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Introduction

This thesis consists of four independent papers covering macroeconomic topics such
as unemployment insurance, retirement, business cycles and disability insurance. The
unifying theme connecting all papers is the importance of health when addressing
these issues. The first paper derives the optimal insurance against unemployment and
disability in a setting where individuals can determine the probability of becoming
disabled by exerting prevention effort. The second paper develops a life cycle model
of labor supply and retirement to study the interactions between health and the labor
supply behavior of older workers, in particular disability insurance and retirement. The
third paper looks at the role of health in a business cycle framework. Here, health is
treated as an asset that generates time and utility. The last paper derives a theoretical
model of the application decision for disability benefits and proposes an empirical
strategy for measuring screening stringency in the disability insurance program.

1. Optimal Social Insurance with Endogenous Health

This paper analyzes optimal insurance against unemployment and disability in a
private information economy with endogenous health and search effort. The question
of how a government should insure workers against unemployment and disability is a
recurring and controversial theme in the public policy debate. In the last twenty years
many developed countries have reformed their unemployment insurance programs in
order to decrease costs for the government and make people return to employment.
These changes have often included a decrease in benefits if the worker is unemployed
longer than a certain amount of time. While these reforms obviously increase the in-
centives of unemployed workers to find new employment, it might also create situations
in which the long-term unemployed would rather exit the labor force, and go on dis-
ability insurance, than continue trying to find new employment. Empirical studies, e.g.
Larsson (2006) and Karlstrom, Palme, and Svensson (2008), have shown that substi-
tution between social insurance programs is indeed a common phenomenon. In order
to receive disability insurance benefits, an individual either has to falsely claim to be
unable to work or actually become unemployable. The former is a well known problem
and taken into account when designing unemployment and disability insurance sys-
tems. This issue is also addressed in this paper. The idea that strict unemployment
insurance systems can create incentives for individuals to actually become disabled has,
to my knowledge, not yet been formally investigated.

To study this issue, I combine unemployment and disability insurance in one frame-
work and assume that the probability of becoming disabled is endogenous. Combining

1



2 INTRODUCTION

moral hazard and adverse selection, enables me to study the optimal design of unem-
ployment insurance when individuals have the option to leave the labor force. In this
framework I am also able to analyze how unemployment and disability benefits should
depend on the employment history. I assume that individuals, whether employed or
unemployed, can exert so-called prevention effort. In so doing, they increase the prob-
ability of remaining healthy, and hence staying in the labor force, for one more period.
Furthermore, an unemployed individual has the option of exercising search effort, which
increases the probability of finding employment in the next period. Both the prevention
and the search effort are costly in terms of utility. Disability is an absorbing state. The
planner’s goal is to minimize the expected discounted cost of providing the individual
with a certain level of utility. I first consider the full information case in which the
planner can observe effort levels and the individual’s state of health and employment.
I then relax those assumptions and assume that the planner can only observe whether
an individual works or not, i.e., the planner cannot distinguish between unemployment
and disability and he cannot observe effort levels. I show that the optimal sequence of
consumption and promised utilities of an employed worker is increasing with tenure.
Once a worker is disabled, she will receive constant benefits and her utility will re-
main constant. During unemployment, decreasing benefits are not necessarily optimal
anymore. The prevention constraint implies increasing benefits and promised utilities
during unemployment while the search constraint has the opposite effect. However,if
individuals respond sufficiently much to search incentives, the latter effect dominates
the former and the optimal consumption sequence is decreasing during unemployment.

2. A Life Cycle Model of Health and Retirement:
The Case of Swedish Pension Reform

In this paper we develop a life cycle model of labor supply and retirement to study
the interactions between health and the labor supply behavior of older workers, in
particular disability insurance and pension claiming. Faced with ageing populations
and the looming insolvency of social security, governments the world over are grappling
with the question of how to reform retirement programs. Understanding how changes
to retirement programs affect life cycle labor supply, particularly retirement behavior, is
critical for assessing the effects of these changes on allocations, welfare and government
finances. Accurate assessments require a model of retirement that captures the key
forces underlying retirement decisions.

Various institutional features have potentially large implications for the labor sup-
ply behavior of older workers; key among them are the design of pension systems,
disability insurance and healthcare. Disability insurance is particularly relevant, as
in many countries a large fraction of retirement occurs before the normal retirement
age. A discussion of disability insurance programs naturally leads to a discussion of
health, as disability insurance programs without exception have some eligibility criteria
regarding health. Health, in turn, has potential implications for labor supply outcomes
both directly and through the healthcare system.

In this paper, we construct a life cycle model of labor supply and retirement, which
enables us to study the interactions between health, disability insurance and old-age



INTRODUCTION 3

retirement benefits. The key features of our framework are that individuals choose
when to stop working and, given eligibility criteria, when/if to apply for disability and
pension benefits. Individuals care about their health and can partially insure against
health shocks by investing in health. The fact that people can impact their own health
and choose whether or not to claim disability benefits, are novel features in relation to
the existing literature.

While many countries have come to understand the need for social security reform,
Sweden is one of the few countries to have actually undertaken a major pension reform
in recent years. While there are big expectations of the reform, to the best of our
knowledge no formal analysis of the expected implications of the changes to the pension
system exists to date. We use our model to study the labor supply implications of the
recent Swedish pension reform and to ask what particular aspects of the reform are
driving the results. We find that the Swedish pension reform creates large incentives
for older workers to continue working longer. Our main findings are threefold: (1) the
model predicts an increase in the average retirement age of 2.3 years from 62.4 to 64.7,
and (2) there is an increasing tendency for workers to continue working while collecting
pension benefits, but (3) the fraction of older workers claiming disability insurance only
declines by roughly one percentage point, from 18.6% to 17.7%.

3. Health and Business Cycles

This paper develops a framework to analyze the interactions between health and
business cycles. The importance of health for growth and economic development has
been greatly acknowledged. Most studies, however, consider health an exogenous vari-
able rather than something the individual can influence himself. A justification for not
modeling health explicitly is that, if health is endogenous, it can be assumed to be a
part of human capital. However, health is more than just a part of human capital.
Besides affecting labor supply and productivity, health affects survival probabilities
and also has direct utility effects. The former operates through the effective discount
factor which impacts the attractiveness of saving.

In this paper, I incorporate endogenous health into a business cycle model. The
individual’s health is determined by his stock of health capital and a stochastic com-
ponent. Health increases the individual’s utility as well as the total time the individual
can spend on either work or leisure. The individual invests in health capital as well as
in physical capital. He further decides how much of his available time to allocate to
labor supply and how much to leisure.

In this setting, I analyze the effects of health and productivity shocks on the vari-
ables in the model and derive the optimal investment in health capital. I show that
an unexpected decline in health causes a reduction in output, consumption and labor
supply. In response to a decline in health, the individual increases investment in health
capital and reduces savings accordingly. I also show that a positive shock to produc-
tivity increases both health and physical capital investment. Better health therefore
leads to increased savings. Higher productivity, in turn, increases savings and improves
health.
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4. Screening Stringency in the Disability Insurance Program

The disability insurance program has become one of the largest income maintenance
programs in modern welfare states." Autor (2011) shows that, in the U.S., the share of
25-64 year olds receiving benefits from the Social Security Disability Insurance (SSDI)
increased from 2.3 to 4.6 percent between 1989 and 2009. Sweden has also experienced
a large growth in disability benefits recipiency. The share of 30-64 year olds receiving
disability benefits increased from 8 to 12 percent between 1985 and 2008. In this
period, the fluctuations in the award rate have been large.

