An agent with many short spells of unem-

ployment clearly receives higher disability bene�ts than an agent that has experienced

few but long spells. Moreover, when the e¤ort costs of working is high, bene�ts con-

ditional on disability rise during employment. These dynamics are more involved than



2.7. CONCLUSIONS 35

in Diamond and Mirrlees (1978), where bene�ts are higher the later an agent becomes

disabled. Here, the unemployment/employment experience becomes important.

The qualitative features of the optimal contract hinges crucially on the level of

e¤ort cost while employed. For low levels of the e¤ort cost while working, a no-

quitting constraint becomes slack. With a slack no-quitting constraint, it is optimal to

award an agent constant consumption during employment and an initial unemployment

insurance replacement rate exceeding 100 percent. For e¤ort cost levels high enough to

make the no-quitting constraint binding, consumption should instead increase during

employment, and the replacement rate could be either above or below 100 percent.

Across all levels of the e¤ort cost during employment, consumption should decrease

during unemployment, be constant during disability, and drop upon disability.

Natural extensions of this paper would include variable job search e¤ort and moral

hazard on the job, as in Wang and Williamson (1996) and Zhao (2001). When search

e¤ort is variable, the planner has an additional challenge: to provide the incentives to

exert the right amount of e¤ort without luring the unemployed to quit. With moral

hazard on the job in the form of wages being conditional on the level of e¤ort exerted,

additional incentive constraints come into play.

Finally, numerical simulations of the model would be an interesting extension. With

a numerical solution to the planner�s problem it would be straightforward to simulate

examples of complex histories, which would further reveal the properties of the optimal

contract. Numerical simulations would also be appropriate to make quantitative com-

parisons with Hopenhayn and Nicolini (1997, 2004) and Diamond and Mirrlees (1978).

In a companion paper, Höglin (2008), I perform such simulations and show examples

where not only the qualitative di¤erences shown in this paper are present, but also how

large they are quantitatively.
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Appendix - Proofs

Proof of proposition 1. I prove the proposition by a sequence of Lemmas and

a corollary. First, I prove that (a) exactly one of either the truth telling constraint or

the no quitting constraint is binding in the employment problem. Then, I prove that

(b), given (a), both constraints in the unemployment problem are binding. Finally, I

prove that given (a) and (b), the truth telling constraint is the only binding constraint

in the employment problem.

Lemma A1 In the employment problem, either the no quitting constraint or the truth

telling constraint is binding.

Proof. This is a proof by contradiction in two steps. First, I show that neither of the

constraints being binding cannot be optimal and then that both being binding cannot

be optimal. Suppose neither are binding. Then, V e > V u > V d, �e = �u = 0; and by

the �rst order conditions (2.7) - (2.10),

C 0e (V
e) = C 0u (V

u) = C 0d
�
V d
�
= C 0e (V ) =) V e = V; (2.A.1)

where the implication follows from the strict convexity of Ce (�) : Using (2.6), (2.9), and
(2.19),

V d =
u (c)

1� �
: (2.A.2)

The promise keeping constraint together with (2.A.1) and (2.A.2) implies

V = V d (1� �) + �
�
(1� �) [�V + (1� �)V u] + �V d

	
< V u (1� �) + � f(1� �) [�V + (1� �)V u] + �V ug

= V u + �� (1� �) (V � V u) =) V u > V = V e; a contradiction.

Next, suppose both are binding. Then V e = V u = V d: The �rst order conditions (2.7)

- (2.10) with �e and �u being strictly positive now imply that

C 0e (V
e) > C 0e (V ) > C 0d

�
V d
�
:

This implies V e = V u = V d > V and, by (2.6), (2.9), and (2.19),

V e = V u = V d <
u (c)

(1� �)
:
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The promise keeping constraint is then V = u (c)+�V d > u (c)+�V =) V > u(c)
1�� =)

V > V d = V e; a contradiction. �
Lemma A2 If the truth telling constraint in the employment problem is binding when

employed in period t; it is also binding if still employed in period t+ 1:

Proof. If the truth telling constraint is binding, the no-quitting constraint is not, so

�e = 0: Then C 0e (V
e) = C 0e (V ) =) V e = V; so the contract is self generating. �

Lemma A3 If the no quitting constraint in the employment problem is binding when

employed in period t; it is also binding if still employed in period t+ 1:

Proof. Suppose towards a contradiction that no quitting binds at t but not at t+ 1:

Then, �e;t > 0; �u;t = 0 and �e;t+1 = 0; �u;t+1 > 0; and by (2.7) and (2.8)

C 0u (V
u
t ) < C 0e (V

e
t ) = C 0e

�
V e
t+1

�
< C 0u

�
V u
t+1

�
:

This implies, by convexity of the cost functions, that

V u
t+1 > V u

t and V
e
t+1 = V e

t :

Since the no quitting constraint binds at t; we have that

V e
t+1 = V e

t = V u
t :

The no quitting constraint does not bind at t+ 1; so the truth telling constraint binds

at t+ 1: Hence, V u
t+1 < V e

t+1 = V u
t ; a contradiction. �

Corollary A1. Either the no quitting or the truth telling constraint is binding the

entire employment spell.

Proof. Follows immediately from the three Lemmas above. �
Lemma A4 In the unemployment problem, if either the e¤ort constraint or the truth

telling constraint is binding, then both are.

Proof. Suppose that only the truth telling constraint binds. Then � > 0 and � = 0

and by (2.17)

C 0d
�
V d
�
< C 0u (V ) : (2.A.3)
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Let cd be consumption if disabled in the beginning of next period. Using (2.14) and

(2.19), (2.A.3) implies that

cd < c =) V d =
u
�
cd
�

1� �
<

u (c)

1� �

By (2.16) and (2.18), with � > 0

C 0u (V
u) > C 0u (V ) =) V u > V;

where the implication follows from strict convexity of Cu (�) : As the truth telling con-
straint is binding, V u = V d > V: Since � = 0 it follows that

� (1� �) p (V e � V u) > a;

and then

V = u (c)� a+ �
�
(1� �) [pV e + (1� p)V u] + �V d

	
> u (c) + �

�
(1� �)V u + �V d

	
= u (c) + �V d > (1� �)V d + V d = V d

But then V > V d; a contradiction. Hence, if � > 0 then � > 0: Suppose next that

� > 0 and � = 0: Then, by (2.17)

C 0d
�
V d
�
= C 0u (V ) : (2.A.4)

Again, using (2.14) and (2.19), (2.A.4) implies that

cd = c =) V d =
u (c)

1� �

Moreover,

V = u (c)� a+ �
�
(1� �) [pV e + (1� p)V u] + �V d

	
= u (c) + �

�
(1� �)V u + �V d

	
= V d (1� �) + �

�
(1� �)V u + �V d

	
> V u:

The last equation implies V d > V u; violating the truth telling constraint. Hence, if the

e¤ort incentive constraint is binding, so is the truth telling constraint. �
Lemma A5 In the unemployment problem, if the constraints bind in one period, they

bind in all subsequent periods during the unemployment spell.

Proof. Suppose the constraints bind when unemployed in period t with promise equal
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to V but not if still unemployed in t+1: The constraints being binding at t but not in

t+ 1 implies, by (2.15), (2.16), and (2.18)

C 0e (V
e
t ) > C 0u (V ) > C 0u (V

u
t ) = C 0u

�
V u
t+1

�
= C 0e

�
V e
t+1

�
:

Hence, by strict convexity of the cost functions

V e
t > V e

t+1 and V
u
t = V u

t+1:

The e¤ort constraint is binding in t but not in t+ 1: Hence,

� (1� �) p (V e
t � V u

t ) = a

� (1� �) p
�
V e
t+1 � V u

t+1

�
> a

But then V e
t+1 > V e

t ; a contradiction. �
Lemma A6 Consider an agent employed at time t with a value V such that the truth

telling constraint is binding in the employment problem. Then, if unemployed at t+1,

the constraints in the unemployment problem are binding.

Proof. Suppose towards a contradiction that the truth telling constraint is binding

when employed at t but the constraints in the unemployment problem are not when

unemployed in t+ 1. Then, V u
t = V d

t ; and, by (2.6), (2.7) and (2.8)

C 0d
�
V d
t

�
< C 0e (V ) = 1=u (c

e
t) :

Using (2.19) and the fact that consumption is constant after turning disabled,

V u
t = V d

t < u (cet ) = (1� �) :

Moreover with �e;t = 0 and �u;t > 0, by (2.7) and (2.8),

C 0u (V
u
t ) > Ce (V

e
t ) =) 1=u0

�
cut+1

�
> 1=u0 (cet ) :

where the implication follows from the envelope conditions in the employment and

unemployment problems: Since the constraints are not binding in t + 1; C 0u (V
u
t ) =

C 0u
�
V u
t+1

�
= C 0d

�
V d
t+1

�
=) V d

t+1 = u
�
cut+1

�
= (1� �) : Combining these three relations



APPENDIX - PROOFS 43

we have that V d
t+1 > V d

t = V u
t : The e¤ort constraint is slack in t + 1 and V

u
t+1 > V d

t+1

since the truth telling constraint when unemployed in t+ 1 is also slack. Therefore,

V u
t = u

�
cut+1

�
� a+ �

�
(1� �)

�
pV e

t+1 + (1� p)V u
t+1

�
+ �V d

t+1

	
> u

�
cut+1

�
+ �

�
(1� �)V u

t+1 + �V d
t+1

�
> u

�
cut+1

�
+ �V d

t+1 = V d
t+1 > V u

t ;

a contradiction. �
Lemma A7 Consider an agent employed at time t with a value V such that the no

quitting constraint is binding in the employment problem. Then, if unemployed at t+1,

the constraints in the unemployment problem are binding.

Proof. Suppose the agent is employed at time t with the no quitting constraint

binding and then unemployed in t+1 with no constraint binding. Then, by (2.7), (2.8)

and (2.10),

C 0e (V
e
t ) > C 0e (V ) > C 0u (V

u
t ) :

This implies V e
t = V u

t > V , by convexity of C 0e (�) and the fact that the no-quitting
constraint binds. Since C 0e (V ) > C 0u (V

u
t ) and V

u
t > V;

C 0e (V
u
t ) > C 0u (V

u
t ) :

No constraints being binding when unemployed at t+ 1 implies that

C 0e
�
V e
t+1

�
= C 0u

�
V u
t+1

�
= C 0u (V

u
t ) =) V u

t+1 = V u
t :

Hence C 0e
�
V e
t+1

�
< C 0e (V

u
t ) = C 0e

�
V u
t+1

�
=) V u

t+1 > V e
t+1, violating the e¤ort incentive

constraint while unemployed. �
Lemma A8 Only the truth telling constraint is binding in the employment problem.

Proof. Suppose towards a contradiction that the no-quitting constraint binds while

employed. Then V e
t = V u

t : Let the promises set in t+1 be without hats if unemployed

then and with hats if employed then. Then, if unemployed in t + 1, the truth telling

and e¤ort constraints are binding. Hence,

V u
t = u (cu) + �V u

t+1 = u (cu) + �V d
t+1:
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If still employed in t+1, the no quitting constraint is still binding, bV e
t+1 =

bV u
t+1 . Hence,

V e
t = u (ce) + �

h
(1� �) bV u

t+1 + �bV d
t+1

i
:

With a binding no-quitting constraint and a slack truth telling constraint, (2.7) (2.8)

(2.10) and (2.18) imply that

C 0e (V
e
t ) > C 0u (V

u
t ) =)

1

u0 (ce)
>

1

u0 (cu)

So ce > cu: Then

u (ce)� u (cu) = �V d
t+1 � �

h
(1� �) bV u

t+1 + �bV d
t+1

i
> 0

Since the no quitting constraint is the binding one while employed it follows thath
(1� �) bV u

t+1 + �bV d
t+1

i
> bV d

t+1:

The last two equations imply

V d
t+1 >

bV d
t+1:

The �rst order conditions however state that

C 0d

�bV d
t+1

�
= C 0e (V

e
t ) > C 0u (V

u
t ) > C 0d

�
V d
t+1

�
:

Convexity of the cost functions then imply V d
t+1 < bV d

t+1; a contradiction. �

Proof of proposition 2. The truth telling constraint during employment is bind-

ing. Thus

C 0e (V
e) = C 0e (V ) =) V e = V;

which by using the envelope condition with (2.6), means that

1

u0 (c)
=

1

u0 (ce)
;

so, by strict concavity of u (�) ; consumption is constant during the entire employment
spell. During unemployment, the truth telling constraint being binding implies that

� > 0: By (2.14), (2.17), and (2.18),

C 0d
�
V d
�
< C 0u (V ) =)

1

u0 (cd)
<

1

u0 (c)
=) V d <

u (c)

1� �
; (2.A.5)
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where cd denotes consumption in the next period if disabled then and where the the

last implication follows since
u
�
cd
�

1� �
= V d:

The incentive constraint for e¤ort implies that

V = u (c)� a+ �
�
(1� �) [pV e + (1� p)V u] + �V d

	
� u (c) + �

�
(1� �)V u + �V d

	
= u (c) + �V d;

where the last equality follows since the truth telling constraint is binding, V u = V d.

Note that by (2.A.5)

V � u (c) + �V d =) V > (1� �)V d + �V d = V d:

Hence

V > V d = V u:

Combining (2.14) and (2.18) repeatedly it follows that V u < V implies that consump-

tion is falling during the entire unemployment spell. Consumption being constant

during disability is trivial. �

Proof of proposition 3. During unemployment, since the e¤ort incentive con-

straint is binding and V u < V (see the proof of proposition 2) by (2.15) and (2.16)

C 0u (V ) < C 0e (V
e) ;

and this implies, by the envelope conditions in the two problems and the �rst order

conditions with respect to consumption, that c < ce: The truth telling constraint during

employment is binding. Then by (2.6), (2.8), (2.10) and (2.18),

1

u0 (cu)
>

1

u0 (c)
;

which means that consumption rise upon layo¤. If employed last period before turning

disabled, by (2.6), (2.9), (2.10), and (2.19),

1

u0 (cd)
<

1

u0 (c)
:
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If unemployed prior to turning disabled the same result is produced using (2.14), (2.17),

(2.18), and (2.19). �

Proof of proposition 4. During employment, the no quitting constraint is not

binding, so C 0e (V
e) = C 0e (V ) =) V e = V: This means that the problem is self gen-

erating, so all promised values remain the same during an employment spell. During

unemployment, proposition 2 showed that V > V u; so V u is decreasing during an un-

employment spell. By recursively applying the incentive constraint, which binds at the

optimum, as given by

V e = V u +
a

� (1� �) p
;

it can be inferred that V e has to decrease during the unemployment spell, as V u

decrease during an unemployment spell. As the truth telling constraint is binding, it

follows that V d has the same dynamics as V u: Finally, to prove that bene�ts conditional

on disability rise upon employment, consider an unemployed agent with promise V: The

planner awards him new promises fV e; V u; V dg, and it su¢ ces to prove that the agents
disability bene�ts are larger if he �nds a job and then becomes disabled than if he

becomes disabled immediately. Let V u
e be the promise to this agent if he �nds a job

and then becomes unemployed and V d
e .be the promise to the agent if he �nds a job

and then becomes disabled. By (2.7), (2.8), and (2.10),

C 0u (V
u
e ) > C 0e (V

e) :

Moreover, by (2.15), (2.16), and (2.18)

C 0e (V
e) > C 0u (V

u) :

Hence, by convexity of Cu (�), we have V u
e > V u: The truth telling constraint being

binding completes the proof, as V u
e = V d

e : �

Proof of proposition 5. This proposition is proved in several steps. Fist, I prove

that the truth telling constraint is always binding by showing that no constraint being

binding cannot be optimal and then showing that if the no-quitting constraint binds, so

does the truth telling constraint. I then show that promises for future unemployment is

never decreased during employment. Given these proofs, I then show that there exists
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an e > 0 such that it is not optimal to quit.

Lemma A9 In the employment problem, there exists an e > 0 such that at least one

of the no quitting constraint or the truth telling constraint is binding.

Proof. Suppose neither the no-quitting not the truth telling constraints are binding.

Then, V e > V u > V d, and by the �rst order conditions (2.7) - (2.10),

C 0e (V
e) = C 0u (V

u) = C 0d
�
V d
�
= C 0e (V ) :

This implies V e = V: Using (2.19) and (2.6),

V d =
u (c)

1� �
:

The promise keeping constraint implies

V = u (c)� e+ �
�
(1� �) [�V e + (1� �)V u] + �V d

	
< u (c)� e+ �V =)

V < (u (c)� e) = (1� �) =) V < V d;

a contradiction.

Lemma A10 If the no-quitting constraint binds, so does the truth telling constraint.

Proof. Suppose that the no-quitting constraint is the only binding constraint in the

employment problem in period t. Then V e
t = V u

t > V d
t ; and

C 0e (V
e
t ) > C 0d

�
V d
t

�
= C 0e (Vt) > C 0u (V

u
t ) :

This implies V d = u (ct) = (1� �) : If turning unemployed in the next period the truth

telling constraint is binding, and the value should the agent remain unemployed in t+2

is reduced. In other words V u
t+1 = V d

t+1 < V u
t : Moreover,

V d
t+1 �

u
�
cut+1

�
1� �

<
u (ct)

1� �
;

because consumption upon layo¤ drop if the no-quitting constraint is the only binding

constraint, as seen from (2.6), (2.8) and the envelope condition in the unemployment

problem. Now, this implies V u
t+1 � V d

t : The promise keeping constraint in period t+ 1

for an unemployed reads

Vt+1 = V u
t = u

�
cut+1

�
+ �V u

t+1 < u (ct) + �V u
t+1 = (1� �)V d

t + �V u
t+1 � V d

t ;
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violating the period t truth telling constraint. �
Lemma A11 Promises for future unemployment are never reduced during employment.

Proof. This is trivial since if the no-quitting constraint is slack, then V e = V and

hence V u remains constant during the whole spell while if the no-quitting constraint

binds V e = V u > V . �
Proposition 5 There exists an e > 0 such that the no-quitting constraint is not

binding.

Proof. Suppose he �nds out that he is employed at the beginning of period t: If he

quits directly, his utility from now on is V u
t . Alternatively, he can truthfully report to

be employed this period, quit in the beginning of next period, and earn a utility from

now on equal to bV = u (cet ) � e + �V u
t+1: Evidently, he postpones his quit if bV > V u

t :

Whether the no-quitting constraint is binding or not, it turns out that thee agent�s

future value of turning unemployed never decreases if he is employed another period.

In other words, V u
t+1 � V u

t : If we use the fact that the truth telling constraint is always

binding (V u = V d for any history), this implies that a su¢ cient condition for bV > V u
t ,

is

u (cet)� e+ �V u
t � V u

t () u (cet)� e � V d
t (1� �) = u

�
cdt
�
:

Now as consumption always drops upon disability, i.e. u (cet) > u
�
cdt
�
; there always

exists an e > 0 such that it is optimal to postpone the quit. Applying this principle

recursively, there exists an e > 0 such that the agent never quits. �

Proof of proposition 6. When the e¤ort cost of working is high, the planner has

to compensate the employed in order to abstain him from quitting. The compensation

pushes consumption upwards more for higher e; and because decreasing marginal utility

implies increasing marginal cost of delivering a util, there has to be a high enough e

such that it is no longer optimal to give strictly more to an employed than to an

unemployed. The proof that no constraint can be binding is the same as before, so if

the truth telling constraint is slack, the no quitting constraint is binding. Suppose that

the no-quitting constraint is the only binding constraint in the employment problem in
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period t. Then V e
t = V u

t > V d
t ; and

C 0e (V
e
t ) > C 0d

�
V d
t

�
= C 0e (Vt) > C 0u (V

u
t ) :

This implies V d = u (ct) = (1� �) : If turning unemployed in the next period the truth

telling constraint is binding, and the value should the agent remain unemployed in t+2

is reduced. In other words V u
t+1 = V d

t+1 < V u
t : Moreover,

V d
t+1 �

u
�
cut+1

�
1� �

<
u (ct)

1� �
;

because consumption upon layo¤ drop if the no-quitting constraint is the only binding

constraint. Now, this implies V u
t+1 � V d

t : The promise keeping constraint in period t+1

for an unemployed reads

Vt+1 = V u
t = u

�
cut+1

�
+ �V u

t+1 < u (ct) + �V u
t+1 = (1� �)V d

t + �V u
t+1 � V d

t ;

violating the period t truth telling constraint. �

Proof of proposition 7. When the no-quitting constraint is binding, (2.6), (2.7),

and the envelope condition in the employment problem (2.10) imply that.

1

u0 (ce)
= C 0e (V

e) > C 0e (V ) =
1

u0 (c)
:

The rest of the proposition is the same as in the proof of proposition 2.

Proof of proposition 8. As the truth telling constraint is still binding in both

problems, the fact consumption upon disability drops can be proved in the same way

as in proposition 3. Also, as there is no change in the structure of binding constraints

in the unemployment problem, the fact that consumption rises upon employment is

also proved as in proposition 3. It is not possible to show either that consumption rises

or falls upon layo¤, so either could be true.

Proof of proposition 9. When the no-quitting constraint is binding, (2.7) implies

that C 0e (V
e) > C 0e (V ) : Convexity of Ce (�) then assures that V e > V: the binding no

quitting constraint and truth telling constraints implies V e = V u = V d so all values

move in tandem. During unemployment, the results remain from the preceding section,

an the proof is identical to that in proposition 4. To prove that bene�ts conditional on
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disability rise upon job �nding is easy since both the truth telling and the no-quitting

constraint is binding, in combination with the binding incentive constraint for e¤ort.

Consider an unemployed agent with promise V: The incentive constraint assures that

V e > V u, and when having found a job V e
e = V u

e = V d
e > V e > V u = V d; where V e

e is

the promise for employment if the agent found a job, and V u
e and V

d
e are the promises

conditional on unemployment and disability for the agent that has found a job. As

V d
e > V d the agent who �nds a job and then becomes disabled then gets higher bene�ts

than if he got disabled immediately. �



CHAPTER 3

Optimal Unemployment and Disability Insurance: Allocations,

Welfare Gains, and the E¤ectiveness of Self Insurance

Erik Höglin

Abstract. This paper asks what are the quantitative implications of the optimal

unemployment and disability insurance system. Unemployment insurance bene�ts

are slowly decreasing during an unemployment spell. Disability insurance bene�ts

increases in the number of periods as unemployed if the unemployment spells are

shorter than of average length, and decreases if unemployment spells are longer. A

stationary distribution of consumption exhibits much less variation in the optimal

system than in the current one. Moreover, the optimal contract is not well replicated

by the current system, making the potential cost savings from moving to the opti-

mal system large, amounting to about 15 percent. Finally, self insurance through a

riskless bond is relatively e¤ective: an agent is willing to give away no more than the

equivalent of 6 weekly wages in order to join the planner�s system.

3.1. Introduction

Unemployment and disability are important sources of income �uctuations. Individ-

uals facing such risks demand insurance to smooth consumption. However, private

insurance and capital markets have proved to provide insu¢ cient unemployment and

disability insurance. For example, Gruber (1997) reports a 20 percent average drop

in consumption upon unemployment for workers not eligible for governmental unem-

ployment insurance. The failure of private markets may be explained by informational

asymmetries leading to adverse selection problems. Governments are able to overcome

adverse selection by simply developing mandatory insurance systems. Indeed, govern-

mental social insurance programs are important in most industrialized countries. In

the United States, the cost of the unemployment insurance system was $39 billion in

0 I am grateful to Martin Flodén, Lars Ljungqvist, and Henrik Lundvall for useful comments and
suggestions. Financial support from the Jan Wallander and Tom Hedelius foundation is gratefully
acknowledged.
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52 Optimal Unemployment and Disability Insurance

2003 (Feldstein, 2005). The outlays on disability insurance even surpasses that amount,

being $61 billion already in 2001 (Golosov and Tsyvinski, 2006).

Providing governmental insurance is by no means unproblematic. At the core are

moral hazard problems: with job search e¤ort being unobservable, unemployed might

search less than what is desirable. Unemployment insurance is therefore believed to in-

crease unemployment (Katz and Meyer, 1990; Carling et al, 2001). Disability insurance

has similar problems. Determining if a claimant is really disabled is an almost impossi-

ble task, especially since many applying for disability insurance have di¢ cult-to-verify

conditions, such as mental disorders and back pain. Although hard to measure, previ-

ous studies such as Gruber (2000) and Author and Duggan (2003) have indeed found

excessive claims in the disability insurance system.

Motivated by these private information considerations, Shavell and Weiss (1979)

and Diamond and Mirrlees (1978) provided the seminal contributions to the �eld of

optimal social insurance theory under asymmetric information. Shavell and Weiss

(1979) used a one spell model with unobservable job search e¤ort and unemployment

insurance bene�ts as the only policy instrument to ask how unemployment insurance

bene�ts should evolve over time. They concluded that in order to provide the proper

incentives to exert search e¤ort, consumption should decrease during an unemploy-

ment spell. Hopenhayn and Nicolini (1997) extended the analysis to include a second

policy instrument, a tax upon employment, and showed that not only should consump-

tion decrease with the length of the unemployment spell, but so should consumption

in future employment. They also generalized the proposition of declining consump-

tion during unemployment to a model with multiple spells in Hopenhayn and Nicolini

(2004). The intuition is that to minimize consumption variance and still provide in-

centives to search, the planner gradually lowers the consumption in all future states

during an unemployment spell.

In their seminal paper on optimal disability insurance, Diamond andMirrlees (1978)

assumed that whether an agent is disabled or not is private information. Under this as-

sumption, they showed that consumption should increase up to the point of disability,

decrease upon disability, and then remain constant. They also proved an important
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proposition of history dependence: the later an individual becomes disabled, the higher

his disability bene�ts should be. The drop in consumption when turning disabled is

needed to abstain able workers from prematurely claiming to be disabled. The rea-

son why future disability bene�ts rise with tenure is more complex, but similar to

why consumption upon employment fall with increased unemployment spell length in

Hopenhayn and Nicolini (1997, 2004). The planner optimally makes an agent indif-

ferent between becoming disabled and remaining able. To ensure that the agent does

not claim to be disabled, conditional on future ability, an award for tenure becomes

necessary. As agents are risk averse, this reward is optimally delivered in all future

states. Hence, disability bene�ts are higher for agents becoming disabled after a longer

history of job tenure.

None of the papers above analyzed the interdependence between unemployment

and disability insurance. Empirically, important interactions between the systems are

well documented. Gruber (2000) �nds that disability insurance reduces labor supply;

workers unable to �nd work opt for disability insurance rather than unemployment

insurance, and hence leave the labor force. Moreover, Autor and Duggan (2003) report

that mid 1980�s U.S. unemployment was signi�cantly reduced by the presence of dis-

ability insurance. The mechanism suggested in these papers is straightforward. When

it is di¢ cult to infer the actual state of an agent having access to a veritable menu

of social insurance programs, the agent does not necessarily chose the program that

re�ects his true state, but rather the program maximizing his well being.

In Höglin (2008), I merge Hopenhayn and Nicolini�s (2004) multiple spells model

with a simpli�ed version of Diamond and Mirrlees (1978) in order to address the inter-

actions between the systems. The falling consumption during unemployment is robust

to the introduction of disability in the model, and the intuition is the same as in Shavell

and Weiss (1979) and Hopenhayn and Nicolini (1997, 2004). The results concerning

optimal unemployment insurance however di¤ers qualitatively from Shavell and Weiss

(1997) and Hopenhayn and Nicolini (1997,2004) in one respect because the planner

has to induce an agent to tell the truth. Speci�cally, to avoid unemployed to prema-

turely claim disability, the planner o¤ers a reward for truth telling by replacing more
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than 100 percent of the past consumption during the �rst period of the unemployment

spell. Without disability, i.e. in Hopenhayn and Nicolini (2004), the replacement rate

is exactly 100 percent.

The optimal disability insurance is also altered in a non trivial way by the prevalence

of unemployment. Every period an agent is unemployed, his promised value in all future

states should be reduced, for the same reason as the increasing employment tax in

Hopenhayn and Nicolini (1997, 2004). Therefore, disability insurance bene�ts decrease

during an unemployment spell. If an agent �nds a job however, he is rewarded in all

future states, which implies higher future disability bene�ts. These two opposing forces

makes it impossible to analytically prove if disability bene�ts increase or decrease with

periods of past unemployment. It suggests however that an agent�s disability bene�ts

are higher if he has many short spells compared to few long spells.

The purpose of this paper is threefold. First, I study the quantitative aspects of the

joint system of insurance against unemployment and disability insurance and compare

it to the existing literature by numerically calculating the optimal contract in Höglin

(2008). Second, I compute the welfare gains associated with moving from the current

system to the optimal one. Finally, I provide a measure of the e¤ectiveness of self

insurance compared to the planner�s insurance capabilities.

To inquire the quantitative aspects of the joint system of insurance against un-

employment and disability insurance, I numerically calculate the optimal contract in

Höglin (2008). In this exercise it is possible to address several questions that Höglin

(2008) could not answer. How fast should unemployment bene�ts fall during a spell?

Should disability bene�ts be higher for an agent becoming disabled early than for one

becoming disabled late? Does repeated spells of unemployment deteriorate future dis-

ability bene�ts? I also perform quantitative comparisons with Hopenhayn and Nicolini

(1997, 2004) that shed further light on how the joint system di¤ers from one considering

only unemployment insurance.

The optimal insurance system against unemployment and disability features a high

degree of consumption smoothing over time and across states, as compared to the

current U.S. system. The initial unemployment insurance replacement rate is only
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marginally above 100 percent, dropping below 100 percent within a month, but one

year into a spell of unemployment, bene�ts are still so high that the replacement rate

is above 96 percent. In other words, the fall in the unemployment insurance bene�ts

is quantitatively small. In the optimal contract, disability bene�ts are higher if the

agent�s history includes many short spells of unemployment than if it includes few

long spells, for a given number of periods unemployed prior to becoming disabled.

Moreover, if the agents� spells are around or below average length, unemployment

tends to increase future disability insurance bene�ts while if they are of above average

length, the opposite is true. The quantitative e¤ects are substantial; an agent with

many short spells of unemployment is awarded more than 10 percent higher disability

bene�ts than an agent with the same number of total periods as unemployed, but with

fewer and longer spells.

In addition to these questions concerning a single agent, I also simulate a large

population of individuals to obtain a stationary distribution of consumption. I can

then calculate moments of that stationary distributions and compare them to moments

re�ecting the current system as well as to the distribution implied by autarky. By

doing this, it is possible to �nd out, for example, if consumption inequality is higher or

lower in the optimal system than in the current one. Indeed, the standard deviation

of consumption is much smaller in the optimal system compared to the current U.S.

system, being twice as large in the current system as in the optimal one.

I measure the welfare gains associated with moving from the current system to

the optimal one by comparing the costs of delivering the value of the current system

optimally to the cost of the current system. The costs of delivering the value of the

current system optimally is 15 percent lower than the cost of the current system. The

source of this increased e¢ ciency in the optimal system comes entirely from increased

consumption smoothing. The model features a binary choice of searching if unem-

ployed. Agents �nd it optimal to search in the optimal contract, by construction, but

also in the current system. Moreover, it is not optimal to claim a false state, neither in

the current nor in the optimal system. Hence, the aggregate and individual dynamics

over states are the same in the current and the optimal system. This implies that the
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cost reductions stem only from increased consumption smoothing. To the extent that

variations along an intensive margin of job search is important, the calculated welfare

gains of the optimal system could be even higher in such an environment. Whether

this is actually the case is left for future research however.

Following Hopenhayn and Nicolini (1997) and, more recently, Pavoni and Violante

(2007), cost reductions are used to measure the welfare gains of moving to the opti-

mal system. A natural alternative would be consumption equivalents, as is standard

when measuring the welfare costs of business cycles (e.g. Lucas, 1987). However, pri-

vate information makes the consumption equivalents method di¢ cult to implement.

Speci�cally, if consumption is increased in every state, the agents� behavior might

change. Therefore, measuring welfare gains by cost reductions is a more straightfor-

ward method.

The �nal purpose of this paper is to provide a measure of the e¤ectiveness of self

insurance. Self insurance is a natural alternative to the planner�s system. Borrowing

constrained agents are not able to achieve the planner�s consumption allocation as

the planner has the ability to borrow. To measure the planner�s ability and thus the

e¤ectiveness of self insurance, I compute the wealth level a newborn has to have in

order to be indi¤erent between the planner�s system and self insurance. It turns out

that for initial wealth levels below 6 weekly wages, a newborn agent prefers to forgo

his wealth and join the planner�s balanced budget system.

The paper is organized as follows. First, the next three sections describe the envi-

ronment, the planner�s problem, and the calibration. Section 3.5 calculates the value

of living in the current U.S. system. Section 3.6 then shows example consumption

dynamics, explains how the prevalence of disability a¤ects the optimal unemployment

insurance and how unemployment a¤ects the optimal disability insurance. In section

3.7, I simulate a large population over a long time horizon and analyze a stationary

distribution over consumption. Section 3.8 calculates the cost of the current system

as well as the cost reductions associated with moving to the optimal system and sec-

tion 3.9 discusses the sources of these cost savings. Finally, section 3.10 studies the

e¤ectiveness of self insurance and section 3.11 concludes.
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3.2. The Economy

The economy is populated by a measure one of risk averse agents. In each period,

an agent can be employed, unemployed or disabled. All agents are born employed

and face a constant per period probability of dying equal to  ; and a measure  

of agents are born each period, so that the population is constant. If employed, an

agent earns a constant wage w > 0, while if unemployed or disabled he earns no

income. Disability is an absorbing state, but disabled face death risk too. In contrast,

employed and unemployed can transition between employment and unemployment as

well as into disability and death. Speci�cally, an unemployed becomes disabled with

per period probability � and can gain employment by exerting search e¤ort. He can

either choose a > 0 or zero search e¤ort. If search e¤ort is a; the probability of gaining

employment is p; conditional on not dying or becoming disabled. If search e¤ort is

zero, an unemployed remain so with probability one, again conditional on not dying or

turning disabled. Employed agents face the same probability of becoming disabled as

unemployed and maintain employment with exogenous probability �; if not dying or

becoming disabled. Quits are possible. E¤ort is assumed to be costly in utility terms.