In both the U.S. and Sweden, changes in screening stringency seem to be impor-
tant for the growth of the disability insurance program. Changes in formal eligibility
criteria are easily observable but the actual screening stringency also depends on the
implementation of formal program rules, such as caseworker discretion and internal pro-
cesses at the Social Insurance Agency. The contribution of changes in actual screening
stringency to program growth has therefore been difficult to evaluate. One potential
indicator of screening stringency is the denial rate. However, the denial rate depends on
the composition of the applicant pool and the decision to apply for disability benefits
is potentially correlated with screening stringency.

In this paper, we provide a theoretical model showing that the denial rate does not
necessarily capture the screening stringency of the disability insurance program if the
application decision depends on the likelihood of getting admitted. We further show
that the relative health of awarded beneficiaries versus non-beneficiaries improves with
a reduction in screening stringency. Based on this result, we propose an empirical
strategy for assessing changes in screening stringency in the disability insurance pro-
gram over time. We use the mortality rate after admittance as an objective measure of
health and estimate the excess mortality of new disability beneficiaries over time. The
strength of the empirical strategy is that it captures changes in screening stringency
both due to changes in formal eligibility criteria and due to changes in the imple-
mentation of program rules. The latter aspect has been difficult to assess in previous
studies.

Applying the empirical strategy to Sweden, we find that changes in screening strin-
gency are an important contributing factor for the fluctuations in the disability benefit
award rate over time. Screening stringency was comparatively low during the peri-
ods of large inflow to the program in the late 1980s and the early 2000s, whereas the
rapid decline in disability benefit awards since 2005 is reflected in a substantial increase
in screening stringency. The removal of eligibility for pure labor market reasons for
workers aged 60-64 results in an increase of the relative screening stringency for older
workers compared to younger. The large inflow of women compared to men during the
early 2000s corresponds to a relatively lower screening stringency for women.

1 See e.g. Wise (2012) for a more detailed description of disability insurance programs in several
developed countries.
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PAPER 1

Optimal Social Insurance with Endogenous Health

Tobias Laun

ABSTRACT This paper analyzes optimal insurance against unemployment
and disability in a private information economy with endogenous health
and search effort. Individuals can reduce the probability of becoming dis-
abled by exerting, so-called, prevention effort, which is costly in terms
of utility. A healthy, i.e., not disabled, individual either works or is un-
employed. An unemployed individual can exert search effort in order to
increase the probability of finding a new job. I show that the optimal
sequence of consumption is increasing for a working individual and con-
stant for a disabled individual. During unemployment, decreasing benefits
are not necessarily optimal in this setting. The prevention constraint im-
plies increasing benefits over time while the search constraint demands
decreasing benefits while being unemployed. However, if individuals re-
spond sufficiently much to search incentives, the latter effect dominates
the former and the optimal consumption sequence is decreasing during
unemployment.

1. Introduction

The question of how a government should insure workers against unemployment and
disability is a recurring and controversial theme in the public policy debate. In the last
twenty years many developed countries have reformed their unemployment insurance
programs in order to decrease costs for the government and make people return to
employment. These changes have often included a decrease in benefits if the worker
is unemployed longer than a certain amount of time. While these reforms obviously
increase the incentives of unemployed workers to find new employment, it might also
create situations in which the long-term unemployed would rather exit the labor force,
and go on disability insurance, than continue trying to find new employment. Empirical
studies, e.g. Larsson (2006) and Karlstrom, Palme, and Svensson (2008), have shown
mhor thanks Lars Ljungqvist, Johanna Wallenius, David Domeij, Nils Gottfries, Sebastian
Koehne, Lisa Jonsson and seminar participants at Stockholm School of Economics, Institute for Inter-
national Economic Studies, Swedish Institute for Social Research and Uppsala University for helpful

comments and suggestions. Financial support from the Jan Wallander and Tom Hedelius Foundation
at Svenska Handelsbanken is gratefully acknowledged.
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8 OPTIMAL SOCIAL INSURANCE WITH ENDOGENOUS HEALTH

that substitution between social insurance programs is indeed a common phenomenon.
In order to receive disability insurance benefits, an individual either has to falsely claim
to be unable to work or actually become unemployable. The former is a well known
problem and taken into account when designing unemployment and disability insurance
systems. This issue is also addressed in this paper. The idea that strict unemployment
insurance systems can create incentives for individuals to actually become disabled has,
to my knowledge, not yet been formally investigated.

To study this issue, I combine unemployment and disability insurance in one frame-
work and assume that the probability of becoming disabled is endogenous. Combining
moral hazard and adverse selection, enables me to study the optimal design of unem-
ployment insurance when individuals have the option to leave the labor force. In this
framework I am also able to analyze how unemployment and disability benefits should
depend on the employment history. I assume that individuals, whether employed or
unemployed, can exert so-called prevention effort. In so doing, they increase the prob-
ability of remaining healthy, and hence staying in the labor force, for one more period.
Furthermore, an unemployed individual has the option of exercising search effort, which
increases the probability of finding employment in the next period. Both the prevention
and the search effort are costly in terms of utility. Disability is an absorbing state. The
planner’s goal is to minimize the expected discounted cost of providing the individual
with a certain level of utility. I first consider the full information case in which the
planner can observe effort levels and the individual’s state of health and employment.
I then relax those assumptions and assume that the planner can only observe whether
an individual works or not, i.e., the planner cannot distinguish between unemployment
and disability and he cannot observe effort levels. I show that the optimal sequence of
consumption and promised utilities of an employed worker is increasing with tenure.
Once a worker is disabled, she will receive constant benefits and her utility will re-
main constant. During unemployment, decreasing benefits are not necessarily optimal
anymore. The prevention constraint implies increasing benefits and promised utilities
during unemployment while the search constraint has the opposite effect. However,if
individuals respond sufficiently much to search incentives, the latter effect dominates
the former and the optimal consumption sequence is decreasing during unemployment.

The literature on optimal unemployment insurance started with Shavell and Weiss
(1979). They show that if individuals have no wealth, cannot borrow and can influ-
ence the probability of finding a job, monotonically decreasing benefits throughout
unemployment are optimal.

Hopenhayn and Nicolini (1997) extend the model of Shavell and Weiss (1979) and
apply the recursive solution methods for repeated games and dynamic principal-agent



1. INTRODUCTION 9

problems.! They show that unemployment benefits are monotonically decreasing with
the length of unemployment. Furthermore, after the individual finds employment there
is a wage tax which depends on the unemployment history. A tax which is increasing
with the length of previous unemployment is optimal, because this reduces claims to
consumption in all future states (employment and unemployment), and hence, gives
a stronger incentive to search for a job. In numerical simulations the authors also
show that, for certain parameter values, the wage tax is negative (i.e., a subsidy) for
individuals who were unemployed for five weeks or less.

In a setting in which an individual must exert effort not only to find a job but also to
remain employed, Hopenhayn and Nicolini (2009) show that monotonically decreasing
unemployment benefits are optimal. In other words, the presence of moral hazard while
working does not alter this basic finding. The authors assume that work causes a certain
level of disutility and allow for the possibility of quits which are indistinguishable from
lay-offs. For a high enough level of disutility, unemployed individuals who find a new
job prefer to quit after one period of employment and return to unemployment with
increased benefits. In order to prevent quits, the promised utilities have to increase with
the duration of employment. This increasing utility profile is achieved by decreasing
the wage tax (i.e., increasing consumption) with the length of employment.