Following Hopenhayn and Nicolini (1997), the preferences of an agent are ordered by

E
1X
t=0

�t [u (ct)� at] ;

where ct is consumption, u (�) is strictly increasing, strictly concave, twice continuously
di¤erentiable and � � b� (1�  ) 2 (0; 1) is the e¤ective discount factor, including the
pure time discount factor b� as well as the survival probability (1�  ). Assume also

that u (0) is well de�ned. No e¤ort is required to maintain employment, so at is zero

during employment and disability. All the results remain if we introduce an e¤ort cost

of employment, provided it is su¢ ciently small.

The agents can neither save nor borrow. Lack of access to capital markets in

combination with risk aversion will constitute scope for improvement upon the autarky

equilibrium by a social planner that has the ability to transfer resources over time and
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across agents.1 I assume that such a planner has unlimited access to a perfect capital

market, where he can borrow and lend at a constant gross interest rate equal to ��1.

The current state of an agent is unobservable but income is observed by the planner.

Hence, an employed cannot state unemployment or disability. An employed can quit

however, rendering him in a situation identical to one that got laid o¤. The planner

cannot distinguish quits from layo¤s. E¤ort while unemployed is also unobservable.

The optimal contract must induce an employed never to quit, unemployed and disabled

not to lie, and unemployed to exert e¤ort to become employed.

The evolution of the measure of employed, unemployed and disabled and the cor-

responding steady state values of these statistics will be important for the calibration

and when computing the stationary distribution in section 3.7. Let Et be the time t

measure of employed agents and de�ne Ut and Dt analogously. The measure of each

type of agent evolve according to the di¤erence equations

Et =  + (1�  ) (1� �)�Et�1 + (1�  ) (1� �) pUt�1; (3.1)

Ut = (1�  ) (1� �) (1� �)Et�1 + (1�  ) (1� �) (1� p)Ut�1; (3.2)

Dt = (1�  ) �Et�1 + (1�  ) �Ut�1 + (1�  )Dt�1: (3.3)

I will use the steady state version of these equations to calibrate transition proba-

bilities consistent with observed long run averages of, for example, the unemployment

rate.

3.3. The Planner�s Problem

The planner�s problem is to specify history dependent transfers and e¤ort recommen-

dations to minimize the cost of giving the agent a speci�ed value V . Relying on the

revelation principle, I restrict attention to contracts where the planner would like the

1 Lack of access to any market for borrowing or lending is unrestrictive as long as an agent�s
savings can be costlessy monitored by the planner, or, equivalently, as long as the planner can control
the agent�s consumption. Extending the analysis to include hidden savings is not straightforward.
Kocherlakota (2004) describes the technical di¢ culties in using the recursive constract methodology
when a hidden state variable such as savings can take on a continuum of values. Motivated by these
di¢ culties, I abstract from hidden savings. Werning (2002) and Mitchell and Zhang (2007) studies the
role of hidden savings in optimal unemployment insurance under some functional forms assumptions.
In section 10, I analyze self insurance by allowing for observable savings.
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agents to tell the truth. Furthermore, I assume that the primitives of the model, includ-

ing the initial promised value, are such that the planner would like to induce positive

search e¤ort. The planner collects reports on state in each period and makes history

dependent transfers in order to induce no quitting, truth telling, and e¤ort if the agent

is unemployed. The timing of the contract within each period is:

(1) The agent learns his state and reports a state to the planner.

(2) Conditional on the history of reports, including the current period, the planner

sets up a consumption level and promises for each possible future state.

(3) If the agent is unemployed, he chooses to exert search e¤ort or not, which

determines his probability distribution over next period�s state.

If the promised value for a given state is V , the planner chooses current consumption

c, and promises V e; V u; and V d for each possible future state. Here, V e is the expected

utility from next period on, should the agent be employed then, and V u and V d are

de�ned analogously. In order to deliver the promise, the planner has to set c; V e; V u;

and V d such that an agent�s expected utility equals V . In addition, the contract must

involve combinations of V e; V u; and V d that makes it optimal for an agent not to quit,

not to lie, and to search if unemployed. The value of the planner�s problem when the

agent has reported to be employed is Ce (V ) ; and denotes the minimal cost of delivering

the value V to an agent currently employed. Corresponding cost functions when an

agent is unemployed or disabled, Cu (�) and Cd (�) ; are de�ned analogously.

3.3.1. Employed. Suppose an agent is employed and has a promised value equal

to V: The optimal contract then solves the Bellman equation:

Ce (V ) = min
c;V e;V u;V d

�
c� w + �

�
(1� �) [�Ce (V

e) + (1� �)Cu (V
u)] + �Cd

�
V d
�		

;

where the minimization is subject to

V = u (c) + �
�
(1� �) [�V e + (1� �)V u] + �V d

	
; (3.4)

V e � V u; (3.5)

V u � V d: (3.6)
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Here, (3.4) is the promise keeping constraint, and (3.5) is the no quitting constraint

that makes sure that an agent does not quit if still employed in the beginning of next

period. Also, (3.6) is the truth telling constraint that assures that if unemployed next

period, the agent will report so.

Höglin (2008) proves that in this environment, the no-quitting constraint (3.5) is

slack whereas the truth-telling constraint (3.6) is binding. The reason is that since the

incentive problems are bygones once an agent has truthfully claimed disability, it is

cheap for the planner to give such an agent as much utils as possible, provided unem-

ployed or employed are not given incentives to falsely claim disability. This is achieved

by letting the truth telling constraint be binding. A similar reasoning applies for the

no-quitting constraint. The planner has many incentive issues with an unemployed

agent; he is to be given incentives to search and not to claim disability. This calls for

a lot of variation in consumption and promised values, an admittedly expensive policy

for the planner. The planner has less incentive problems with a currently employed

agent, so the marginal cost of delivering utils to such an agent is lower than to an un-

employed. This makes the no-quitting constraint become slack, since it calls for giving

more utils to the employed than to the unemployed.

With a slack no-quitting constraint and a binding truth telling constraint, promised

values satisfy

V e = V > V u = V d � bV :
So the problem may be stated as

Ce (V ) = minbV <V
n
c� w + �

n
(1� �)

h
�Ce (V ) + (1� �)Cu

�bV �i+ �Cd

�bV �oo ; (3.7)
where

c = u�1
�
V � �

n
(1� �)

h
�V + (1� �) bV i+ �bV o� :

3.3.2. Unemployed. If an agent has reported unemployment and his promised

value in this state is V , the optimal contract is characterized by the solution to the

dynamic program:

Cu (V ) = min
c;V e;V u;V d

�
c+ �

�
(1� �) [pCe (V

e) + (1� p)Cu (V
u)] + �Cd

�
V d
��	

;
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where the minimization is subject to

u (c)� a+ �
�
(1� �) [pV e + (1� p)V u] + �V d

	
= V; (3.8)

� (1� �) p [V e � V u] � a; (3.9)

V u � V d: (3.10)

Here, (3.8) is the promise keeping constraint and (3.9) is the incentive compatibility

constraint inducing e¤ort. The incentive compatibility constraint makes sure that it is

optimal for the unemployed to exert search e¤ort. Finally, in order for an unemployed

not to claim to be disabled, a truth telling constraint like (3.10) has to be satis�ed.

The structure of binding constraints is similar to that in the employment prob-

lem. The truth telling constraint is binding for the same reason as in the employment

problem. The incentive constraint is also binding; forces that calls for consumption

smoothing dictates that it is not optimal to vary values across future state to a greater

extent than what makes it worthwhile to exert search e¤ort. Promised values then

satisfy

V e = V u +
a

� (1� �) p
> V u = V d � bV :

Moreover, Höglin (2008) proves that bV < V . Hence, the problem can be rewritten to

include a single control variable. The Bellman equation becomes,

Cu (V ) = minbV <V
n
c+ �

h
(1� �)

h
pCe (V

e) + (1� p)Cu

�bV �i+ �Cd

�bV �io ; (3.11)

where

c = u�1
�
V + a� �

n
(1� �)

h
pV e + (1� p) bV i+ �bV o� ;

and

V e = bV + a

� (1� �) p
:
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3.3.3. Disabled. Disability is an absorbing state. The incentive problem between

the planner and the agent are then bygones once an agent has truthfully reported to

be disabled. It is then optimal for the planner to award the agent a constant level

of consumption that delivers the promised value. Let this transfer be cd, which is

implicitly de�ned by

V =
u
�
cd
�

1� �
:

The cost to the planner is then

Cd (V ) =
cd

1� �
=
u�1 (V (1� �))

1� �
:

Before proceeding to the calibration and solution of the model, we note that since in

all states it is equally good for an agent to become disabled as to become unemployed,

there is no reason for a disabled to falsely claim to be unemployed. If a disabled did

do so, he would be worse o¤ than by telling the truth, since he could never reach

employment.

3.4. Calibration

The model period is assumed to be one week, and the pure time discount factor is

set to :999. Following Ljungqvist and Sargent (1998), I assume that the individual

spends an average of 42.7 years in the model before retiring and leaving the model,

that is, before dying. This makes the weakly survival probability equal 1� :00045 and
� = :999�(1� :00045) = :99855: Based on Meyer (1990), I set the probability of gaining

employment, conditional on job search, to :1, which makes the average unemployment

spell last for 10 weeks. This is also the value that Hopenhayn and Nicolini (1997)

target in their calibration.

Using the system (3.1) - (3.3), the values of � and  yields the steady state measure

of disabled. Meyer and Mok (2006) use the Panel Studies of Income Dynamics to

calculate that 20 percent of U.S. male household heads are disabled and that one �fth

of those are severely and chronically disabled. Based on their estimate, I calibrate �

so that, given  = :00045, the steady state measure of disabled equals 4 per cent of

the population. The �nal transition parameter is �, the probability of keeping the job
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if employed. Using (3.1) - (3.3), I set � so that the steady state unemployment rateeu � U= (E + U) equals 5.5 per cent. This implies that the probability of lay o¤ (1� �)

equals :00585, so that an agent on average keeps a job for 3.3 years.

In order for the analysis to be comparable to Hopenhayn and Nicolini (1997), I

adopt their constant relative risk aversion utility function, u (c) = c1��= (1� �), with

� = :5. Furthermore, w is normalized to 100. The last parameter is a, the e¤ort cost of

searching for a job. As a baseline, I set a such that a newly unemployed in the current

system (described in the next section) is indi¤erent between exerting search e¤ort or

not. This turns out to imply a = 65; and constitutes an upper bound on what search

e¤ort costs can be if search is to be optimal within the current system.

3.5. The Value of the Current System

The agent�s initial value is primitive to the model. Given the parameters above, it

is possible to calculate the value to the agent of the current system. This value will

then be delivered in the optimal way, and comparisons to the actual system in terms

of consumption pro�les and cost reductions are possible.

Following Hopenhayn and Nicolini (1997), I assume that an unemployed gets 66

percent of his pre unemployment wage for 26 weeks of unemployment and nothing

thereafter. If becoming disabled, the agent is awarded 40 percent of his wage when

lastly employed. This �gure is used in Golosov and Tsyvinski (2006). I assume that

no history dependent taxes upon employment are used in the current system. Finally,

once an agent is employed, his value if becoming laid o¤ is the same regardless of his

history.

The value of a disabled agent is then

eV d =
u (40)

(1� �)
:

Let eV u (t) be the value of an unemployed agent with t weeks of unemployment

insurance bene�ts entitlements, living in the current system and behaving optimally.

The value of an agent with exhausted unemployment bene�ts is then

eV u (0) = max
n
u (0)� a+ �

n
(1� �)

h
peV e + (1� p) eV (0)i+ �eV d

o
; eV d

o
;
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where the max operator re�ects the possibility to claim to be disabled.2 For t 2
f1; 2; :::26g ;

eV u (t) = max
n
u (66)� a+ �

n
(1� �)

h
peV e + (1� p) eV u (t� 1)

i
+ �eV d

o
; eV d

o
:

Finally, the value of an employed is given by

eV e = max
n
u (100) + �

n
(1� �)

h
�eV e + (1� �) eV u (26)

i
+ �eV d

o
; eV u (26) ; eV d

o
:

The current system promises eV e to a newborn. In the proceeding analyses, the

planner will deliver eV e; but within the optimal system. The agents will thus be given

the same expected lifetime utility as in the current system, but the planner will save

costs. The costs reductions can then serve as a measure of the e¢ ciency loss from the

current system and will be calculated in section 3.8. Note that the current system does

not have a balanced budget. On the contrary, a positive budget is needed in order

for the current system to be able to deliver eV e: Since I will ask the optimal system to

deliver eV e later, the optimal system is, a priori, not a balanced budget system either.

3.6. Single Agents

Within the environment of Hopenhayn and Nicolini�s (1997) one spell model, single

agent analyses is the only viable option for numerical examples. In this section, I

study single agents�outcomes within the optimal contract of this paper and compare

them to Hopenhayn and Nicolini (1997). In addition, I numerically solve Hopenhayn

and Nicolini�s (2004) model of multiple spells to be able to single out if the di¤erences

depend on the one spell nature of the contract or on the introduction of disability in

the model. I also compare the di¤erence in unemployment insurance bene�ts between

the optimal system delivering the value of the current system and the optimal balanced

budget system.

The purpose of this section is not only comparisons to the previous literature; the

single agent analyses shed light on the contract the agent is faced with and questions

important in their own right, such as the e¤ect of unemployment on future disability

insurance bene�ts, can be inquired for di¤erent example histories.

2 Given how a is calibrated, this option is never exerted however.
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3.6.1. Consumption pro�les. From Höglin (2008), consumption should be con-

stant during an employment spell, decreasing during unemployment, and constant

after an agent has turned disabled. With the no-quitting constraint being slack in the

employment problem, there is no way in which the planner has to vary consumption

during an employment spell in order for the employed agent not to quit. Therefore, the

agents�strictly concave utility function prescribes that the cheapest way for the plan-

ner to deliver utils is a constant sequence of consumption during an employment spell.

During unemployment, the planner faces a completely di¤erent situation. It is crucial

to provide the right incentives so that an unemployed agent searches for new jobs. The

e¢ cient way to provide such incentives is a falling sequence of consumption during

unemployment, a well known result already from Shavell and Weiss (1979). Moreover,

consumption should go up when an agent is laid o¤ and when he �nds a new job, but

drop if he turns disabled. The drop upon disability is a natural way to make sure that

no agent falsely claims disability. The upward jump upon layo¤ is a reward for telling

the truth, abstaining the recently unemployed from claiming disability prematurely.

Figure 3.1 shows examples of consumption pro�les for two agents experiencing

di¤erent employment histories. The solid line represents the more unlucky of the

two. He is employed for some 40 periods, gets laid o¤, and �nds a new job almost

immediately. The planner then awards him for the job �nding, so his consumption is

higher during his second employment spell than in his �rst. However, come another 50

periods of job tenure, he is laid o¤to experience a relatively long spell of unemployment.

During this unemployment spell, consumption falls and when he �nally �nds a new job,

unemployment has deteriorated his promised value for employment to the extent that

consumption as employed is lower than during his last employment spell. During the

almost 10 years we observe in this �gure, he further experiences one more long spell of

unemployment and three shorter spells.

The agent represented by the dashed line is more lucky. He experiences no spell of

unemployment long enough to depress consumption enough so that it is lower when he

�nds a new job as compared to his last employment spell. Instead he has several short

spells that increase his consumption as employed when he returns to employment.
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Figure 3.1. Examples of Consumption Dynamics.

Figure 3.1 starkly illustrates history dependence in consumption. As these agents

experience di¤erent histories, consumption is a¤ected in all future states. As a conse-

quence, they consume di¤erently in both employment and unemployment depending

on their history. Moreover, as history evolves, the di¤erence between the lucky and the

unlucky agent�s consumption grows. The growing inequality over time illustrates the

planner�s way of providing incentives to an unemployed. For every period an agent is

unemployed, consumption in all future states is reduced to provide incentives to avoid

prolonged unemployment.

Figure 3.2 depicts the consumption pro�les for two agents who eventually become

disabled. The solid line shows consumption for an agent who experiences one long

and several short spells of unemployment before turning disabled after slightly less

than 4 years. Upon becoming disabled, consumption drops substantially, from 97 to

around 60 units of the single good, or by almost 40 percent. The dashed line depicts
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Figure 3.2. Consumption for the Disabled.

consumption for an agent who has a longer history of employment and unemployment

before becoming disabled. Despite becoming disabled much later than the other agent,

and having more periods of employment in his history prior to disability, he is awarded

lower bene�ts upon turning disabled. This is in contrast to Diamond and Mirrlees�s

(1978) proposition that disability insurance bene�ts should be higher the later an

agent becomes disabled. In Höglin (2008), there are two opposing forces that makes

it analytically unclear if disability bene�ts should be higher or lower for an agent

becoming disabled early as opposed to late. In this particular example, the agent

becoming disabled early is awarded higher bene�ts than the one getting disabled late.

A more general analysis of this property follows in subsection 3.6.3.

3.6.2. Disability�s e¤ect on the optimal unemployment insurance. Com-

paring the qualitative results in Höglin (2008) to those in Hopenhayn and Nicolini

(1997, 2004) reveals only one di¤erence: the above 100 percent replacement rate found
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optimal in Höglin�s environment with risk of premature disability claims. This is not

to say that the systems are identical. There might be quantitative di¤erences that are

substantial. To �gure out if this is the case, table 3.1 compares this model�s unem-

ployment insurance to Hopenhayn and Nicolini (1997) as well as to Hopenhayn and

Nicolini (2004). Unemployment insurance bene�ts rise upon layo¤, becoming only

slightly above 100 percent of consumption prior to layo¤. During the unemployment

spell, consumption decreases at a slow and relatively constant rate. Unemployment

bene�ts becomes lower than consumption prior to layo¤ after about one month. As far

as a year into the unemployment spell, bene�ts are almost 97 percent of consumption

prior to layo¤.

The optimal unemployment bene�ts during a spell are not that di¤erent from nei-

ther Hopenhayn and Nicolini (1997) nor Hopenhayn and Nicolini (2004). The di¤erence

between Hopenhayn and Nicolini (2004), that is, the third column of table 3.1, and

this model, as represented in the �rst column of table 3.1, is that the probability of

becoming disabled is zero in the former. Without disability, the initial unemployment

insurance bene�t level is exactly equal to consumption prior to layo¤, as proved in

Hopenhayn and Nicolini (2004) and discussed in Höglin (2008). The upward jump

upon layo¤ that appears in this paper is a reward for telling the truth, abstaining

the recently unemployed from claiming disability prematurely. As is obvious from

inspection of column 1 of table 3.1, the truth telling award is not quantitatively sub-

stantial, being only .14 percent higher than the model without disability. Other than

this small level e¤ect, unemployment bene�ts within a spell follows the same pattern

as a model without disability closely. Bene�ts decline at approximately the same rate,

and the level of the bene�ts is higher than in the current system, even for long lasting

unemployment spells.

There are also relatively small di¤erences compared to Hopenhayn and Nicolini�s

(1997) one spell model. In column 2 of table 3.1, Hopenhayn and Nicolini�s (1997)

simulation results are reproduced. The level is lower than in Hopenhayn and Nicolini

(2004), but quantitatively, the di¤erences are small. Also in this model, bene�ts are

high and decline slowly.
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Table 3.1. Optimal Unemployment Insurance

Replacement rate
Weeks of unemployment Model H&N (1997) H&N(2004) Balanced Budget

1 100.14 99.0 100.00 100.14

2 100.08 98.9 99.93 100.08

3 100.01 98.8 99.87 100.01

4 99.94 98.7 99.80 99.94

5 99.88 98.6 99.74 99.88

6 99.81 98.5 99.67 99.81

7 99.75 98.4 99.61 99.74

8 99.68 98.3 99.54 99.67

12 99.42 97.9 99.28 99.41

16 99.16 97.5 99.02 99.14

26 98.51 96.5 98.37 98.47

52 96.82 94.0 96.68 96.72

Finally, the 4th column of table 3.1 depicts the optimal unemployment insurance

bene�ts for a balanced budget system.3 These results suggest that the evolution of

unemployment bene�ts is not sensitive to the way the current system is calculated:

until the 8th week of unemployment, the replacement rate is smaller than visible in

the second decimal place. For longer spells, the systems di¤er, but the di¤erences are

minuscule.

The main message from this section is thus that unemployment insurance is not

quantitatively a¤ected by the risk of premature disability claims to a large extent.

3.6.3. Unemployment�s e¤ect on optimal disability bene�ts. An impor-

tant implication of Höglin (2008) is that unemployment and employment spells a¤ect

disability bene�ts in a non-trivial way. An agent�s disability bene�ts are reduced for

each period he is unemployed and increased for each time he �nds a new job. Every

period an agent is unemployed, his promised value in all future states should be re-

duced to provide incentives for job search. Therefore, disability insurance bene�ts

decrease during an unemployment spell. If an agent �nds a job however, he should be

3 A balanced budget system delivers V eBB to a newborn agent, where V eBB is the solution to
Ce (V

e
BB) = 0:
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rewarded in all future states, which implies higher future disability bene�ts. These two

opposing forces makes it impossible to analytically prove if disability bene�ts increase

or decrease with periods of past unemployment. It suggests however, that an agent�s

disability bene�ts are higher if he has many short spells compared to few long spells.

Figure 3.3 reveals that this conjecture is true, by plotting multiples of the total

number of weeks as unemployed before turning disabled and the length of each unem-

ployment spell. For a given number of periods as unemployed before turning disabled,

disability bene�ts fall with increased length of the unemployment spells. An agent with

80 weeks as unemployed before turning disabled receives 5.5 percent higher bene�ts if

his spell length is 10 weeks compared to 20 weeks. Moreover, an agent with the same 80

weeks of unemployment but with shorter than average spell length of 5 weeks get more

than 12 percent higher bene�ts than the agent whose spells last for 20 weeks. The total

number of weeks as unemployed is thus a poor proxy for the relevant part of an agents

unemployment history that should determine the optimal disability bene�ts. For a

given spell length, agents with more periods as unemployed get lower bene�ts only if

the spells are relatively long lasting. For spells shorter than 12 weeks, an agent gets

higher disability bene�ts the more periods as unemployed he has experienced before

turning disabled. Note that 12 weeks is the breaking point for all levels of total weeks

in unemployment, and that is constitutes a spell length that is only slightly above the

average of 10 weeks.

3.7. The Optimal Distribution of Consumption

In order for a law of large numbers to apply approximately, I simulate a population

of 40,000 individuals for 30,000 periods. All agents enter the model as employed and

holding the value of an employed agent, as calculated using the current system in

section 3.5. When an agent dies between two periods, he in reborn as employed with

the value of an employed in the current system.

Let us �rst study the distribution of consumption and compare it to the consump-

tion distributions implied by the current system and by autarky. Table 3.2 depicts
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Figure 3.3. Disability Benefits for different Unemployment Histories.

moments from these three distributions.4 The average consumption is higher in the

optimal system than in the current one and in autarky.5 Average consumption being

higher in the optimal system than in autarky is unsurprising, as the optimal system de-

livers the value of the current system which has a positive budget (see the next section).

The reason why the optimal system manages to deliver higher average consumption

than the current system is that when an agent enters the economy as employed, the

planner collects some of his earnings and stores it at the gross interest rate ��1, while

the current system implies that all earnings are consumed when employed. This implies

that in the steady state, the planner has built up a stock of resources to spend on the

4 The distribution under the current system is calculated taking into account that some unemployed
workers are not eligible for unemployment insurance. Let U (n) be the measure of unemployed with
current unemployement duration of n weeks and E be the steady state measure of employed agents.
Then, U (n) = 1��

1�pE [(1� �) (1�  ) (1� p)]
n
; and the measure of non-eligible unemployed is given

by
P1

n=26 U (n) ; which amounts to 149 workers, or .037 percent of the population.
5 Autarky refers to a situation in which the agents cannot trade with each other and in which it

does not exist any social insurance system at all. For details, see Höglin (2008).
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Table 3.2. Consumption.

Optimal Current Autarky
Mean 96.65 95.40 90.32

Std. Dev. 8.08 14.94 29.57

Min 53.76 0 0

Max 120.32 100 100

Min/Max .45 0 0

unemployed and disabled, states which are more prevalent in the steady state than

when he system starts with only employed. To appreciate this, consider the following

example of an �average�agent. He is born employed and remain so for approximately

3.3 years, or 172 weeks. During these 172 weeks, he consumes 96.18 units of con-

sumption per period in the optimal system, but 100 units per period in the current

system. Thus, when turning unemployed in his 173rd week of life, the planner has savedP171
j=0 �

�j (100� 96:18) = 745: 76 units of consumption, or approximately 7.5 weekly

wages, on him. The virtue of the optimal system is that it accomplishes more consump-

tion smoothing than the current system. In other words, consumption is higher during

unemployment and disability in the optimal system compared to the current system.

As unemployment and disability are more prevalent in the steady state distribution

over states than in the initial distribution (in which everyone is employed), the planner

has more resources available than the current system in the steady state.

As indicated above, the optimal system indeed features much more consumption

smoothing across histories than the current and the autarky system. The cross sectional

standard deviation in the optimal system is almost half of that in the current system

and less than a third of the autarky standard deviation.

Although the optimal system features lower cross sectional inequality than the

current system, moral hazard still limits consumption smoothing signi�cantly. A few

unlucky workers have markedly lower consumption than others. To see the details,

�gure 3.4 depicts the consumption distribution for the optimal system. A relatively

small mass of agents consume around 60 units of the single good whereas the bulk of

the mass lies around 100. The distribution is also relatively unskewed. Finally, the
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Figure 3.4. The Distribution of Consumption.

spike slightly below 100 represents the consumption of newborn and those that has

never experienced unemployment or disability since their birth.

To �gure out the di¤erences between agents in di¤erent states, I produce separate

distributions for employed, unemployed and disabled. The moments of these distribu-

tions are depicted in table 3.3. The average consumption is similar between employed

and unemployed. Moreover, the variation of these distributions are very similar, show-

ing no divergence even in minimum or maximum values. In this sample, disabled

consume less than employed or unemployed, irrespective of their history before turning

disabled. The cross sectional maximum consumption for a disabled is more than 15

percent lower than the minimum among the unemployed.
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Table 3.3 Consumption by State.

Employed Unemployed Disabled
Mean 98.25 97.85 59.67
Std. Dev. 2.72 2.82 2.04
Min 87.27 89.49 53.76
Max 120.32 119.98 73.75
Min/Max .73 .75 .73

Indeed, the disabled agents� consumption distribution is disjoint from the other

types, as shown in �gure 3.5. Figure 3.5 also displays the distributions for all di¤erent

types. The distribution for employed and unemployed are almost completely overlap-

ping. Both are only sightly skewed to the left and has the bulk of the mass in a small

range, as suggested by the low standard deviation. The disabled agents�consumption

distribution is also concentrated at a fairly small interval.

3.8. Cost Reductions from the Optimal System

The features of the optimal contract displayed so far does not pin down the welfare

gains from moving to the optimal system from the current one. The reason is of course

that the agents experience the same expected utility in both systems. The welfare

gains are instead seen when computing the costs of delivering the value of the current

system within the current system as compared to delivering the same value optimally.

3.8.1. Cost of the current system. The costs of the current system can be

calculated in a similar way as the value of the current system was calculated. Assume

that the agent gets 66 percent of his pre unemployment wage for 26 weeks of unemploy-

ment and nothing thereafter. If becoming disabled, the agent is awarded 40 percent of

his wage when employed. In addition, assume that no history dependent taxes upon

employment are used in the current system. Finally, once an agent is employed, his

value if becoming laid o¤ is the same regardless of his history.

It is convenient to start with a disabled agent. The cost to the current system of a

disabled agent is eCd = 40

1� �
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Figure 3.5. Consumption Distribution by State.

Consider next an unemployed agent and denote by eCu (n) the cost to the current system
of an unemployed agent with n periods of unemployment insurance bene�ts left. An

unemployed agent that has exhausted his unemployment insurance bene�ts costs

eCu (0) = 0 + �
n
(1� �)

h
p eCe + (1� p) eCu (0)i+ � eCdo ;

where eCe is the cost of an employed agent. For n 2 f1; 2; :::26g ;
eCu (n) = 66 + �

n
(1� �)

h
p eCe + (1� p) eCu (n� 1)i+ � eCdo :

Finally, the cost of an employed agent is given by

eCe = 100� w + �
n
(1� �)

h
� eCe + (1� �) eCu (26)i+ � eCdo :

3.8.2. Quantitative cost reductions. To be able to calculate the cost reduc-

tions, we need to obtain the cost in the optimal system of delivering the value of the
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current system. This number is simply given by evaluating the minimal cost function

at the value of the current system, Ce
�eV e

�
. The cost reductions from moving to

the optimal system is then eCe �Ce

�eV e
�
; and measures the planners excess ability of

delivering utils as compared to the current system.

The costs of the current and the optimal system are depicted in table 3.4. The cost

of delivering eV e within the current system equals approximately one half of a yearly

wage. The cost of delivering eV e within the optimal system is substantially lower. The

cost reductions from moving to the optimal system amounts to approximately one

monthly wage, or 15 percent of the cost of the current system.

3.9. What Enhances E¢ ciency?

There are, in principle, two ways in which the planner might improve upon the current

system. First, the optimal system may provide better incentives to exert search e¤ort

and tell the truth, so that unemployment or disability is too high in the current system.

The other way is that the planner might achieve better consumption smoothing without

ruining the incentives to act in a socially optimal way. In this environment with a

calibration that implies that unemployed search and tell the truth even within the

current system, increased consumption smoothing is responsible for all of the welfare

gain. Optimality of search and truth telling within the current system implies that

the aggregate and individual dynamics over states are the same in the current and the

optimal system, so no improvement in behavior is achieved.

The calculated welfare gains from moving to the optimal system thus constitute

a lower bound on the welfare gains. To the extent that variations along an intensive

margin of job search is important, the calculated welfare gains of the optimal system

could be even higher in such an environment. Previous research suggest however that

variations in job search activity is not as important as one may think. Hopenhayn and

Nicolini (1997) report that even in their model with a continuum of e¤ort choices, there

are very small di¤erences in job search activity between the current and the optimal

system. Thus, even in such an environment, the bulk of the welfare gains comes from

increased consumption smoothing.
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Table 3.4. Cost Reductions.

Optimal Current
Cost 2244 2650
Savings 15% -

3.10. Optimal Insurance versus Self Insurance

As is standard in this literature, I have assumed that the agents lack access to any

market for borrowing and lending. This is not as restrictive an assumption as one may

think. As long as savings are observable, i.e. as long as the planner can control the

agents�consumption, the consumption allocations chosen by the planner is invariant to

the alternative assumption that the agents can save. If agents can save, consumption

and bene�ts are not the same. Shimer and Werning (2008) has recently highlighted

the distinction between providing liquidity and providing insurance that arises when

agents can save.6 I make no attempt of distinguishing between insurance and liquidity

in this paper, but focus on the e¤ectiveness of self insurance.

If agents are allowed to save but not borrow, they can build up bu¤er stocks dur-

ing employment and dissave when unemployed and disabled. This bu¤er stock is a

substitute for the planner. Self insurance through non state contingent claims has an

advantage over the planner as there is obviously no moral hazard between the agent

and himself. The planner has one advantage over self insurance though: the ability to

lend. A natural question becomes how e¤ective self insurance through a riskless bond

is relative to the planner.

In this section, I ask how e¤ective self insurance is relative to optimal insurance by

solving the agents�problem when they can save, but not borrow, at a gross rate equal

to ��1 (the same rate at which the planner borrows and saves at) and comparing that

solution to the planner�s problem when his budget is balanced. An indirect measure of

6 Shimer and Werning (2008) proves that if agents have constant absolute risk aversion there is
an equivalence between constant bene�ts and optimal bene�ts. If the agents�have constant relative
risk aversion utility functions, as in this paper, there is �almost� an equivalence in their numerical
examples. Furthermore, Rendahl (2007) shows that in an environment like Hopenhayn and Nicolini
(1997) with observed savings, an agent�s assets encodes all the relevant parts of his history so that the
optimal unemployment insurance lacks explicit duration dependence and is recursive in the agent�s
wealth.
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the planners ability is then the answer to the question: what is the wealth level such

that a newborn agent is indi¤erent between living in the planner�s system and living

with self insurance through a riskless bond only?

Consider an employed agent with bond wealth b � 0. The Bellman equation for

such an agent is given by

V e
SI (b) = max

c;b0

�
u (c) + �

�
(1� �) [�V e

SI (b
0) + (1� �)V u

SI (b
0)] + �V d

SI (b
0)
		

; (3.12)

where V u
SI (�) and V d

SI (�) are value functions if unemployed or disabled and where the
maximization is subject to a budget constraint and a borrowing constraint,

c+ b0 = w + ��1b; (3.13)

b0 � 0: (3.14)

Similarly, the value function of an unemployed obeys the Bellman equation

V u
SI (b) = max

c;b0

�
u (c) + �

�
(1� �) [pV e

SI (b
0) + (1� p)V u

SI (b
0)] + �V d

SI (b
0)
		

: (3.15)

Subject to

c+ b0 = ��1b; (3.16)

b0 � 0: (3.17)

In (3.15), I have implicitly assumed that the agent always exerts e¤ort if unemployed.

This is not always true. There are wealth levels high enough so that an unemployed

would choose not to search, as the cost of searching relative to not searching increases

in the level of wealth.7 However, for the present calibration, this situation never occurs

for the levels of wealth I am interested in. Finally, if disabled, the Bellman equation

becomes

V d
SI (b) = max

c;b0

�
u (c) + �V d

SI (b
0)
	
; (3.18)

where, again, the maximization is subject to

c+ b0 = ��1b; (3.19)

7 Recall that the necessary condition for exerting search e¤ort in this case would be
� (1� �) p [V eSI (b0)� V uSI (b0)] � a: Naturally, when b0 becomes very large, labor status is less im-
portant and the agent is well insured against any shock, so that [V eSI (b

0)� V uSI (b0)] is small.
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Figure 3.6. The Effectiveness of Self Insurance.

b0 � 0: (3.20)

To obtain a measure of the e¤ectiveness of self insurance, I will solve the problems

above and calculate the wealth b that satis�es

V e
SI

�
b
�
= V e

BB;

where V e
BB is the solution to Ce (V

e
BB) = 0; and indicates the value the planner is able

to deliver under the restriction of a balanced budget.