Fredriksson and Holmlund (2001) analyze a model with two states of unemploy-
ment: insured and uninsured. Here, decreasing benefits are defined as a drop in con-
sumption when going from insured to uninsured unemployment. The optimality of
this drop cannot be established analytically. Higher benefits for insured individuals
increase the search incentives of the uninsured because finding employment entitles the
individual to those higher benefits in the future. However, more generous benefits in
the first stage of unemployment reduce the search incentives for insured individuals by
making employment comparatively less attractive. The authors numerically show that
this wage pressure effect is dominated by the entitlement effect and that decreasing
unemployment benefits are therefore optimal.

For a more thorough review on the literature on optimal unemployment insurance
see Fredriksson and Holmlund (2006).2 An issue not addressed in the literature is
the possibility for workers to leave the labor force. If individuals only have a choice
between being unemployed or working, providing them with incentives to search for
a job is easier than when they also have the option to go into other social insurance

1 For more on these solution methods, see for example Spear and Srivastava (1987), Thomas and
Worrall (1990), Abreu, Pearce, and Stacchetti (1990), Atkeson and Lucas (1992) and Chang (1998).

2 A few examples include Baily (1978), Flemming (1978), Wang and Williamson (1996), Acemoglu
and Shimer (1999), Boone, Fredriksson, Holmlund, and van Ours (2007) Pavoni and Violante (2007),
Pavoni (2007), Hagedorn, Kaul, and Mennel (2010).
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systems, e.g. disability insurance. Given the importance of disability insurance in
many countries, it is, therefore, crucial to take disability insurance into account when
designing optimal unemployment insurance.

Optimal disability insurance was first investigated by Diamond and Mirrlees (1978).
In their model, individuals either have full or no work capacity and the government
cannot distinguish between those who cannot work and those who choose not to work.
They show that, in the optimum, individuals are indifferent between working and not
working and that a tax on savings should be part of the optimal social insurance policy.
Disability benefits are higher the longer the individual previously worked.

An example of the more recent literature on disability insurance is Golosov and
Tsyvinski (2006). They define disability as a permanent negative shock to the individ-
ual’s skill level. At the beginning of each period this shock occurs with an exogenous
probability. Whether an individual experienced such a shock or not is private infor-
mation. With full information, the optimal allocation implies full insurance against
disability, i.e., the consumption of the able and the disabled worker are equal. The
second-best optimum with private information is characterized by an able individual
having consumption increasing in the duration of her work history. Once disability
occurs, the individual’s consumption drops and remains constant after that.

A common assumption in the literature on optimal disability insurance is that
individuals can only be in two possible states: work or retirement. Introducing a third
state, namely unemployment, implies that the age at which one stops working and
the retirement age are not necessarily equivalent. The question, whether benefits are
still increasing in the retirement age or only increasing in the time spent working, thus
arises. Moreover, it is worth exploring how unemployment affects the level of disability
benefits.

The work closest related to mine is Hoglin (2008). He was the first to look at unem-
ployment and disability insurance simultaneously. In the second chapter of his thesis
he combines the models of Hopenhayn and Nicolini (1997) and Diamond and Mirrlees
(1978). In his framework, there is an exogenous probability that employed individu-
als can become unemployed or disabled. The probability of an unemployed individual
finding a job depends on her search effort. The probability of becoming disabled is
exogenous and the same as for employed individuals. Disability is an absorbing state.
The author shows that in the optimum employed and disabled workers have constant
consumption, while unemployed individuals face decreasing benefits over time. These
findings resemble the results of Hopenhayn and Nicolini (1997). Another result is that
the length of employment is irrelevant for the level of benefits the individual receives

when she becomes unemployed or disabled. This stands in stark contrast to the results
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of Diamond and Mirrlees (1978) who find that benefits are increasing in the length
of employment. The decreasing unemployment benefits and the irrelevance of employ-
ment history both stem from the assumption that disability is an exogenous state. The
individual does not need to be provided with an incentive to work because job loss and
disability are exogenous. While unemployed, benefits can be decreasing in order to
provide search incentives without running the risk of creating incentives to leave the
labor force.

The key distinction between this paper and Hoglin (2008) is that here the proba-
bility of becoming disabled is endogenous. This implies that when designing optimal
unemployment insurance one faces a trade-off between providing incentives to search
for a job while at the same time keeping the individual in the labor force. This addi-
tional constraint makes characterizing the solution more difficult but it is necessary in
order to avoid creating the wrong incentives.

The structure of the paper is as follows. In section 2, I characterize the environment
of the model. Section 3 analyzes the autarky case, where there is no insurance provided
by the planner. In section 4, I describe the planner’s problem, and in section 5, I derive
the optimal insurance for the full information case and for the case of asymmetric
information. Section 6 provides a numerical illustration of the model, and section 7
concludes. All proofs can be found in the appendix.

2. The Environment

In this model an individual can be in one of three possible states; healthy and
employed, healthy and unemployed, or disabled. Following Diamond and Mirrlees
(1978), I assume that disability is an absorbing state. Disability should, in this context,
be interpreted as a state of non-employability, i.e., a permanent loss of work capacity.
The prevention effort is hence an effort to remain employable. Disability itself, however,
has no direct utility effects and individuals do not necessarily want to avoid it at any
cost.

An employed individual earns the constant wage w > 0 and maximizes her utility by
choosing a level of prevention effort a; > 0. An unemployed individual earns no income
and chooses jointly the optimal levels of prevention and search effort: a; > 0 and e; > 0.
A disabled individual also has no income and, since disability is an absorbing state,
does not exert any search or prevention effort. Following the literature on repeated
moral hazard, individuals have no access to credit markets or storage technology. The
planner can hence directly control their consumption.
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Hopenhayn and Nicolini (2009) make the simplifying assumption of discrete effort
levels, i.e., e, = e > 0 or ¢, = 0. They argue that a continuum of effort levels? compli-
cates the analysis significantly without providing additional insights. That is true for
their case with only one incentive problem, that is, the search-incentive problem. How-
ever, making this assumption here, in the presence of two incentive problems (search
and prevention), leads to multiple equilibria with different combinations of binding and
non-binding constraints.

If a worker exerts prevention effort a;, then the probability of remaining employable
in the next period is p(a;). The function p(-) is strictly increasing, strictly concave
and twice differentiable. Prevention effort can be thought of as typical prevention
measures, such as exercising, a healthy diet and regular medical checkups, as well as
seeking treatment for medical problems. Jonsson, Palme, and Svensson (2012) show
that circulatory diseases and musculoskeletal diseases are common reasons for awarding
disability benefits in Sweden. These are arguably areas in which the individual can
influence the probability of becoming sick by exerting some kind of prevention effort.

The probability of remaining on the job when employed is exogenous and given by
s > 0. The unemployed individual will remain employable in the next period with
probability p(a;) and she will find a job with probability g(e;). The function ¢(-) is
also strictly increasing, strictly concave and twice differentiable.

As in Hopenhayn and Nicolini (1997), effort is costly in terms of utility. An indi-
vidual’s expected lifetime utility is then given by

E Z B [uler) — ar — e

t=0
where 0 < 8 < 1 is the discount factor, ¢; is consumption and u(-) is strictly increasing,
strictly concave and twice differentiable. I further assume that u(0) is well defined.