Figure 3.6 shows the value function for a self insuring employed agent, V e
SI (�) ;

along with the value of living in the planner�s balanced budget system. Evidently, self

insurance is rather e¤ective. For wealth levels as low as 6 weekly wages, the planner

does no better in a balanced budget system than the agent does on his own with access

to a riskless bond.
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3.11. Conclusions

Unemployment insurance and disability insurance are naturally related to each other

and intricately so in the optimal joint system of unemployment and disability insurance.

The quantitative impact of disability on the optimal unemployment insurance is not

substantial. Bene�t pro�les resemble those in the literature that handles unemployment

insurance in isolation, notably Hopenhayn and Nicolini (1997, 2004).

The agents� unemployment history is however an important part of the history

when determining the optimal disability bene�ts. Agents who have su¤ered long last-

ing spells of unemployment receive lower disability bene�ts than those with no or short

spells prior to becoming disabled. These e¤ects are substantial, and may constitute

consumption di¤erences in excess of 10 percent for plausible di¤erences in the unem-

ployment history.

In general, the optimal system of insurance of unemployment and disability shocks

achieves a lot more consumption smoothing than the current system. Due to this fact,

the cost reductions from moving to the optimal system are large, amounting to 15

percent of the cost of the current system.

Still, self insurance is not a bad substitute for the planner, as the value of being

in the optimal system is not larger than the value under self insurance with a wealth

level equal to 6 weekly wages.

The welfare gains and the e¤ectiveness of self insurance calculated in this paper

hinge on the discrete e¤ort choice. A natural extension would be to allow for a contin-

uum of e¤ort levels with a function mapping e¤orts to probabilities of successful job

search, as in Hopenhayn and Nicolini (1997). Whether the insights of this paper are

altered by this generalization is an open question. Regarding the cost reductions, a

conjecture is that the di¤erences would not be large as more e¢ cient job search is only

a minor part of the calculated cost reductions in Hopenhayn and Nicolini (1997).
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CHAPTER 4

Unions, Turbulence, and Unemployment

Erik Höglin

Abstract. This paper uses a calibrated version of a dynamic monopoly union model

to argue that a monopoly union increases the rate of unemployment as a response to

increased microeconomic turbulence faced by its members. The quantitative impli-

cations of the model matches the European aggregate time series of unemployment,

both during the transition and in the steady states. The union prefers higher unem-

ployment in turbulent times both because such times implies increased opportunities

for rent seeking and as unemployment leads to wage compression which insures the

workers from the increased wage volatility associated with turbulence. The welfare

consequences of union wage setting is positive for workers and negative for �rm own-

ers. In total, union wage setting reduces welfare substantially in turbulent times.

4.1. Introduction

During the last decades, Europe and the United States have taken di¤erent routes in

important labor market dimensions. While U.S. wage inequality has increased substan-

tially, unemployment rates have remained roughly constant. The increase in European

inequality is much less pronounced, and unemployment rates have instead increased to

levels far above those of the United States.

Krugman (1994) hypothesized that the di¤erent labor market experiences between

the two continents can be explained by institutional di¤erences. The �exible U.S.

labor market simply absorbed the pressures from technical change and globalization

by increased inequality. In Europe, less �exible labor markets handled the pressure

towards increased inequality by letting a large fraction of its workers be unemployed,

thereby maintaining wage equality.

0 I have bene�ted from discussions with Tore Ellingsen, Martin Flodén, Lars Ljungqvist, and
Henrik Lundvall. Financial support from Jan Wallander and Tom Hedelius foundation is gratefully
acknowledged.
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One important institutional di¤erence between the United States and Europe is the

prevalence of collective bargaining. In this paper we study if Krugman�s hypothesis is

valid when the in�exibility in the European labor markets is represented by union wage

setting. To this end, we study a monopoly union in a dynamic environment where its

members are confronted with increased microeconomic volatility, or turbulence.

We focus on turbulence a¤ecting ex ante identical workers as inequality within

groups has increased substantially in the last decades. For example, Juhn, Murphy

and Pierce (1993) show that the more than half of the increase in U.S. wage inequality

pertains to an increase in the residual inequality, i.e. to inequality among observation-

ally identical workers. Gottschalk and Mo¢ t (1994) decompose the earnings inequality

further to conclude that a sizable fraction of its rise is transitory, re�ecting increased

time series variance of individual workers�wages. Looking even deeper into the data,

Violante (2002) documents that wage loss from displacement as well as the yearly re-

turn to tenure increased from the 1970s to the 1980s. We take the results from these

studies and feed them into a monopoly union model, solve the union�s wage setting

problem and simulate a synthetic �Europe� that we can compare to aggregate time

series data.

The �rst contribution of this paper is to show that a monopoly union indeed in-

creases the rate of unemployment as a response to increased microeconomic turbulence

faced by its members. The quantitative implications of the model also matches the

European aggregate time series of unemployment reasonably well, both during the

transition and in the steady states.

The second contribution is to show that this e¤ect has two di¤erent channels, and

that one of these channels is more important than the other. The union creates unem-

ployment either for rent seeking or insurance reasons. With a �xed factor of production

which implies decreasing returns to scale, withdrawing workers from employment raises

the wages of employed workers. The incidence of the reduced production associated

with the reduced supply of labor falls partly on the �rms. The union e¤ectively con-

sumes a part of the �rms�pro�ts, why we call it the rent seeking e¤ect. This type of
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union rent seeking has been studied extensively before, see, for example, McDonald

and Solow (1981).

Agell and Lommerud (1991) showed that unemployment also can arise as an insur-

ance device in a world with uneven income and imperfect capital markets. Risk averse

workers achieve low variance of wages over time and across states by unemployment,

which implies wage compression. When turbulence increases, this insurance e¤ect nat-

urally gets more important. However, the rent seeking e¤ect also gets more important,

and contributes more to the increased aggregate unemployment than the insurance ef-

fect. Indeed, the rent seeking e¤ect is imperative for the model�s general performance.

Without the possibility to extract rents from the �rms, the union�s incentives to create

unemployment is dampened, and its possibility to a¤ect the wages vanishes in the long

run. As a result of this, unemployment does not exist in the steady state without rent

seeking. This result is reminiscent the analysis of hours worked restrictions by Mari-

mon and Zilibotti (2000). They showed that with a �xed factor of production, which

implies decreasing returns to scale (or rent seeking in the language of this paper), an

hours worked restriction can be welfare improving whereas if factors are �exible, and

the production function exhibits constant returns to scale, it cannot.

Krugman (1994) emphasized the importance of the welfare states being larger in

Europe. The welfare state is indeed an important factor in our model. If replacement

rates during unemployment are low, unions create very little unemployment. The

interaction between the welfare state and union wage setting is thus an important one

in this model. This is not to say that there is no role for the union absent the welfare

state, but that, in the long run, those e¤ects vanishes. During a transition to a steady

state, the union could still optimally compress wages at the bene�t of their members.

The transition would then be postponed, but convergence to the laissez-faire steady

state would still occur.

The conclusion is that the story of unions being the cause of the rise in the European

unemployment is consistent with a world where �rms and unions bargain over rents in

welfare states where turbulence have increased.
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We are not the �rst to argue that unions caused the rise in and persistence of Euro-

pean unemployment. Blanchard and Summers (1986), Gottfries and Horn (1986), and

Lindbeck and Snower (1988) develop insider-outsider models of unions to explain the

persistence in European unemployment. Confronted with a negative macroeconomic

shock, insiders prefer to maintain high wages and increase unemployment, because

unemployment primarily hurts outsiders. As unemployment reduces the number of fu-

ture insiders, this e¤ect becomes persistent, causing �hysteresis�in the European labor

market. These papers focus on a single macroeconomic shock, such as the 1970�s oil

crises, while in this paper we study a permanent change in the economic environment.

Moreover, in this paper all workers belong to the union and there is no con�ict of

interest between workers with identical skills.

We also extend the analysis by studying the welfare consequences of union wage

setting. This is motivated by Agell (1999), who argues that unionization may enhance

welfare in a world of incomplete markets, and Lindquist (2005), who found large welfare

losses from union wage setting in a slightly di¤erent environment. In the environment of

this paper, workers bene�t from union wage setting, but �rm owners su¤er signi�cant

reductions in pro�ts. In the aggregate, the welfare costs of union wage setting are

substantial in turbulent times but negligible in tranquil times.

Technical change has also been argued to cause deunionization. Acemuglu, Aghion

and Violante (2001) ask if skill biased technical change caused the deunionization that

occurred the early 1980s. In their model, increased inequality causes deunionization

because the outside option of high skilled workers increase, luring them to leave the

union. Although we do not directly address deunionization, this is arguably nonre-

strictive in the environment of this paper. As each type of worker bene�ts from the

presence of union wage setting, deunionization would not occur in this environment.

Alesina, Glaeser and Sacerdote (2005) studies di¤erences in hours worked between

the United States and Europe using a union wage setting model like the one of this

paper, but with a special twist including an externality in the form of a social multi-

plier that makes people enjoy leisure more if their neighbor reduces his labor supply.
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Their static model does not, however, address the question of what role the increased

inequality has played for the intercontinental di¤erences in labor market experience.

Finally, this paper is also related to the series of papers on the European unem-

ployment problem by Ljungqvist and Sargent (e.g. 1998, 2004, 2007a, 2007b, 2008).

Ljungqvist and Sargent argues that Europe�s welfare states are more vulnerable to in-

creasing microeconomic turbulence than the Unites States. When turbulence increases,

European workers optimally choose longer spells of unemployment as their past human

capital is protected by generous unemployment bene�ts. The aggregate consequence is

higher unemployment rates in Europe than in the United States. Ljungqvist and Sar-

gent use McCall (1970) search models, search island models in the spirit of Lucas and

Prescott (1974), matching models along the lines of Diamond (1982), Mortensen (1982)

and Pissarides (1990), and representative family models inspired by the aggregation

theories of Hansen (1985) and Rogerson (1988), but have no unions in their model

economies. Their argument goes through also in the environment of this paper in the

following sense: unions choose higher unemployment rates as a response to turbulence

only if the value of unemployment is not too low. In other words, unions increasing

unemployment in response to turbulence is more likely in welfare states.

The next section presents the model, the calibration, and some steady state prop-

erties of the model. In section 4.3, we perform an experiment where we compare the

union�s strategies in tranquil and turbulent times. Section 4.4 explains the economic

forces at work, contrasting a rent seeking union with a model in which the union�s

motives are purely to insure its members. We then study what role the welfare state

plays in section 4.5. In section 4.6, we perform welfare analysis. Section 4.7 concludes.

4.2. The Model

4.2.1. The economy. There are many identical price taking �rms producing a

single consumption good using capital and labor as their inputs. The representative

�rm operates a production function given by

F (K;H;L) = K� [ H� + (1�  )L�]
1��
� ; (4.1)
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where K, H and L are the amounts of capital and high and low skilled workers em-

ployed, respectively, � is capital�s income share of output, and 1= (1� �) ; with � < 1;

is the constant elasticity of substitution between high and low skilled labor. For most

of the analysis we will assume that capital is �xed, and normalize K � 1: The repre-
sentative �rm then takes wages as given and chooses H and L to maximize pro�ts, as

given by bF (H;L)� whH � wlL;

where bF (H;L) = [ H� + (1�  )L�]
1��
� :

The solution to this program is fully characterized by the �rst order conditions,

(1� �) [ H� + (1�  )L�]
1����

�  H��1 = wh; (4.2)

and

(1� �) [ H� + (1�  )L�]
1����

� (1�  )L��1 = wl: (4.3)

There is a continuum of workers of unit mass. A worker can be either high or low

skilled at each point in time, and workers gain and lose skills stochastically depending

on their labor market experience. An employed worker of skill type j 2 fh; lg remains
in his skill group with probability �j. Skill gain is impossible during unemployment,

and high skilled workers become low skilled if laid o¤. We thus interpret 1� �h as the
exogenous probability that a high skilled worker is laid o¤, and assume that skill loss

occurs with probability one in that case. The workers have preferences ordered by a

constant relative risk aversion utility function
1X
t=0

�t
c1��t

1� �
: (4.4)

There are no capital or insurance markets, so consumption equals income in every

period. If unemployed, such a worker consumes R, an exogenous income equivalent of

the momentary value of unemployment.

All workers belong to a union that has monopoly power in the labor market. The

union sets the wages for both skill groups, taking the solution to the �rms problem as

given. The union is utilitarian, so it wants to maximize the weighted average of the
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di¤erent types of workers utilities. Let �t and ut be the measure of high skilled workers

in the beginning of time t and the time t unemployment rate among the low skilled,

respectively: The assumption that only low skilled workers can be unemployed is not

restrictive, as long as parameters are such that the high skilled earn more than the

low skilled. Under such circumstances, the union would not set wages such that high

skilled workers become unemployed as it (i) reduces the wage bill more than low skilled

unemployment, and (ii) increases wage inequality which is disliked since workers are

risk averse. The next subsection describes the parameter restrictions needed for this

statement to be true.

In equilibrium, Ht = �t and Lt = (1� �t) (1� ut) : The unions momentary utility

function becomes

U (�; u) = �
w1��h

1� �
+ (1� �)

�
(1� u)

w1��l

1� �
+ u

R1��

1� �

�
;

where wh and wl are functions of � and u according to (4.2), (4.3), and the equilibrium

conditions above. Looking at (4.2), (4.3) and the equilibrium conditions, we see that

we can formulate the union�s problem such that it chooses the rate of unemployment

among the low skilled rather than the wages.

The measure of high skilled is an important variable for the union as it determines

the underlying relative supply of high and low skilled workers which a¤ects production

possibilities and underlying inequality. The measure of high skilled workers obeys the

law of motion

�0 = �h�+ (1� u) (1� �l) (1� �) : (4.5)

The union chooses a sequence of unemployment rates to maximize
1X
t=0

�tU (�t; ut) ;

where �t is a state variable. Let J (�) be the maximum value of the union�s problem

when the current measure of high skilled workers is �: The solution of the union�s

problem then satis�es the Bellman equation

J (�) = max
u

�
�
w1��h

1� �
+ (1� �)

�
(1� u)

w1��l

1� �
+ u

R1��

1� �

�
+ �J (�0)

�
; (4.6)

where the maximization is subject to (4.2), (4.3), and (4.5).
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4.2.2. Steady state characterization. Before moving to the calibration, some

properties of the model�s steady state can be characterized analytically. In a steady

state where � = �0 � � and u = u0 � u; the measure of high skilled obeys

�

1� �
=
(1� u) (1� �l)

(1� �h)
: (4.7)

Hence

� =
(1� u) (1� �l)

(1� �h) + (1� u) (1� �l)
; (4.8)

which implies that the higher steady state unemployment, the lower is, endogenously,

the steady state measure of high skilled. High unemployment contributes to wage

compression and a low share of high skilled to the opposite. Speci�cally, using (4.2),

(4.3) and the equilibrium conditions Ht = �t and Lt = (1� �t) (1� ut) ; the wage

inequality is given by

� (�; u) =
 

1�  

�
H

L

���1
=

 

1�  

�
�

(1� �) (1� u)

���1
: (4.9)

From (4.9), inequality is evidently decreasing in u and �, as � < 1: The intuition is

straightforward; the more high skilled, the lower are their marginal productivity and

the fewer low skilled employed (high u), the higher is the marginal productivity of a

low skilled worker. In the steady state, after substituting (4.7), the wage ratio is given

by

�ss =
 

1�  

�
1� �l
1� �h

���1
: (4.10)

Inspection of the expression in (4.10) reveals that, in the steady state, the wage in-

equality is independent of the unions choice of the rate of unemployment, but instead

given by parameters of the production function and the law of motion for the fraction

of high skilled. This is intuitive, as our preferred production function implies that the

ratio of employed high skilled to employed low skilled determines the current inequal-

ity. Moreover, from (4.7) one can easily tell that the ratio of employed high skilled

to employed low skilled in the steady state is completely determined by the transition

probabilities, and given by

�

(1� �) (1� u)
=
(1� �l)

(1� �h)
:
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Regardless of how many workers the union puts into unemployment in the steady state,

the transition probabilities assure that the same fraction of employed high skilled to

low skilled employed is reached in the steady state. The conclusion is that the union

cannot a¤ect the long run inequality of wages. However, during any transition from

a steady state to another the union can, and will, reduce inequality by putting low

skilled workers into unemployment. Moreover, the union can a¤ect the levels of the

wages, even in the steady state.

4.2.3. Parameter restrictions. We want parameters such that the high skilled

wage is above the low skilled wage in the laissez-faire. In order to accomplish this, we

restrict parameters such that �ss > 1: We also want the high skilled wage to be higher

than the low skilled wage out of the steady state. The condition for � (�; 0) > 1 is

� (�; 0) > 1() � <
1

1 +
�
1� 
 

� 1
1��

� �max:

Using (4.5), it is possible to show that for any � < �max we have �
0 < �max as long as

�ss > 1: So, for any initial value �0 2 (0; �max) ; � 2 (0; �max) in all periods. Hence,
we assume that parameters are such that �ss > 1 and that �0 2 (0; �max) :

4.2.4. Calibration. We calibrate the model so that the version without any union

in�uence, i.e. without unemployment, matches observations from the U.S. economy.

We set the coe¢ cient of relative risk aversion � = 2, the model period to one year, and

�x the discount factor � = :96, to be consistent with an annual real interest rate of

4.0 percent. We further set � = :32, a value commonly used as capital�s income share

in the Real Business Cycle literature (see Cooley (1995)). This of course implies that

labor�s share of total income is constant and equal to :68.

To match Keane and Wolpin�s (1997) observation that the late 1970�s wage inequal-

ity among blue collar workers was about 2, we chose parameter values such that �ss = 2:

In addition to that, we want to produce an annual average wage gain from tenure to 3

per cent, as calculated by Violante (2002). With � = 2, this implies �l = 22=23: Con-

sistent with data on the the separations rate in the U.S., we set �h = 5=6 (Blanchard

and Diamond, 1990). Finally, using the value � = 1� :709; as calculated by Katz and
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Autor (1999), implies  = :43549. Appendix C shows that the results change only

somewhat if � is lower.

To get turbulence in the model we alter the skill transition probabilities to be

consistent with the observations on increased earnings volatility. Juhn, Murphy and

Pierce (1993) show that the rise in residual inequality equals about 20 per cent. We

thus set �turss = 2:4. Violante (2002) further calculated that the returns from tenure

increased to an annual 5 per cent in the 1980�s. The increased return to tenure pins

down �turl = 17=18 and we set �turh = 4:35=6 to obtain �turss = 2:4:With this calibration

we get another result from Violante (2002) by implication, namely that the skill loss is

larger and more frequent in turbulent times.

A �nal key parameter is R, the income if unemployed. We set R to equal 80% of

a steady state low skilled wage in an economy without a union, and keep this number

�xed when moving to turbulence. Martin (1996) calculated the average European

unemployment insurance bene�ts to 70%. On top of that, the value of leisure should

be added. As we have not modelled leisure explicitly, we set the replacement rate for

a low skilled to 80 % to take the value of leisure into account.

4.3. Unemployment in Tranquil vs. Turbulent Times

This section is devoted to a numerical experiment using the model described in the

preceding section. The experiment is carried out in the following way. Using the

baseline calibration of tranquil times, we solve the union�s problem as given by (4.6)

and simulate it until a steady state is reached. In that steady state, the union is

unexpectedly confronted with the new parameter set re�ecting turbulence. We then

solve the unions problem with the parameter set re�ecting turbulence and simulate

that economy until it reaches the new steady state. In this way we are able to compare

steady states in the union economy to that in the laissez-faire as well as to the data.

Moreover, we can also confront the model with the data along the transition to the

new steady state. We assume that the economy is in the tranquil time steady state

and is hit by turbulence in the beginning of 1980.
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Table 4.1. Steady States - Tranquil vs. Turbulent Times

Model Dataa

Union LF
Tranquil Turbulent Tranquil Turbulent 1979 2005

Unemployment (%) 0 6.61 - - 0 4.31
Fraction of High Skilled .2069 .1570 .2069 .1681 n.a n.a
High Skilled Wage .6749 .7878 .6749 .7707 n.a n.a
Low Skilled Wage .3374 .3286 .3374 .3214 n.a n.a
Inequality 2.00 2.40 2.00 2.40 n.a n.a
aData refers to the di¤erence in unemployment rates between the United States and a weighted

average of France, Germany, Italy and Spain. Source: OECD. n.a = Not available.

4.3.1. Steady states. Table 4.1 depicts the main results in the steady states. As

this model contains no frictional unemployment, it is natural to compare the model�s

predictions to the observed di¤erence between the United States and Europe. In tran-

quil times, the union chooses to put no workers into unemployment. In turbulent times

the quantitative e¤ect of the monopoly union becomes large, with an implied steady

state unemployment rate of 6.61 percent. Quantitatively, the model unemployment is

a bit too high compared to the data.

We have not calibrated the model to �t the data in terms of unemployment. On

the contrary, the model�s performance should be judged on how well it �ts the un-

employment data. In the steady state, the model produces a signi�cant increase in

unemployment when turbulence hits he economy. The model reaches its steady state

in 2008, but in 2005 it has already reached an unemployment rate of 6.60 percent, a

negligible di¤erence compared to the steady state value.

4.3.2. Transitional dynamics. Let us now study what happens along the tran-

sition to the new steady state. We are interested if convergence is consistent with

the data not only in terms of magnitude, but also speed and monotonicity. The most

important variable upon which we evaluate the success of our model is unemployment.

In �gure 4.1 it is clear that the transition follows the same pattern as the steady

state results. Along the whole transition, unemployment is higher in the model than in
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Figure 4.1. Transitional Dynamics of Unemployment. Data

refers to the HP �ltered (smoothing parameter = 100) di¤erence in unemployment

rates between the United States and a weighted average of France, Germany, Italy

and Spain. Source: OECD.

the data. From 1980 until 1997, the model performs reasonably well. In the end of the

sample period, the di¤erence in the data drops, whereas the model slowly converges

upwards to its steady state value.

4.4. Insurance versus Rent Seeking

The union creates unemployment either for rent seeking or insurance reasons. With-

drawing workers from employment raises the wages of employed workers. The incidence

of the reduced production falls partly on the �rms. The union e¤ectively consumes a

part of the �rms�pro�ts, why we call it the rent seeking e¤ect, as in McDonald and

Solow (1981).
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Table 4.2. Steady States - Risk Neutrality

Tranquil Turbulent

Unemployment (%) 1.05 6.58
Fraction of High Skilled .2047 .1570
Inequality 2.00 2.40

Agell and Lommerud (1991) showed that unemployment also can arise as an insur-

ance device in a world with uneven income and imperfect capital markets. Risk averse

workers achieve low variance of wages over time and across states by unemployment,

which implies wage compression. When turbulence increases, both the rent seeking

and the insurance e¤ect contributes to the increased unemployment.

To single out the rent seeking and the insurance e¤ect, we solve the model under

risk neutrality, i.e. we set the coe¢ cient of relative risk aversion to zero, keep the

remaining parameters from the previous section, and solve the model in tranquil and

turbulent times.1 With risk neutrality, the insurance motive is moot. Hence, the results

from this exercise singles out the rent seeking e¤ect.

Table 4.2 reveals that unemployment is only slightly lower with risk neutrality than

with risk aversion. This suggests that the rent seeking e¤ect is important. Indeed, as we

shall see, without rent seeking the model is incapable of producing unemployment in the

steady state. Although unemployment is higher without the insurance e¤ect, it is not

a¤ected by turbulence in the same magnitude as with the insurance motive. With risk

aversion and rent seeking, unemployment increases by more than 6.5 percentage points

when introducing turbulence. With only the rent seeking e¤ect, unemployment rises

by about 5.5 percentage points. The �di¤erence in di¤erence,�i.e. about 1 percentage

point, must then be due to increased insurance motives.

To get further understanding for what happens to the union�s choice, Figure 4.2

depicts the decision rules under both risk neutrality and risk aversion in turbulent and

tranquil times. We immediately see that the decision rules under risk aversion is much

1 An alternative way of removing the insurance motive is to assume complete �nancial markets,
maintain risk aversion in preferences, and let the union behvave as the head of a representative family
in the spirit of Hansen (1985) and Rogerson (1988). This alternative speci�cation yields exactly the
same outcome, as we show in Appendix A.
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Figure 4.2. Decision Rules - Risk Averse vs. Risk Neutral.

steeper than those under risk neutrality. The reason is that for low levels of the measure

of high skilled in the economy, the risk averse union has strong motives to compress

wages. The reason is that, for low values of �, inequality is high, as pointed out in

section 4.2. Unemployment reduces inequality by raising the marginal productivity

of the low skilled. In states with a large fraction of high skilled workers, the chosen

unemployment is lower in the risk averse case than with a risk neutral union. Here,

the underlying inequality is so low that the union is reluctant to unemployment as

unemployment destroys skills and the more high skilled, the lower the inequality.

4.4.1. A pure insurance model. To show that rent seeking is a necessary con-

dition to generate plausible equilibria with unemployment, we modify the model of

section 4.2 to obtain a model where rent seeking is not present. To accomplish that, we

return to the original speci�cation of the production function, let capital be adjustable,
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and assume that the economy is a small open one with a constant real interest rate.

Formally, the representative �rm solves

max
K;H;L

fF (K;H;L)� rK � whH � wlLg ;

taking the interest rate and the wages as given. The union solves the same problem

as before, with the important di¤erence that they now take di¤erent �rm �rst order

conditions as given.

Rent seeking is not present in this model as pro�ts are zero. To appreciate this,

note that the �rst order conditions are

r = FK ;wh = FH ;wl = FL;

where subscripts are partial derivatives. Since F (�) has constant returns to scale, it
follows from Euler�s theorem that

F (K;H;L) = FKK + FHH + FLL:

Combining the last expression with the �rst order conditions reveals that pro�ts are

always zero.

Figure 4.3 depicts the decision rules under tranquil and turbulent times, where we

have set the real interest rate to 4 percent and adjusted R to equal 80 percent of the

tranquil times laissez-faire low skilled wage where � and K have reached their steady

state values. These decision rules are very steep and hit zero for any � above .14, a

measure associated with a laissez-faire wage ratio of 2.8. Even if turbulence shifts the

decision rule to the northeast, there is still no unemployment in the steady state of

this model. This can be seen in �gure 4.3 as unemployment is zero for all levels of �

between the tranquil times laissez-faire level of .2069 to the turbulent times laissez-faire

fraction of high skilled of .1681.

The fundamental reason for the absence of unemployment in this small open econ-

omy is the adjustable capital. If the union marginally shifts unemployment upwards,

�rms respond to this by reducing its employed capital, thereby dampening the increase

in wages that would come about if capital was �xed. This e¤ect naturally induces the
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Figure 4.3. Decision Rules in Pure Insurance Model.

union to demand lower wages, and hence lower unemployment rates, compared to the

case where capital is �xed. In fact, the union is unable to a¤ect the long run evolution

of wages, so its monopoly power vanishes in the long run.

To get further understanding of this, suppose � = 0 so that the �rms�maximization

problem becomes2

max
K;H;L

n
K�
�
H L1� 

�1�� � rK � whH � wlL
o
: (4.11)

Using the �rst order conditions from the program (4.11), we can derive the �rms�choice

of capital as

K =
��
r

� 1
1��

H L1� ; (4.12)

2 The reasoning generalizes to any �, but the algebra gets a bit more tedious. I show the general
case in appendix B.
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which makes it clear that for higher u, which implies a lower equilibrium L; the equi-

librium K is lower. The wages are increasing in K; as demonstrated by

wh;flex = (1� �) K�
�
H L1� 

�1��
H�1; (4.13)

and

wl;f lex = (1� �) (1�  )K�
�
H L1� 

�1��
L�1: (4.14)

This shows that if the union reduces labor supply by increasing unemployment, the

�rms respond to this by employing less capital, which tends to reduce wages. This

e¤ect is not present in the model with a �xed factor of production. Substituting (4.12)

in (4.13) and (4.14) yields

wh;flex = (1� �) 

�
H

L

� �1
; (4.15)

and

wl;f lex = (1� �) (1�  )

�
H

L

�� 
: (4.16)

Wages are completely determined by the fraction of high to low skilled employed,

thanks to the constant returns to scale that is now present in production. As we saw

in the steady state characterization of section 4.2, the steady state ratio of employed

high skilled to employed low skilled is una¤ected by the union�s policy. This means

that, when capital is �exible, not only the wage ratio, but the absolute level of steady

state wages are independent of the union�s policy, and given by

wssh;flex = (1� �) 

�
1� �l
1� �h

� �1
;

and

wssl;flex = (1� �) (1�  )

�
1� �l
1� �h

�� 
:

So, in the long run, the union cannot a¤ect wages and its monopoly power e¤ectively

vanishes. As seen in Figure 4.3, the union still creates unemployment in some states

but this is only worthwhile in states with extreme inequality where the distribution of

wages is more important than the size of the wage bill. From those states, the measure

of high skilled converges to the laissez-faire level at a lower pace than in laissez-faire,

as unemployment destroys skills.
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Unemployment being unwanted by the worker collective in the long run with con-

stant returns to scale is reminiscent the result on hours worked restrictions studied by

Marimon and Zilibotti (2000). They showed that with a �xed factor of production,

which implies decreasing returns to scale (or rent seeking in the language of this paper),

an hours worked restriction can be welfare improving whereas, if factors are �exible

and the production function exhibits constant returns to scale, it cannot. The reason

that an hours worked restriction can be welfare improving in Marimon and Zilibotti�s

(2000) matching model is that, just as in this model, fewer hours worked (or, in this

paper, more unemployed) increases the marginal product of the employed. In a steady

state with constant returns to scale, this e¤ect is not present.

4.5. The Role of the Welfare State

A key parameter in the calibration is the income received when unemployed. We

calibrated this parameter to equal 80% of the low skilled laissez-faire steady state wage.

This is a reasonable number for the European welfare states, especially considering

that it implies a low replacement rate for a laid o¤ high skilled and that the value of

leisure should be included in R: Still, it is interesting to inquire the model�s response

to di¤erent values of this parameter to �nd out if the presence of a welfare state is

a necessary institutional di¤erence to generate the di¤erent labor market outcomes

between Europe and the United States, as Krugman (1994) conjectured.

To �gure out the e¤ect of di¤erent R�s, we solve the model in turbulent times for

R equal to 70 percent and 90 percent of the tranquil times laissez-faire steady state

wage for the low skilled.

In table 4.3, we see that the steady state unemployment rate is indeed sensitive to

the choice of R. With the low level of R, the steady state unemployment disappears

while for the high level it increases to a massive 35.37 percent.

The reason why R is such an important parameter is that it determines the loss

in income for those getting unemployed. If R is high, those going into unemployment

lose little consumption by being put into unemployment by the union.
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Table 4.3. Steady States for Different values of R

70% 90%

Unemployment (%) 0 35.37
Fraction of High Skilled .1681 .1086

4.6. Welfare

There are a number of reasons to study the welfare consequences of union wage setting

in this economy. Given that the union is utilitarian, it is obvious that a hypothetical

average member prefers the union equilibrium over the laissez-faire equilibrium. How-

ever, the magnitude of these e¤ects and the consequences for �rm owners are unclear.

Agell (1999) argues that even though union wage setting may imply unemployment

and lower production, it can be welfare improving if unemployment and its implications

counteracts some other market rigidities or imperfections. Again, it is the insurance

argument. In the economy of this paper, the union creates unemployment partly

because workers are unable to self insure by borrowing and saving, for example, a

riskless bond.3 The market imperfection that the lack of access to capital markets

constitutes can partly be overcome by another imperfection, namely unemployment

created by the union�s monopoly power. Lindquist (2005) o¤ers a distinctly di¤erent

perspective. He uses an overlapping generations model with educational investment

to calculate massive welfare losses from union wage setting. A somewhat peculiar

property of Linquist�s model is, however, that, within the environment of his paper, no

one bene�ts from the presence of a union.

This section is devoted to three things. We �rst study the welfare consequences for

the worker collective. Then, we ask to what extent �rms�pro�ts are reduced by the

prevalence of union wage setting. Finally, we quantify the total welfare e¤ects of union

wage setting in this economy to quantitatively evaluate Agell�s (1999) conjecture, and

reassess Linquist�s (2005) �ndings in the environment of this paper.

3 Of course, even better than a riskless bond is complete contingent claims markets. In such an
environment Agell�s argument goes away completely. Agell acknowledges this fact and argues within
an economy with some inherent market frictions.
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4.6.1. Workers�welfare. To evaluate the cost of business cycles, Lucas (1987)

asked how much extra consumption in every period a worker in an environment with

business cycles would demand to be indi¤erent between living in an economy with busi-

ness cycles and in an economy without �uctuations. We shall use the same methodology

to quantify the welfare e¤ects of union wage setting.

Figure 4.4 depicts the compensation a worker demands for living in the laissez-faire

rather than in the union equilibrium.4 The compensation is calculated as the increase

in consumption needed in all states to make the average worker indi¤erent between the

union equilibrium and the laissez-faire. Formally, for every � we solve for � in
1X
t=0

�t

 
�t

�
wLFht (�t) + �

�1��
1� �

+ (1� �t)

�
wLFlt (�t) + �

�1��
1� �

!
= J (�) ; (4.17)

where �0 = �; wLFht and w
LF
lt are the laissez-faire wages, and

�t+1 = �h�t + (1� �l) (1� �t) :

From �gure 4.4 it is also obvious that the welfare e¤ects of a union are substantial in

turbulent times and more modest in tranquil times. In turbulent times, around the

steady state measure of high skilled, the average worker demand around 1.5 to 2.0

percent of the laissez-faire steady state wage in every period to be willing to give up

union wage setting. In tranquil times however, the welfare e¤ects of union wage setting

is miniscule in a neighborhood of the steady state. This is unsurprising; given that

there is no steady state unemployment in our calibration of tranquil times, the values

are equal across the union and laissez-faire equilibria are equal for all values of � above

the steady state value.