The individual’s only source of income is the transfer from the planner and her
wage if she is working.* The planner has unlimited access to a perfect capital market
(with a constant gross interest rate equal to 1 / 3) while the individual can neither
lend nor borrow.

The state of an individual is private information. The planner can only observe
the individual’s income and from this infer whether she is employed or not. He cannot
distinguish between an unemployed and a disabled individual. The effort levels are
also unobservable.

3 As it is the case in this model or in Hopenhayn and Nicolini (1997).
4 Since the planner can control the individual’s consumption with the transfers, I use the terms
transfer and consumption interchangeably throughout this paper.
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3. Autarky

In autarky there is no planner to provide insurance against unemployment and
disability. An employed worker consumes her wage, w, and decides on how much
prevention effort to exert. The autarky value of being employed is then

Vit = I({@g{ {U(w) —a+ Bp(a) [Svaeuz + (1 - S)V;Lt] + 5[1 - p(G)WZZt} , (1‘1)
where V%, and V¢, are the autarky values of being unemployed and disabled respec-

tively. Recall that, p(a) is the endogenous probability of remaining employable while s
is the exogenous probability of remaining employed. Since there are no state variables
in this problem, there is a time-invariant optimal prevention effort and an associated
value of being healthy and employed.

The healthy but unemployed individual has no income in autarky, and hence, zero
consumption. She has to determine the optimal levels of prevention and search effort.
Her problem is given by

Vow = max {u(0) —a— e+ Bp(a) [a(e)Vyu + [1 — a(@)]Va ] + Bl = p(@)]Vii ), (1.2)

where ¢(e) is the endogenous probability of finding a new job.

The disabled worker has no consumption in autarky. Since disability is an absorbing
state, there are no decisions about effort levels. Furthermore, the value of being in this
state is

u(0
Vailn, =u(0) + Bvﬁn A ‘/al,i,t =1 E )ﬁ

Equations (1.1) — (1.3) together determine the autarky levels of utility. These

(1.3)

utility levels provide a lower bound for the planner. If he were to promise less than
those values, the individual would not participate in the insurance system.

4. The Planner’s Problem

The aim of the planner is to minimize the expected discounted cost of providing
the individual with a certain level of utility. The planner does so by choosing the
individual’s consumption in the current period, and by promising her a certain utility
level in the next period in an incentive compatible way. As in Spear and Srivastava
(1987), the problem can be defined recursively with the individual’s promised utility
acting as a state variable which summarizes the employment history.

4.1. Employed Worker. An employed worker faces the problem of determining
the optimal prevention effort. She receives the transfer ¢ — w from the planner, and
hence, has a consumption of ¢®. Furthermore, she is promised a utility of V¢ if she
remains employed in the next period. If she becomes unemployed, she is promised
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a utility of V%, If she becomes disabled, her promised utility is V*¢. Given these
continuation values and consumption, the employed worker solves the following problem
max {u(c?) = a®+ Bp(a®) [sV + (1 = )V + B[1 — p(a)| VI},

The first-order condition is given by
By’ (a®) [5\/6’e + (1 —s)Vo" — Ve"i] <1, (1.4)

with equality for a® > 0. The left hand side of this inequality represents the benefit from
a marginal increase in prevention effort, which consists of an increase in the probability
of remaining employable multiplied by the corresponding utility benefit. The latter is
the difference between the utility of being healthy, that is, the probability weighted
average of the utilities in case of employment and unemployment, and the utility of
being disabled. The optimal prevention effort, therefore, depends on the utility levels
promised by the planner.

Since this is a repeated game, the individual working in the current period was
promised a certain utility level in the previous period. This utility promise has to be
kept by providing the individual with a consumption level ¢, and in turn, promising
utility levels for the next period. If the planner previously promised to provide the
employed worker with a utility level of V¢ the promise-keeping constraint is given by

Ve < u(e’) — af + Bp(a”) [V + (1 - )V 4 B - p(a) VL (L)

Since the planner cannot distinguish between an unemployed and a disabled in-
dividual, the unemployed worker has to be given an incentive to not falsely claim
disability. This moral hazard can be prevented by making sure that an unemployed
individual always enjoys a utility at least as high as that of a disabled individual. This
truth-telling constraint is given by

yed < yeu, (1.6)

The problem of the planner is now to minimize the cost of providing consumption
and continuation values to the employed worker such that the prevention-incentive
constraint (1.4), the promise-keeping constraint (1.5) and the truth-telling constraint
(1.6) are fulfilled.

C. (V)= min {ce —w+ Bp(a®) [sCL(VE) + (1 — 8)Cu (V)]

cc,ae’ve,eﬁve,uﬁvc,d
+ 811 pla)] Ca(Ve) |

subject to conditions (1.4) — (1.6). C.(+), Cyu(-) and Cy(-) are the minimized costs of
providing utility to an employed, an unemployed and a disabled individual, respectively.
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Assigning the Lagrange parameters v¢ to the promise-keeping constraint (1.5), §¢ to
the prevention-incentive constraint (1.4) and 8n° to the truth-telling constraint (1.6),

yields the following first-order conditions

7 =ﬁ, (1.7)
Co(Ver) =7+ 56];((2:)), (1.8)
e A ] o
Cived) = = o s (1.10)

The Envelope theorem further implies that
CL(Ve) =4~ (1.11)

4.2. Unemployed Worker. The unemployed individual receives a transfer c*
from the planner. In addition, she is promised a utility of V* if she finds employment.
If she remains employable but does not find a job, she is promised a utility level of
V%t If she becomes disabled, her promised utility is V*¢. The individual takes these
values as given and maximizes her utility with respect to the levels of prevention and
search effort.

Jnax {u(e) —a" —e" + fpa*) [a(¢ )V + [1 ()] V"] + B[1 - pla")] Vet

The first-order condition with respect to prevention effort is given by
ﬁp/(au) [q(eu)vu,e + [1 o q(eu)} YVuwu _ Vu,d} S 17 (112)

which has a similar interpretation as condition (1.4). The first-order condition with
respect to search effort reads

Bp(at)g () Ve = Vi < 1. (1.13)

A marginal increase in search effort yields an increase in the probability of finding
employment. Multiplying this increase by the probability of remaining employable,
p(a*), and the utility difference associated with finding a job, V%€ — V% yields the
benefit of a marginal increase in search effort.

Both first-order conditions hold with equality for a*, e* > 0, respectively.

An individual who was unemployed in the previous period was promised a utility
of V" in case of continued unemployment. The planner now has to fulfill this promise
by providing the individual with consumption and by promising utility levels for all
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three possible future states. The promise-keeping constraint can be written as
V' < u(e) = — e+ Bp(a”) [g )V + (1= q(e) V4] + B[1 = pla®)] VP2, (1.14)

Since the planner cannot distinguish unemployment from disability, the individual
needs to be provided with an incentive to truthfully report her state of employability.
The utility from being unemployed has to be at least as high as that from disability.
The truth-telling constraint is given by

Vud < (1.15)

The planner now solves the problem of providing consumption and promising util-
ities to an unemployed individual in a cost-minimizing and incentive compatible way