4.6.2. Firm values. Workers gain from the prevalence of union wage setting, but

what about �rm owners? The possibility of rent seeking suggests that there may be

nonnegligible e¤ects on �rms�pro�ts. In this subsection, we calculate �rms�pro�ts and

the value of the �rm in all states to �gure out these e¤ects. De�ne by Y (�; u (�)) �
Y (�) the equilibrium production in state �: Thanks to the Cobb-Douglas nature of

4 Setting u (�) = 0 for all � and calculating the wages corresponding to that produces the laissez-
faire values.
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Figure 4.4. Worker Gains from Union Wage Setting.

the production function, the per period pro�ts in state � is then �Y (�) : In order to

be able to compare total welfare later, we shall assume that unemployment bene�ts

are �nanced by pro�t taxation, which is nondistortionary with a �xed capital stock.5

The value of the �rm is given by

�(�) = �Y (�)� (1� �)u (�)R + ��(�0) ; (4.18)

where

�0 = �h�+ (1� u (�)) (1� �l) (1� �) : (4.19)

To make comparisons with the workers� situation under union wage setting, we

calculate the �rms�willingness to pay to get rid of union wage setting. If the loss in

�rm value due to unionization is A; the �rms could, if they have access to a capital

5 If we did not make this adjustment we would essentially compare two economies with di¤erent
potential resources.
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market with an interest rate equal to 1=� � 1; pay each worker �firm in each period,

where �firm = (1� �)A:

Figure 4.5 plots �firm; again related to the laissez-faire low skilled steady state

wage. The result is naturally the opposite of the consequences for the workers. Union-

ization has large negative implications for �rm values in states where it has large

positive consequences for workers. In tranquil times, the �rm has virtually no costs

of unionization and is not willing to pay anything in order to abolish union wage set-

ting. During turbulent times, however, the loss in �rm value is large, and the �rms�

per period willingness to pay is around 8 percent of the laissez-faire steady state low

skilled wage in a neighborhood of the steady state. The reason for the pro�t reduction

with union wage setting is of course that the union�s monopoly power enables it to

extract rents from the �rm, which deteriorates the �rms�values. The e¤ects are larger

in turbulent times than in tranquil times as, in tranquil times, the two equilibria share

a common steady state. Indeed, as in the case of the workers, there is no di¤erence

between the union and the laissez-faire pro�ts for high � in tranquil times, and the

willingness to pay in those states is naturally zero.

4.6.3. Is union wage setting welfare decreasing? Workers gain and �rm own-

ers lose from union wage setting, but is there a way to calculate if the union equilibrium

is preferable to the laissez-faire or vice versa? In this subsection we ask if the �rm own-

ers could �bribe�the workers not to exercise their monopoly power and still have higher

pro�ts than in the union equilibrium. If the workers are as well of as in the laissez-faire

equilibrium with the bribe as in the union equilibrium and the �rms�pro�ts, net of

bribes, are higher in the laissez-faire than in the union equilibria, we have performed

a Pareto improvement upon the union equilibrium and union wage setting is deemed

as welfare decreasing.

The answer to this question is found by combining the results in �gure 4.4 with

those of �gure 4.5. Figure 4.6 plots the resources left after the �rm has compensated

the workers not to exercise their monopoly power. It is evident that, except in states

where the union wage setting has no in�uence (in tranquil times for � larger than its
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Figure 4.5. Firm Willingness to pay for Laissez-Faire.

steady state value), it is possible to construct an equilibrium where production and

wage setting is competitive, with side payments making workers indi¤erent between

the union equilibrium and the laissez-faire. The resources that are left over are then a

measure of the welfare cost of union wage setting. In turbulent times, the welfare costs

of union wage setting is around 6 percent of the low skilled laissez-faire steady state

wage per period. In tranquil times there are, of course, no welfare e¤ects of union wage

setting in a neighborhood of the steady state.

To conclude the welfare analysis we have seen that the bene�ts of union wage

setting is outweighed by its cost in terms of hurting �rm owners. The gains from wage

compression and the insurance that brings along are not big enough to compensate the

reduction in production associated with unemployment.

Agell (1999) probably did not have an environment like this in mind when he argued

that union wage setting may be welfare enhancing. Rather, he was thinking along the
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Figure 4.6. The Welfare Costs of Union Wage Setting.

lines of his own work with Kjell Erik Lommerud, Agell and Lommerud (1991). In

their model without skill dynamics, it is possible to obtain unemployment without rent

seeking e¤ects, and unemployment is then welfare increasing. In this environment, we

have seen that this is not possible; rent seeking is imperative for the model�s possibility

to generate steady state unemployment. The skill dynamics in this paper brings the

ratio of high to low skilled employed to a given value independently of the unions

strategy. Hence, the e¤ects of unemployment on inequality is at best temporary. In

Agell and Lommerud (1991), the skill distribution is una¤ected by unemployment, as

their model is static. Moreover, in this paper, rent seeking deteriorates production and

pro�ts to the extent that it outweighs the bene�ts of wage compression for the workers

that lack of access to conventional consumption smoothing vehicles causes.

We thus qualitatively con�rm Lindquist�s (2005) assessment that union wage set-

ting reduces welfare. His model incudes educational attainment and, with union wage
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setting, unemployment. Union wage setting is detrimental to welfare because the ed-

ucation decision is distorted and because unemployment reduces production in the

economy. Lindquists welfare losses ranges from 2 to 20 percent for di¤erent worker

types, and are mostly due to the prevalence of unemployment. Although the calcu-

lated welfare losses are reasonably similar to those in this paper, they have di¤erent

interpretations. In this paper, workers bene�t from union wage setting and �rm owner

lose. In Lindquist (2005), everyone lose from unionization.

4.7. Conclusions

The combination of union wage setting, turbulence and a generous welfare state can

generate the increased unemployment in Europe relative to the U.S. that has occurred

during the last decades. In order for this story to hold water, a utilitarian union that

monopolizes labor has to be able to extract rents from the employers.

If one accepts the rent seeking assumption, the model has a large impact on the

welfare of di¤erent groups. The average worker gains from the prevalence of union

wage setting, but �rm owners lose. In the aggregate, union wage setting is welfare

reducing.
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Appendix A - A Representative Family Interpretation of Risk Neutrality

I section 4.4 we compared the baseline case with risk averse workers to the case

where workers are risk neutral. Comparisons across di¤erent preference speci�cations

may seem unappealing for singling out di¤erent e¤ects within one of the speci�cations.

This appendix shows that if workers are risk averse and the union is able to costlessly

transfer resources across individuals and over time and save or borrow at a gross interest

rate equal to the reciprocal of the workers�discount factor, such a union will behave

as if its members were risk neutral. In other words, the union just described will

implement exactly the same unemployment rate in every state as the union with risk

neutral members. Of course, di¤erent individual consumption allocations and values

will be attained, but that does not a¤ect the analysis of section 4.4.

Implicit in the formulation of (4.6) is that the union cannot transfer consumption

across individuals, save or borrow. If the union had the possibility to transfer resources

across individuals and over time and save or borrow at a gross interest rate equal to

the reciprocal of the workers�discount factor, it solves

max
fut;cht;clt;cutg1t=0

1X
t=0

�t
�
�t
c1��ht

1� �
+ (1� �t)

�
(1� ut)

c1��lt

1� �
+ ut

c1��ut

1� �

��
; (4.A.1)

where cj is time t consumption for a j�type, the maximization is subject to (4.2),
(4.3), (4.5), and a present value budget constraint given by

1X
t=0

�t [�tcht + (1� �t) (1� ut) clt + (1� �t)utcut] �
1X
t=0

�tyt; (4.A.2)

where yt � [�twht + (1� �t) (1� ut)wlt + (1� �t)utR] is the period t total income of

the union members. With risk aversion and perfect transfer possibilities, the solution

to this problem involves cjt = c for all j; t. This means that the solution to the above

program solves

max
futg1t=0

1X
t=0

�tc; (4.A.3)

subject to (4.2), (4.3), (4.5), and

1X
t=0

�tc �
1X
t=0

�tyt: (4.A.4)



118 REFERENCES

This program has the same solution, i.e. the same futg1t=0 as

max
futg1t=0

1X
t=0

�tyt (4.A.5)

subject to (4.2), (4.3), (4.5), which is what we solved in section 4.4. Hence, we get the

same unemployment sequence when using the risk neutral preference speci�cation as

when using a representative family interpretation.
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Appendix B - Steady State Wages with Capital Adjustment

This appendix shows that the steady state wages are independent of the unions

choice in the model with adjustable capital, i.e. in the pure insurance model of section

3.1.

The �rms�maximization problem becomes

max
K;H;L

n
K� [ H� + (1�  )L�]

1��
� � rK � whH � wlL

o
:

The choice of capital obeys the �rst order condition

�K��1 [ H� + (1�  )L�]
1��
� = r:

Hence

K =
��
r

� 1
1�� � [ H� + (1�  )L�]

1
� :

The high skilled wage is given by

wh = (1� �) Ka [ H� + (1�  )L�]
1����

� H��1

= (1� �) 
��
r

� �
1��
[ H� + (1�  )L�]

1��
� H��1;

where the last equality follows from insertion of the expression for optimal capital. We

can rewrite this expression in the following way

wh =
(1� �) 

�
�
r

� �
1�� [ H� + (1�  )L�]

1
� H�1�

 + (1�  )
�
L
H

��� ; (4.B.1)

now as the function g (H;L) � [ H� + (1�  )L�]
1
� is linearly homogenous, we know

that

g (H;L)H�1 = [ H� + (1�  )L�]
1
� H�1 = g

�
1;
L

H

�
:

Hence, the numerator of (4.B.1) depends only on L=H; as does the denominator. In

other words, the wage is given solely by the fraction of high to low skilled employed,

which, in the steady state, is independent of the unions�s policy. The same operations

can be performed for the low skilled wage.
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Appendix C - Robustness

In this section we perform robustness checks for our results. Speci�cally, we solve

the model under a di¤erent elasticity of substitution between high skilled and low skilled

workers. The reason for doing this is that the elasticity used in the baseline calibration

is the measured elasticity of substitution between white collar and blue collar workers

estimated by Katz and Autor (1999). The elasticity of substitution between workers

with the same education but with di¤erent job tenure, which is the interpretation of

high and low skilled workers in this economy, could be di¤erent.

Table 4.C.1 depicts the steady state unemployment rates when the elasticity of

substitution is 2 instead of 1.4. We changed the rest of the calibration in the following

way. We reset the elasticity of substitution and then recalibrated  so as to maintain

the steady state wage inequality. Evidently, the model is not that sensitive to a slightly

higher elasticity of substitution than in the main calibration. In fact, when � = 1=2,

the model �ts the data slightly better than with � = 1� :709:

Table 4.C.1. Robustness. Steady States
� = 1=2

Tranquil Turbulent
Unemployment (%) 0.00 5.28
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CHAPTER 5

Is there Discrimination in Swedish High Schools?

Erik Höglin and Björn Tyrefors�

Abstract. Recent research has found evidence of males being discriminated in

school. We reassess this �nding in a �eld experiment where a random sample of

tests in the Swedish language is subject to blind and non-blind grading. We �nd no

statistically signi�cant evidence of discrimination.

5.1. Introduction

Gender di¤erences are present both in school and in the labor market. A puzzling

empirical regularity is that while females outperform males in school, they generally

have lower wages in the labor market. A large body of literature has studied gender

di¤erences and discrimination in the labor market.1 Much less is known about the

cause of gender di¤erences among individuals before entering the labor market.

In this paper, we ask if gender di¤erences in school performance can be explained by

discrimination. To this end, we compare randomly drawn test scores graded with full

information about the student (non-blind grading) to test scores graded by teachers

with no knowledge of the student�s gender (blind grading).

Applying a di¤erence-in-di¤erence approach allow us to single out the e¤ect of

discrimination. Since we compare the same test twice, di¤erences in ability across

gender are di¤erenced out. We �nd that female students perform better in the tests

than their male counterparts and that blind grading leads to lower test scores for both

genders. However, we �nd no statistically signi�cant evidence of discrimination.

0 �Dep. of Economics, Århus University, btyrefors@econ.au.dk. We have bene�ted from comments
and suggestions from Magnus Johannesson and David Strömberg. Karolina Wallin provided excellent
research assistance. Financial support from the Jan Wallander and Tom Hedelius Foundation is
gratefully acknowledged.

1 See Altonji and Blank (1999) for a survey.
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In a related study using a large data set from Israel, Lavy (2004) �nds that male

high school students are discriminated in a number of subjects. By comparing two

similar tests, graded with and without knowledge of student identity, he argues that

the gender di¤erences are due to discrimination.2 Lavy (2004) is the �rst, and to

our knowledge the only, paper investigating discrimination in schools using a natural

experiment. Thus, there is need for more studies in other countries in order to evaluate

the generality of Lavy�s results. In addition, we make a methodological improvement

by comparing not similar, but the very same tests.3

Gender di¤erences in Swedish schools have previously been studied, but not in a

natural experiment setting. Lindahl (2007) uses data on Swedish junior high school

students to investigate how the di¤erence between the grade on the school leaving

certi�cate and the grade in a national test is related to gender. She �nds that given

a speci�c test score on the national test, female students get higher grades than male

students on the school leaving certi�cate.4 However, even though there is solid evidence

of gender di¤erences in school performance, it does not follow that the di¤erences are

caused by discrimination. To credibly make that argument, we need to rely on some

type of experimental design.5

The next section describes the Swedish school system and the sampling procedure.

In section 5.3 we discuss our empirical strategy. The results are presented in section

5.4 and section 5.5 concludes the paper.

2 Similar identi�cation strategies have been applied by Blank (1991) and Goldin and Rouse (2000),
investigating discrimination in the labor market.

3 A drawback is that for cost reasons, we can only draw a sample of 1000 students. Lavy (2004)
makes use of all secular Jewish schools eligible for the test in the years of 2000-2002.

4 Lindahl�s results are in line with international evidence. See, for example, Emanuelsson and
Fischbein (1986). Moreover, a number of studies have investigated if the e¤ect is related to the
gender of the teacher and the gender/ethnic congruence between student and teacher, e.g. Dee (2005).
However, Holmlund and Sund (2005) �nd no such e¤ects when evaluating the school leaving certi�cates
in Sweden.

5 There is no formal relation between the test score on a national test and the �nal grade in the
subject, which makes a comparison between the two types of grades di¢ cult to use for investigating
discrimination
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5.2. The Swedish High School and Sampling Procedure

After nine years of compulsory schooling, the vast majority of the Swedish youth enroll

in high school education. High school lasts for three years and can be either vocational

training or on an academic track. Both the academic track and the vocational programs

o¤er the same set of core subjects, comprising Swedish, English, math, and social

studies. Basic courses in the core subjects are compulsory and, upon completion, the

student earns basic eligibility for college education.6 In addition to the core subjects,

students on the academic track complete advanced courses in either math/science or

humanities/social studies. Students in vocational programs specialize in their �eld, e.g.

cooking, construction and automobile mechanics.

Students� achievements in di¤erent subjects are graded on a four-tiered ordinal

scale: Fail, Pass, Pass with Distinction and Excellent. To calculate a GPA, the grades

are translated into a cardinal scale with 0 for Fail, 10 for Pass, 15 for Pass with

Distinction and 20 for Excellent. Grades are absolute and the core subjects have

nationally stipulated prerequisites for each grade. The prerequisites are exclusively

based on knowledge criteria. Hence, conditional on the level of knowledge, grades

should not re�ect participation, diligence or ambition. In practice however, teachers

enjoy great discretion when setting grades. Grades are not externally evaluated, so

teachers could base their grades on anything they observe.

Compulsory national tests are given in the core parts of Swedish, English and math.

We focus on the test in Swedish, since we believe that grading a Swedish test allows for

more arbitrariness than, for example, Math. Every academic year, two national tests in

Swedish are constructed by the National Agency of Education in conjunction with the

Department of Scandinavian Languages at Uppsala University. The tests have three

parts, one oral and two written. We use data from the second, more extensive, written

test for the academic year 2005/2006. In this test, students are asked to write an essay

6 Some college educations, e.g. medical schools and college programs aiming at a degree in
Engineering, have additional requirements, such as completed high school courses in Science and/or
advanced Math.
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based on one out of nine topics within a common theme.7 Students choose their topic

with full discretion.

The written part of the national test is graded on the same scale as the subjects.

Teachers are given written guidelines stating the prerequisites for each grade. Once

more, they have great discretion in the actual grading. Moreover, the teachers grade

their own students. No means are taken by the national authorities to ensure that the

guidelines are followed, nor are any evaluations of the schools conducted.

The Swedish school system thus provides us with one of the components needed,

the non-blind grade. To obtain blind test scores, we drew a random sample of 1000

students eligible to take the test.8 Out of the 1000 students in the sample, we received

complete information, that is the actual test, the test score and the student�s identity,

for 677 students.9 Absenteeism is the main cause for not taking the test, but tests

were also missing due to inferior administrative routines at the schools. As many as 96

out of 100 schools participated, but not all schools had proper �ling procedures in line

with the guidelines of the National Agency of Education. In the end, 94 school were

included.

7 We use the fall test of 2005 and the spring test of 2006. The common themes in these semesters
were, Leva Livet (Live Your Life, our translation) and Hur mår du? (How are you?, our translation),
respectively.