G = min e Bpa) o) OV + (L= gle)] OV
+ B[ = pla)] Ca(V* )}

subject to the conditions (1.12) — (1.15). The first-order conditions are given by
1

o =7 (1.16)
@) ()
Ce(V*e) =" +4 @) T e (1.17)
! URTAN up/(a’u) u q/(eu) u 1
CulV) =y 0y T ey P e —gey (Y
! ud\ _u _ Su pl( ) _u 1
CL (V) = 1) = p(a") n l—p(a")' (1.19)

where " is the Lagrange parameter for the promise-keeping constraint (1.14), 6* is
the multiplier for the prevention-incentive constraint (1.12), p* is the multiplier for
the search-incentive constraint (1.13), and fn* is the parameter for the truth-telling
constraint (1.15).
The Envelope conditions is
LV = (1.20)

4.3. Disabled Worker. Disability is an absorbing state, and the disabled individ-
ual cannot exert any search or prevention effort. Therefore, the planner does not have
to consider any incentive constraints when providing consumption and continuation
values to a disabled individual. The only constraint to consider is the promise-keeping
constraint. For a disabled individual who was promised a utility of V¢, this constraint
reads

Ve <u(ct) + v, (1.21)
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where ¢? is the transfer to the disabled individual and V% is the utility promised in
the next period of disability.
The planner’s problem is now given by

dy _ : d d,d
Cav?) = muin {'+ BCV*)}

subject to the promise-keeping constraint (1.21).
Letting v be the Lagrange parameter on the promise-keeping constraint, the first-
order conditions are

1
d 1.22
Co(vei) =1, (1.23)
The Envelope condition reads
Ca(Vh) =~ (1.24)

5. Optimal Insurance

Using the results from the previous section I am now able to derive the optimal
insurance against unemployment and disability. In order to establish a benchmark
case, I first assume that the planner has full information.

5.1. Full Information. Full information implies that the planner can distinguish
between an unemployed and a disabled individual and that he is able to observe the
individual’s effort levels. The first assumption implies that the truth-telling constraint
does not have to be considered, while the second assumption makes the prevention-
incentive and the search-incentive constraints obsolete. The Lagrange parameters asso-
ciated with those constraints can hence be set equal to zero in the first-order conditions.

5.1.1. Employed Worker. After setting the Lagrange parameters §° and n° equal to
zero, the first-order conditions with respect to the promised utilities together with the
Envelope condition imply®

CUV®) = CUVE) = CLV™) = Cyve) (1.25)

Because of the strict convexity of C,(-), the first equality implies that the utility level
of an employed worker remains constant while employed, i.e., V¢ = Ve,

If an employed individual remains healthy and does not lose her job, she is guar-
anteed a utility of V¢ in the next period. Facing such an individual, the planner has
first-order conditions similar to the ones presented above. In particular, the first-order

5 See equations (1.8) — (1.11).
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condition with respect to consumption and the Envelope condition are given by

e,e 1 e,e e,e
v = Vi) and CL(V*%) =~
This implies
1
Ci(Vee) = .
Vo) = 2o

For individuals that are employed in this period and unemployed or disabled in the
next, a similar result can be derived
1
u/(ce,u) u/(ce,d) :

Plugging these conditions, together with the Envelope condition (1.11), into equa-

cl(ver) = and  C(V*?) =

tions (1.25) and using the strict concavity of the utility function yields

1 1 1 1
— — — PN € _ 66 _ eu _ e,{l.
ul(ce) u/(ce,e) u/(ce,u) u/(ce,d) ¢ ¢ ¢ ¢

As expected in a case without asymmetric information and moral hazard, this implies
full insurance against unemployment and disability and a constant consumption while
remaining employed.

5.1.2. Unemployed Worker. If the Lagrange parameters §%, u* and n* are all equal
to zero, the first-order conditions with respect to the promised utilities and the Enve-
lope condition® can be combined to yield

CL(V") = Co(V™e) = CL(V™") = Cy(v™). (1.26)

The strict convexity of C,(-) implies that the utility level of an unemployed worker
remains constant during unemployment, i.e., V% = V%",

As in the previous section, combining the first-order condition with respect to
consumption and the Envelope condition of an individual who has been unemployed

for two periods yields
1

u/(cu,u) :

Similarly, we have the following conditions for an individual who has been unem-

CL (v =

ployed and then found a job and an individual who has been unemployed and then
became disabled that

cl(vwe) = and  Ch(V*?) =

1
ul(cu,e)

u/(cu,d) :

6 See equations (1.17) — (1.20).
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Substituting theses conditions, together with the Envelope condition (1.20), into
equation (1.26) and applying the strict concavity of the utility function yields

1 — 1 — 1 _ 1 <:> Cu — Cu,e — cu,u —c

u,d
U’(Cu) u/(cu,c) u/(cu,u) u/(cmd) :

In other words, the unemployed worker is fully insured against disability and her con-
sumption remains constant during unemployment.

5.1.3. Disabled Worker. The first-order condition with respect to promised utility
(1.23) and the Envelope condition (1.24) can be combined to yield

C(VYh) = OV, (1.27)

Due to the strict convexity of the cost function, this implies that V¢ = V44 je.,
constant utility during disability.

As before, the first-order condition with respect to consumption and the Envelope
condition of an individual who has been disabled for two periods together imply

1
w(chd)’
This can again be plugged into equation (1.27), together with the Envelope condition
(1.24), to yield

Covi) =

1 1 d d,d
—_—— = & =
W(ch) — w(chd) ¢ ¢

Once a worker becomes disabled his consumption and utility levels remain constant.

5.2. Asymmetric Information. After having derived the optimal insurance against
unemployment and disability in the full information setting, I turn now to the case
of asymmetric information. While it was optimal to have perfect insurance against
unemployment and disability in the full information case, this is no longer incentive
compatible in the asymmetric information setting. Here, the planner is neither able
to observe effort levels nor can he distinguish between an unemployed and a disabled
individual. The planner merely observes whether the individual has income or not.
The individual has to be provided with incentives to prevent disability, search for em-
ployment and truthfully report her state of health. When providing consumption and
continuation values, the planner has, therefore, to consider the prevention-incentive,
the search-incentive and the truth-telling constraint as well as the promise-keeping
constraint.

It is straightforward to show that the promise-keeping constraints are always bind-
ing in equilibrium. Also, because of the continuous effort levels, the prevention-
incentive constraints and the search-incentive constraint are always binding as well.



20 OPTIMAL SOCIAL INSURANCE WITH ENDOGENOUS HEALTH

Whether the truth-telling constraints are binding or slack cannot be determined ana-
lytically. We, therefore, know the following about the Lagrange parameters

78, 0%, 0% u* >0 and n% n" > 0.

5.2.1. Employed Worker. A planner facing an employed individual has the following
first-order conditions with respect to the promised utilities’
(%)
pla)’
P(a%) 1
Cl (Vo) =~° +6° +n° ;
v pa) " a1
p'(a%) e 1
— )
1—p(a) 1 —p(a)
Since v¢, ¢ > 0 and 7° > 0 these conditions, together with the Envelope condition
(1.11), imply that

Cé(v&,e) — ,}/e + (Se

Cé(ve,d) — ,ye — ¢

CL (Vo) > CLV*®) > CL(V) > Cl(Ver). (1.28)

As in the full-information case, these inequalities of marginal costs can be trans-
formed to inequalities in transfers

Ce,u Z Ce,e > Ce > Ce,d.

The consumption of an employed worker increases as long as she remains healthy and
employed. Increasing consumption does not, however, necessarily imply a positive
transfer from the planner. Since the worker earns a positive wage, increasing consump-
tion can also be achieved by a decreasing wage tax, i.e., ¢® —w < ¢®® — w < 0.

Moreover, consumption increases when the individual becomes unemployed and
decreases at the time of disability. It can be seen below that the former does not
necessarily imply a higher utility when becoming unemployed since the individual will
have to exert search effort. In either case, there is no problem of moral hazard because
job loss is exogenous. The drop in consumption upon disability, together with the
increasing consumption while employed, creates an incentive to prevent disability.

In (1.28) it can further be seen that

CUV) > CUVE) & Vo> Ve,

which implies that the continuation value of an employed worker increases with tenure.
The truth-telling constraint further implies that V&% > V&4,

7 See equations (1.8) — (1.10).
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Concerning the relationship between the current level of utility V¢ and the promised
utility in case of disability, the following proposition holds.
Proposition 1: The utility of a worker is decreasing when she be-
comes disabled.

The results can be summarized as follows
Vee > Ve s ved and Ver > ved

Consumption and utility of an employed individual are increasing with tenure. This
stands in contrast to the results of Hopenhayn and Nicolini (1997) where consumption
and utility are constant while working. However, it resembles the conclusions from
models with disutility of work, e.g. Hopenhayn and Nicolini (2009). In that context,
it is necessary to provide incentives to remain employed because work decreases util-
ity, while here it is necessary because keeping up employability requires effort. If the
individual becomes disabled, her consumption and her utility decrease. This decrease
together with the increasing utility while healthy and employed gives her an incen-
tive to prevent disability. In the case of unemployment, the individual’s consumption
increases. This increase compensates for the search effort the individual will have to
exert. Whether the utility level increases when becoming unemployed is unclear. What
is certain, is that the utility when unemployed is (weakly) larger than the utility when
disabled.

5.2.2. Unemployed Worker. The planner’s first-order conditions with respect to
promised utilities in the case of an unemployed individual are given by3®

ey WD) d(e)
Ce(V*) =7"+46 @) T e

p(a") q'(e") 1
C/ (Vu u) _ ’Y + 5u Mu + nu ,
pla*) L—q(e) " pla*)[1 — q(e)]

! u,d u U p( ) u 1
=94 =4 — .
Cd(v ) Y 1— (au) n 1 — p(au)
The Envelope condition (1.20) and the fact that 4%, 6%, u* > 0 and n* > 0 together

imply

CLV™) > CL(V") > Cy(Ve). (1.29)
Applying the same logic as before yields
e >t > vl

An unemployed worker has higher consumption in the next period if she finds employ-
ment and remains healthy, giving her an incentive to both prevent disability and exert

8 See equations (1.17) — (1.19).



22 OPTIMAL SOCIAL INSURANCE WITH ENDOGENOUS HEALTH

search effort. If she becomes disabled, her consumption level will be lower than under
unemployment, which provides an additional incentive to exert prevention effort.

If the individual remains healthy but does not succeed in finding a job, the change
in utility, and hence consumption, is ambiguous. In other words, it is not clear wether
V¥ and ¢* are larger, smaller or equal to V* and c¢*, respectively. The intuition
is that the incentive to search for a job has a negative effect on the promised utility
while the incentive to prevent disability and the truth-telling constraint both have a
positive one. Decreasing benefits and utilities as in Hopenhayn and Nicolini (1997) are
therefore not necessarily optimal in this model.?

While it may seem that this ambiguity can only be resolved numerically, it turns
out that there is a condition under which this trade-off between providing incentives
for search and providing incentives for prevention disappears.

A decrease in the promised utility in case of continued unemployment, V** in-
creases the incentives to search for a job and thereby also search effort, e*. This can be
seen in the search-incentive constraint (1.13). In the prevention-incentive constraint
(1.12), a decrease in V** has a direct and an indirect effect on the value of remaining
employable, which is a weighted average of the value of being employed and the value
of being unemployed

q(e")V™e +[1 — q(e")| V™. (1.30)
The direct effect is that the value of remaining employable decreases because V**
decreases. This reduces the incentives to exert prevention effort. The indirect effect
comes from the fact that a decrease in V** increases search effort, and therefore the
probability of reemployment, ¢(e*). This in turn increases the value of remaining
healthy, because the value of becoming employed is larger than the value of remaining
unemployed. The indirect and the direct effect are therefore of opposing signs. If the
positive indirect effect is as least as large as the negative direct effect, then the value
of remaining employable is not reduced when V** decreases.

In other words, if individuals react sufficiently to changed search incentives, the pos-
itive effect of decreasing utilities during unemployment on prevention effort outweighs
the negative one and there is no trade-off between providing incentives for search and
prevention. How much individuals react to changed search incentives depends on the
concavity of g(e). The less concave the function g(e) is, the more individuals react to
a given change in promised utility during unemployment. In order for individuals to
react sufficiently, ¢(e) can therefore not be too concave. This implies that the convex

9 As an example, consider a case where the probability of finding employment is independent of
search effort, i.e., g(e) = . Then, the negative effect of the search constraint disappears and benefits
as well as utility are increasing during unemployment.
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function 1 — g(e) cannot be too convex, which is the case if 1 — ¢(e) is log-concave, i.e.,
the log of the convex function is concave.l9 This condition is stated in the following

proposition.
Proposition 2: If the search technology satisfies the following con-
1) )

d(e) ~ q'(e)
then decreasing utilities during unemployment lead to constant or in-

dition

> (1.31)

creasing levels of prevention effort.

Examples of functions that satisfy this condition are the the logistical and the
exponential distribution functions. The latter is commonly used in the literature as a
search function.

Proposition 2 establishes that if individuals react sufficiently to search incentives,
prevention effort does not decrease when the promised utility of continued unemploy-
ment decreases. Conversely, one could think that there is a condition for the re-
sponsiveness towards prevention incentives which makes the optimal search effort non-
decreasing when V** increases.!! However, using the same techniques as in the proof
of Proposition 2, it is possible to show that there exists no such condition.

If the search function g(e) fulfills condition (1.31), the positive effect of the prevention-
constraint in the first-order condition with respect to the promised utility in case of
continued unemployment disappears or becomes negative. Since there is also the neg-
ative effect of the search-incentive constraint as well as the (possibly) positive effect
of the truth-telling constraint, it remains unclear how consumption and utility change
during unemployment. To shed further light on the analysis the following lemma can
be established.

Lemma 1: For promised utility and consumption to increase or re-
main constant during unemployment, the truth-telling constraint has
to be binding.

10 A function f(x) is log-concave if f(z)f"(x) < [f'(z)]2. The function 1 — g(e) is therefore
log-concave if
1—qle) _ d'(e)

¢(e) ~ q"(e)

11 The intuition here would be that an increase in V%" increases the incentives to prevent disability,
and hence prevention effort. This can be seen in the prevention-incentive constraint (1.12). In the
search-incentive constraint (1.13) there is then a negative direct effect through the increase in V**
and an indirect positive effect through the increase in prevention effort. Search effort would be non-
decreasing if the indirect positive effect is as least as large as the negative direct effect.

1—qE)-¢"@ <[-d () <«

2
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Increasing or constant utilities when remaining unemployed, together with the bind-
ing truth-telling constraint, imply that

Vu S Vu,u _ Vu,d o Vu S Vu,d.

In other words, in order to have increasing or constant utilities during unemployment,
the utility of an unemployed agent has to increase at the time of disability. However,
the following proposition establishes that increasing utility upon disability cannot be
optimal.

Proposition 3: The utility of an unemployed agent decreases when

she becomes disabled.