8 Being eligible means that a student attends a class that is participating in the course Swedish
B. To perform the random sample, we obtained a complete list of all 467 Swedish public high schools
for 2005/06 and the schools�enrollment data from the National Agency of Education. Based on this
data, we used a two-step procedure to ensure that each student is equally likely to end up in our
sample. In the �rst step, we weighted all schools by the number of enrolled students in the �nal year
2005/06. We then chose 100 schools, where the probability of each school being chosen corresponds
to its weight in the population. Since Swedish public high schools are subject to a law requiring that
documents produced at the schools should be made available to anyone asking for them, we phoned
these 100 schools and asked for the classes that took the test either in the fall of 2005 or the spring
of 2006. After receiving the lists of students in each class, we randomly drew 10 students from each
school. Using this procedure, we thus ended up with a sample of 1000 students where all students in
the population had the same probability of being sampled.

9 It is worth noticing that the National Agency of Education requires that all tests and test
results should be properly �led and also handed out to any citizen according to the Swedish con-
stitution. As compared to the statistics from the yearly collection of test scores, not tests, that
Statistics Sweden does for 200 representative High Schools, we have a somewhat higher response rate.
For Swedish B, their total response rate for 2006 was about 62 %, as compared to 68 % for our
study. According to their de�nitions, about 10 % of the missing values are due to administrative
causes. The rest is due to the fact that eligible students do not take the test, i.e. absenteeism. See
http://www.skolverket.se/content/1/c4/20/08/kursprovrapport%20vt06.pdf
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We had all tests rewritten on a word processor and the students�identities as well

as their teachers�notes deleted. We did this to ensure the re-graders would not be able

to identify the students�gender or be in�uenced by the non-blind grade. Naturally,

nothing else was changed.

As a �nal step, we randomly selected 35-50 tests into groups and hired 15 teachers

from a teachers�agency to regrade one group each. The re-grading teachers did not

know which student�s test they regraded and they had no information regarding the

purpose of the study. We required re-graders to have been grading national tests in

Swedish before. We also accepted a few newly licensed teachers. Since there is a slight

majority of female teachers in Swedish high schools, we required the share of female

teachers to be 50-60 %. Moreover, we required that 75 % of the teachers were licensed

in order to match the corresponding national share. Table 5.1 presents some of the

re-graders�characteristics.10

5.3. Empirical Design

In this section, we develop a di¤erence-in-di¤erence approach in order to investigate

discrimination. Let a non-blind (NB) test score be determined by student i�s ability in

a broad sense, the examiner�s potential prejudice of gender and an error term. Assume

it to be linearly related as

TestscoreiNB = �NB + abilityi + �Malei + uiNB; (5.1)

where Malei is an indicator taking the value of 1 if student i is male and 0 otherwise.

Thus, we can interpret � as a discrimination e¤ect. If � is negative, then male stu-

dents are discriminated and if � is positive, female students are discriminated. The

classical problem with this formulation is that we do not observe ability. If ability is

correlated with gender, e.g. if female students of school age are more mature or for

some reason study harder, then estimating (5.1) without conditioning on ability would

bias � downwards and we could falsely conclude that boys are discriminated, when in

fact female students are more able.

10 For more information, please see the appendix.
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Table 5.1. Re-grading Teachers�Characteristics

Share men 40 %
Share licensed high school 60 %
Share licensed 80 %
Share newly certi�ed 7 %
Share Immigrated 7 %

Thanks to the set up of the study, this endogeneity problem can be taken care of.

Consider an examiner that has no information about gender (B). Then, we simply

have � = 0; and

TestscoreiB = �B + abilityi + uiB: (5.2)

Taking the di¤erence between (5.1) and (5.2) yields

TestscoreiB � TestscoreiNB = (�B � �NB)� �Malei + (uiB � uiNB) : (5.3)

Thanks to the non-blind/blind design and randomization, the OLS estimator of �

is unbiased, since all other factors a¤ecting the test score are di¤erenced out. The

strengths of this method with respect to non-respondents are worth mentioning. Our

estimate of � could be biased through selection. However, only 4 out of 100 schools did

not respond which makes selection very unlikely to be problematic at the school level.

For students being absent on the test date to create a problem, we need their potential

di¤erence in test scores to be related to gender. It is not a problem for our identi�cation

strategy that this group would perform di¤erently from the students taking the test,

since this is taken care of by di¤erencing.

Let Testscoreij be the test score of student i if graded with information j 2
fNB;Bg : Then, (5.3) could be reformulated equivalently as

Testscoreij = �+ Malei + �NBj + �Malei �NBj + "ij; (5.4)

where the coe¢ cient � of the interaction term is the coe¢ cient of interest and has the

same interpretation as before. If � is negative, then male students are discriminated.
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The strength of this equivalent formulation is that it reveals the estimates of the average

e¤ect of performance on a test for male relative to female students (). Moreover, the

indicator NBj, which takes the value of one if the test is graded in non-blindly and

zero otherwise, identi�es the e¤ect of di¤erences in grading behavior between blind and

non-blind grading that is not related to gender. In the subsequent analysis, we will

use equation (5.4) since the estimates of  and � can be matched with previous studies

and hence earn credibility for the representativeness of our sample.

5.4. Results

5.4.1. Descriptives. Out of the 100 schools that we asked for the required mater-

ial for the 1000 students, 96 schools participated and 474 female and 486 male students

were sampled. 147 female and 136 male students were absent or missing due to sub-

standard administrative routines. Table 5.2 contains summary statistics for our �nal

sample of 327 female and 350 male students. In this table and in the rest of the paper

(if not pointed out explicitly), we use the cardinal scale used to calculate GPAs, that

is 0, 10, 15, 20 for Fail, Pass, Pass with Distinction and Excellent.

In line with previous studies, we conclude that female students on average get

approximately 20 percent higher grades than males when graded non-blindly. This

di¤erence is highly signi�cant.11 As expected, blind grading decreases the average

score. Both female and male students get about 18 percent lower grades in the blind

grading procedure than in the non-blind procedure. The di¤erence between genders

is once more highly signi�cant. Looking at the di¤erences of the di¤erence, we see

that the estimate of -0.487 indicates that there might be some discrimination against

boys. However, the di¤erence between genders is not statistically signi�cant at any

reasonable level.

It is of further interest to inspect the distributions at a more detailed level. Figures

5.1 and 5.2 depict the distributions of blind and non-blind test scores. In Figure 5.1, we

clearly see that female students have higher grades than male students in the non-blind

test. A comparison of Figures 5.1 and 5.2 shows a clear tendency of an overall down

11 We perform a standard t-test.
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Table 5.2. Summary Statistics of Female and Male Students

Sample Statistics N Mean Std. Dev.

Female 474
Male 486
Female Absent 147

Male Absent 136

Variables of Interest
Non-Blind Grade, Female 327 13.119 4.689
Non-Blind Grade, Male 350 10.890 5.346
Di¤erence 2: 229���

Blind Grade, Female 327 10.703 5.395
Blind Grade, Male 350 8.957 5.751
Di¤erence 1: 746���

GradeiB �GradeiNB Female 327 -2.415 5.885
GradeiB �GradeiNB Male 350 -1.928 6.002
Di¤erence -0:487

*** Signi�cant at the 1% level,**at the 5% level,*at the 10% level

grading for both genders. Moreover, �gure 5.3 measures the di¤erence between blind

and non-blind test scores and indicates that men have a higher mass around zero, i.e.

were subject to less change of grade. It is worth noticing that more than 50 percent

of the blind grades di¤er from the non-blind grades and that four female students

received the highest grades in the non-blind procedure, while they received the lowest

grade when graded blindly.

5.4.2. Regression results. We now turn to the estimation. Table 5.3 presents

the results from the estimation of (5.4).12 The variable of interest, the interaction

between the male and the non-blind indicator, measures the potential discrimination.

The interpretation of the point estimate in column 1 is that male students get a .487

lower grade on average because of their gender. This e¤ect is not driven by ability or

the nature of the grading procedure. However, the estimate is far from signi�cant.

12 We cluster the standard errors at the school level. However, the level of clustering could also be
chosen to be the level of the re-grading teacher or no clustering. The standard errors are quite similar
across the di¤erent alternatives.
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Figure 5.1. Non-blind Grade.
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Figure 5.2. Blind Grade.
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Figure 5.3. Differences
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Moreover, the point estimate of -.487 is rather low, indicating an e¤ect of 4.8 percent

of the average test score. Thus, the only conclusion we can draw is that there is no

evidence in favor of discrimination of either males or females. The other estimates in

column 1 correspond to previously known results. Males do perform worse. The point

estimate is highly signi�cant and the size of 1.75 means that males get about a 1.75

lower grade on average, when controlling for the potential discrimination e¤ect and the

grading procedure. Finally, the estimate of 2.416 on the variable Non Blind Test means

that, on average, the non-blind score is about 2.416 higher than the blind-score. We

also add controls for schools and re-grading teacher, which could improve e¢ ciency and

also serve as a check for whether the sampling procedure was appropriate. Columns 2

and 3 display the results. The results are qualitatively and quantitatively unchanged,

and the point estimates are once more far from signi�cant.

Although the estimated e¤ects are not signi�cantly di¤erent from zero, it might

still be of interest to investigate the sensitiveness of the point estimates with respect

to outliers, since OLS puts high weight on such observations. Column 4 presents the

results when removing the four students that were given the highest grade in the non-

blind grading and the lowest in the blind grading. Moreover, column 5 shows the

result when also removing the group that was either upgraded from Fail to Pass with

Distinction or vice versa. It is interesting that removing four outliers decreases the

point estimate by approximately one half (column 4). Moreover, when removing 37

students, i.e. about 5 percent of the sample, the point estimate is very close to zero

(column 5).

5.4.3. Extensions and robustness. This sub-section �rst checks for di¤erent

treatments of the grade scale. Second, we extend the analysis to the students in

vocational training and on the academic track. The results are presented in table

5.4.13

So far, we have used the national speci�cation of 0, 10, 15, 20 instead of the ordinal

grade scale. Thus, we only observe count data and not the underlying continuous test

score. Below we run two regressions with di¤erent scaling. First, we re-scale the test

13 Summary statistics is found the appendix.
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Table 5.3. The effects of Discrimination on the Non-blind Test Score

Variables (1) (2) (3) (4) (5)

Discrimination �:487
(:487)

�:487
(:491)

�:487
(:510)

�:270
(:481)

�:007
(:394)

Male �1:75���
(:421)

�1:988���
(:391)

�2:123���
(:428)

�1:879���
(:418)

�2:078���
(:392)

Non Blind Test 2:416���
(:365)

2:416���
(:366)

2:416���
(:380)

2:199���
(:351)

1:715���
(:315)

Re-grading teacher

�xed e¤ect No Yes Yes No No

School �xed e¤ect No No Yes No No

N 1354 1354 1354 1346 1280

R2 0.071 0.142 0.273 0.069 0.065

Notes: Because of pooled data, the number of observations is twice the number of test takers.

Standard errors are clustered at the school level.

*** Signi�cant at the 1% level,**at the 5% level,*at the 10% level

score into 0 for Fail, 1 for Pass, 2 for Pass with Distinction and 3 for Excellent. The

results presented in column 1 of table 5.4 indicate a small insigni�cant e¤ect of �

.103, or about 8 percent of the average score.14 Column 2 presents the result when

we de�ne a dependent variable that is 1 if the individual were downgraded and zero

otherwise, which we evaluate with OLS using (5.3). Thus, we can interpret the estimate

as the probability of being downgraded. The estimated probability is �.049, i.e. the

probability of downgrading is .049 lower for male students. Once more, this e¤ect is

not signi�cantly di¤erent from zero.

It might also be the case that the e¤ects di¤er across other groups. Columns 3

and 4 present the result when estimating the discrimination e¤ect for two sub-groups;

students in vocational training and those on an academic track.15 Since we split the

sample, it is not surprising that the precision becomes worse. However, the point

estimates indicate a larger e¤ect in the group of students in vocational training. On

the academic track, however, the estimate is very close to zero and of a di¤erent sign

than in our baseline speci�cation. Once more, we must point out that the e¤ects are

14 We can also make use of an ordered probit where no cardinal properties are assumed. The results
are not qualitatively di¤erent from those in column 1.
15 There are 33 missing observations on the variables vocational training and academic track.
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Table 5.4. Alternative Specifications

(1) (2) (3) (4)

Variables Re-scale Prob. of down-grad. Vocational Academic
Discrimination �:103

(:073)
�:049
(:040)

�:860
(:663)

:039
(:700)

Controls No No No No

N 1354 677 636 684

R2 0.074 0.003 0.083 0.060

Notes: Because of pooled data, the number of observations is twice the number of test takers,

except for (2). Standard errors are clustered at the school level. SE clustered at the school level.

*** Signi�cant at the 1% level,**at the 5% level,*at the 10% level

not signi�cantly di¤erent from zero.

Finally, we use (5.4) to investigate whether students on the academic track are

discriminated as compared to students in vocational training. We repeat the same

steps as in the main analysis and the results are presented in table 5.5.

There is a slightly higher discrimination e¤ect of students on the academic track

versus students in vocational training (column 1). The point estimate of �0.849 is

about the size of 8 percent of the average score. The point estimate is only signi�cant

at the 12 % level, however. Hence, we should interpret the e¤ect with caution. Adding

�xed e¤ects for re-grading teacher, column (2), and schools, column (3), neither a¤ects

the estimate nor the standard errors in any substantial way. In columns (4) and (5),

we have, as previously, removed the outliers. In contrast to gender, the point estimate

of discrimination of students on the academic track is not as sensitive. Finally, we add

a male dummy control, as presented in column (6), which does not a¤ect the estimates,

however.

5.5. Conclusions

In this paper, we ask if gender di¤erences in school performance can be explained by

discrimination. The causes of gender di¤erences among individuals before entering the

labor market are still not known. Previous studies have suggested that some of the

inferior outcomes of male students could be explained by discrimination.
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Table 5.5. Discrimination on the Academic Track

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

Discrimination �:849
(:543)

�:849
(:545)

�:849
(:563)

�:736
(:531)

�:672
(:466)

�:849
(:543)

Academic 3:604���
(:542)

3:503���
(:502)

2:655���
(:685)

3:562���
(:539)

3:634���
(:535)

3:507���
(:538)

Non Blind Test 2:516���
(:373)

2:516���
(:375)

2:516���
(:387)

2:349���
(:374)

1:987���
(:331)

2:516���
(:373)

Re-grading teacher

�xed e¤ect No Yes Yes No No No

School �xed e¤ect No No Yes No No No

Male dummy No No No No No Yes

N 1320 1320 1320 1312 1248 1320

R2 0.1212 0.177 0.206 0.120 0.123 0.149

Notes: Because of pooled data, the number of observations is twice the number of test takers.
Standard errors are clustered at the school level.

� � � Signi�cant at the 1%level, **at the 5% level,*at the 10%level

However, when we compare randomly drawn test scores graded with full information

about the student (non-blind grading) with test scores graded by teachers with no

knowledge of the student�s gender (blind grading), we �nd no evidence of systematic

discrimination. In many speci�cations, the point estimate is close to zero and all our

estimates are insigni�cant. In line with previous studies, we �nd that females are

performing better in the tests than men and that a blind grading procedure leads to

more conservative grading. However, these e¤ects are unrelated to discrimination.
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Appendix A. Information given to Re-graders.

Hello!

You have now received a package that, besides this document, consists of a number

of (35-50) �les in Word. Every �le represents one student�s national test in Swedish.

In addition, you should also have received the instruction materials and guidelines

provided for the test by the National Agency of Education

The Word documents you have received are computer written versions of the orig-

inal. The sta¤ that re-wrote the tests on a computer has to the largest possible extent

portrayed the language in the original. Naturally, all original errors have been kept.

The re-writers have indicated with a [..] when they in�uenced the text. For example,

something that is not readable is denoted [not readable]. In the same way [new page]

indicates a new page in the original. Moreover, [-] indicates that the student has hy-

phenated or tried to hyphenate the word into syllables. For example, if the original

says cracker-bread, then the re-writer has written cracker[-]bread.

We want you to prepare yourself by studying the material from the National Agency

of Education, in the same manner as you would have done if you had graded the tests

while working at a school. Then, we want you to grade the texts on a scale from Fail

�Excellent. Please note that a student might have chosen a text that could render no

more than a Pass with Distinction (see the instructions from the National Agency of

Education).

Moreover, it is of importance that you read the tests on a print-out from the

computer and not on a computer screen. This is because we want you to act as

you do normally when you grade a national test in Swedish B. However, we are only

interested in the grade, so you need not send us your additional comments.

When you have graded a test, you should register the grade in the attached Excel

�le. Please, note that every test has an Id-number which should be matched with your

grade.

Thank you.
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Appendix B. Summary Statistics. Vocational Training and Academic

Track

Table 5.B.1. Summary Statistics of Female and Male Students

Sample Statistics N Mean Std. Dev.

Vocational 456

Academic 448

Vocational Absent 147

Academic Absent 136

Variables of Interest
Non-Blind Grade, Vocational 318 10.535 5.331

Non-Blind Grade, Academic 342 13.289 4.603

Di¤erence 2:754���

Blind Grade, Vocational 318 8.019 5.417

Blind Grade, Academic 342 11.623 5.243

Di¤erence 3:604���

GradeiB �GradeiNB Vocational 318 -2.516 6.098

GradeiB �GradeiNB Academic 342 -1.667 5.782

Di¤erence �0:849�

*** Signi�cant at the 1% level,**at the 5% level,*at the 10% level