Since an increase in utility when going from unemployment into disability is not
optimal, consumption and promised utility can neither increase nor remain constant
during unemployment. Therefore, proposition 3 together with lemma 1 implies that
decreasing utilities and benefits during unemployment, as in Hopenhayn and Nicolini
(1997), are optimal if individuals react sufficiently to changed search incentives.

Finally, the binding search-incentive constraint demands that the promised value of
employment is strictly larger than the corresponding value for unemployment, V*¢ >
V¥ The truth-telling constraint, on the other hand, implies that the promised value
of unemployment has to be weakly larger than the value of disability, V%% > V%,

The results can then be summarized as follows

L e I A

Finding a job guarantees higher utility and higher consumption compared to further
unemployment. This utility promise, together with the decreasing utility and con-
sumption during unemployment, provides an incentive to exert search effort. However,
remaining unemployed yields a weakly higher utility than becoming disabled, which
generates an incentive to be truthful about the health state. This, together with the
higher utility when finding a job, creates an incentive to prevent disability and remain
in the labor force.

5.2.3. Disabled Worker. The first-order condition associated with the continuation
value of a disabled individual together with the corresponding Envelope condition im-
plies!?

cvh=cyvidy o A= and V=V

Since disability is an absorbing state and there are no incentive problems to con-
sider, it is optimal to provide the disabled individual with a constant utility and a
constant stream of consumption.

12 See equations (1.23) and (1.24).
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6. Numerical Simulations

In order to illustrate the results derived in the previous section and to answer the
questions which cannot be solved analytically, I simulate the model numerically. Since
the model is computationally very intensive, I focus my analysis on the problem of the
unemployed individual. I assume that employment is an absorbing state and that the
utility of finding employment is therefore given by V¢ = u(w)/(1 — 3). Hence, the
planner only decides on the utility promises for unemployment and disability.

Regarding functional forms and parameters, most of my assumptions are in accor-
dance with the calibration of Hopenhayn and Nicolini (1997). A model period is one
week. The discount factor 5 is equal to 0.999, which implies a yearly discount rate of
0.95. The utility function has the form

lea

1

where 0 = 0.5. The hazard functions are given by the exponential distribution function.

u(c)

The probability of remaining healthy depends on prevention effort, a, in the following
way

p(a) =1 — exp(—¢a).
The probability of finding employment is

q(e) =1 — exp(—be),

where e is search effort. As mentioned above, this functional form is commonly used
in the literature and fulfills condition (1.31).

The values of the parameters ¢ and 6 are assigned in the following way. In an
autarky setting, without promised utilities and with wage as the only source of income,
the agent’s problem is stationary. The resulting effort levels and probabilities are
constant over time. The values of the parameters ¢ and 6 are then chosen to yield a
probability of 99.99% of remaining healthy from one week to the next and a probability
of 15.12% for an unemployed individual to find new employment in autarky. This is
similar to the numbers in Hopenhayn and Nicolini (1997).

Table 1.1 presents the parameter values used in the simulation. Table 1.2 shows a
simulation of an individual who remains unemployed for one year. All promised utili-
ties as well as consumption are decreasing over time. The replacement ratio decreases
from 100.3% to 30.3% during the first year of unemployment. The promised disability
insurance replacement ratio decreases from 23.9% to 7.5%. Search effort is increasing
during unemployment, yielding an increasing probability of finding employment. Pre-
vention effort also increases, but the probability of remaining healthy increases very
little.
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Parameter Value Description

0.999 Discount factor

1.0  Probability parameter

0.5  Parameter of risk aversion
0.0005 Probability parameter

100  Wage

[SEESSRS IR

TABLE 1.1. Parameter Values

Weeks UI Rep. Ratio (%) DI Rep. Ratio (%) Prob. Healthy Prob. Employment

1 100.2895 23.9287 0.9999 0.0905
10 88.8153 21.3006 0.9999 0.0965
20 74.7624 18.0558 0.9999 0.1034
30 60.0244 14.6150 0.9999 0.1105
40 45.6098 11.2052 0.9999 0.1174
52 30.2666 7.5189 0.9999 0.1252

TABLE 1.2. Simulation of an Unemployed Worker’s Values

In summary, consumption and all promised utilities are decreasing during unem-
ployment in order to create search incentives. The latter means that the disability
benefits are decreasing in the length of the unemployment spell. This resembles the
results of Hopenhayn and Nicolini (1997) who show that it is optimal to reduce all
claims to future consumption in order to create incentives to leave unemployment.

These results can now be compared to a policy in the spirit of Hopenhayn and
Nicolini (1997) where the planner chooses only the utility during unemployment and
the possibility of disability is not taken into account. I assume that individuals who
become disabled in this setting receive the same benefit as unemployed individuals.
Figure 1.1 shows a simulation of the model presented in this paper (continuous line)
and a model where disability is not taken into account (dashed line).

The upper left panel shows the utility of an unemployed individual under the two
policies over 52 weeks. Both policies imply decreasing utility during unemployment.
As expected, the Hopenhayn-Nicolini policy is less generous. Since the planner’s only
problem there is to provide search incentives, the utility can decrease faster than in
the model presented in this paper where the planner provides incentives for search as
well as for remaining in the labor force. In the upper right panel the utility promises
in case of disability are plotted over 52 weeks of unemployment. I assume that under
the Hopenhayn-Nicolini policy individuals who become disabled receive unemployment



7. CONCLUSION 27

Promised Utility (UI) Promised Utility (DI)
17800 BF========= == _
== -
~
17600 N 15000
N
\
17400 \ 12000
\
\
17200 ¥ 2000
1
6000
17000
10 20 30 40 50 10 20 30 40 50
Weeks Weeks
Prob. Remaining Healthy Prob. Finding Employment
1 0.35
2| 1
’ /
0.998 ’ 0.25
’ ’
” g 4
- ’
Phe s
0.996 - - 0.15 .- -
- - =
0.994 0.05
10 20 30 40 50 10 20 30 40 50
Weeks Weeks

FiGUrReE 1.1. Simulation of an Unemployed Worker’s Values. Opti-
mal Insurance against Unemployment and Disability (continuous line),
Hopenhayn-Nicolini Insurance (dashed line).

benefits. This makes the disability insurance more generous compared to the optimal
insurance derived in this paper. This generosity, together with the less generous unem-
ployment insurance, generates weaker incentives to prevent disability. The latter can
be seen in the lower left panel where the probability or remaining healthy for another
period is shown. Finally, in the lower right panel it can be seen that the probability
of finding employment increases during unemployment under both policies, but the
increase is steeper under the Hopenhayn-Nicolini policy.

7. Conclusion

In this paper, I derive the optimal insurance against unemployment and disability in
a private information economy with endogenous health and search effort. Introducing
endogenous health makes the analysis significantly more difficult but it addresses a
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crucial shortcoming in the literature, namely the possibility of individuals to leave
the labor force and go into other insurance systems such as disability insurance. If
individuals only have a choice between being unemployed or working, providing them
with incentives to search for a job is easier than when they also have the option to exit
the labor force.

I demonstrate that the optimal sequence of consumption and promised utilities of
an employed worker is increasing with tenure. This implies among other things that the
promised disability benefits are increasing in the time spent working. Once a worker is
disabled she will receive constant benefits and her utility will remain constant. Both
findings are in line with the results of Diamond and Mirrlees (1978). For an unem-
ployed worker I show that the prevention constraint implies increasing benefits and
utility levels during unemployment while the search constraint has the opposite effect.
Decreasing benefits and utilities as in Hopenhayn and Nicolini (1997) are therefore not
necessarily optimal in this model. I show, however, that the search effect dominates
the prevention effect if individuals respond sufficiently much to a change in search
incentives. The sequence of consumption and utility levels is then decreasing during
unemployment. Moreover, I show numerically that the promised utility of disability
is decreasing as well. This means that disability benefits are no longer monotonically
increasing in the retirement age as in Diamond and Mirrlees (1978), instead they are
lower the longer the individual was previously unemployed.
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Appendix

A1l. Proof of Proposition 1. Since the incentive constraint (1.4) is fulfilled, the
equilibrium effort level will give the individual the highest possible utility. This utility
level is, therefore, weakly larger than the utility implied by zero effort. The promise-
keeping constraint (1.5), which is binding in equilibrium, can then be rearranged to
yield

Ve =u(c®) — a® + Bp(a®) [sV + (1 — s)V"] + B[1 — p(a®)] V-
2 () = 04 Bp(0) [sV + (1= )V] + B [L = p(0)] V'
= u(c®) + Ve, (1.32)
where the last equality comes from the fact that p(0) = 0.
The first-order condition (1.28) implies that

Ce(Ve) > Cy(ve),

which can be transformed to yield

1 1
w(e) () -5 1-8

Since disability is an absorbing state, consumption will be constant at the optimum

u(c®) > u(c*?) <

and the latter inequality can be rewritten as
u(c?) _ u(e)

1-p5" 1-8

(1.32) and (1.33) can then be combined to yield

=Vl o () > (1-p)Vel (1.33)

V> u(c) + BV > (1— BVl 4 Vet = Vel o Vesved O

A2. Proof of Proposition 2. The value of being employable (1.30) is affected
by the promised utility in case of continued unemployment, V** in two ways: directly
through the promised utility and indirectly through search effort, e*, which depends
on V%" The value of being employable can therefore be expressed as a function of
Y uu

(V™) = g (e (V) V5 4 [1— g (6 (V)] V.

If V** decreases, the direct effect reduces the value of being employable while the
indirect effect increases the value. If the positive effect is as least as large as the
negative one, the value of F' does not increase with V%, i.e.,

dF (V) (e (V) e (V)

e Y/uu _ u wuYY
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which implies for the change in effort
acu (Vu,u) < _1 —q (eu (Vu,u)) 1
oV uwu — q/ (eu (Vu,u)) [Vu,e _ Vu,u] !

Equation (1.34) describes how equilibrium effort, e*, should react to a change in the

(1.34)

promised utility in case of continued unemployment, V**, so that the value of being
employable is not reduced when V** is decreasing.
How much equilibrium effort actually changes can be derived from the search-
incentive constraint (1.13)
1
~ Bpla) [V Vo]

Bpla®)q (e) [V = V™" =1 & d(e")

G(V*"). (1.35)
The equilibrium effort is then given by
et (V) = (@) GV,

and the derivative with respect to V*" is

de (V) 0lg)H [GV*) 9G (V™)
oV 9G(Vuwy  gyue

(1.36)

where (¢')™! is the inverse of the first derivative of the search function g(-). The first
part of this derivative can be transformed using the inverse function theorem?!?

Ag) GV _ L - (1.37)

9G(Ve) ¢ (@) GVe]) g (e (Vi)
The second part of the derivative in (1.36) is given by
oG(ver)y 0 1 B 1
v = aves (@ er=ven]) = Bp(a) [V — Veu?
Substituting the second equality in (1.35) gives
POUD g (v et (1:38)

Plugging in the two expressions from (1.37) and (1.38) into equation (1.36) yields
der (V) _ g (v 1
8Vu,u q// (6u(‘/u,u)) [Vu,e _ Vu,u]

(1.39)

13 The theorem states that

where b = f(a).
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The expression in (1.39) shows how much the optimal search effort will react to a
change in the promised utility of continued unemployment. Equation (1.34) demon-
strates how much search effort should change in order for a decrease in promised utility
of unemployment not to reduce the value of remaining employable. Combining equa-
tions (1.34) and (1.39) yields

1= ge”) _ ¢(e)
e T (e

A3. Proof of Lemma 1. If condition (1.31) is satisfied, the first-order condition

with respect to V%" reads

>

R R CON
R Py e ey R A o e

Since the Envelope condition is given by C! (V") = ~%, increasing or constant utilities

Cuvee) =

(and hence consumption) during unemployment are optimal if

v up/(au) B Lu q/(eu) u 1 “
LA Py S ey B A ) ey

or
" Z 6"p'(a")[1 = q(e")] + n"pla”)q' (") > 0,

i.e., the Lagrange parameter associated with the truth-telling constraint has to be

positive, and hence the truth-telling constraint has to be binding.

A4. Proof of Proposition 3. Since the incentive constraints (1.12) and (1.13)
are fulfilled, the equilibrium effort levels will give the individual a weakly higher utility
than zero search and prevention effort. The binding promise-keeping constraint (1.14)
can then be rearranged to yield

V= () = a = e + Bp(a) [gle )V + (1 — gV + 811 - pla”)] V>
> u(e) = 0 — 0+ Bp(0) [gO)V™* + (1 — g(0))V*] + B[1L - p(0)] V2
() + BV, (1.40)

where the last equality comes from the fact that p(0) = ¢(0) = 0.
The first-order condition (1.29) implies that

CL(V*) > Ca(v)

which can be transformed to yield

s ud) >ul) o
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Since consumption is constant once the individual is disabled, this condition can be

rewritten as
u(c") - u(c™?)

1-87 1-8
(1.40) and (1.41) can then be combined to yield

=Vud o () > (1 - BVl (1.41)

Ve u(c) + BVt > 1=Vt gyt = vt o Ve s vt 0
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A Life Cycle Model of Health and Retirement:

The Case of Swedish Pension Reform

Tobias Laun Johanna Wallenius

ABSTRACT In this paper we develop a life cycle model of labor supply and
retirement to study the interactions between health and the labor supply
behavior of older workers, in particular disability insurance and pension
claiming. In our framework, individuals choose when to stop working and,
given eligibility criteria, when/if to apply for disability and pension ben-
efits. Individuals care about their health and can partially insure against
health shocks by investing in health. Sweden is one of the few Western
economies to have undertaken a large pension reform in recent years. We
use our framework to study the labor supply implications of this reform and
find that the new pension system creates big incentives for the continued
employment of older workers.

1. Introduction

Faced with ageing populations and the looming insolvency of social security, govern-
ments the world over are grappling with the question of how to reform retirement
programs. Understanding how changes to retirement programs affect life cycle labor
supply, particularly retirement behavior, is critical for assessing the effects of these
changes on allocations, welfare and government finances. Accurate assessments require
a model of retirement that captures the key forces underlying retirement decisions.
Various institutional features have potentially large implications for the labor sup-
ply behavior of older workers; key among them are the design of pension systems,
disability insurance and healthcare. Disability insurance is particularly relevant, as
in many countries a large fraction of retirement occurs before the normal retirement
age. A discussion of disability insurance programs naturally leads to a discussion of
health, as disability insurance programs without exception have some eligibility criteria

The authors thank Lars Ljungqvist and David Domeij for their valuable suggestions. We also
thank seminar participants at Uppsala University for their comments. Laun gratefully acknowledges
financial support from the Jan Wallander and Tom Hedelius Foundation at Svenska Handelsbanken.
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regarding health. Health, in turn, has potential implications for labor supply outcomes
both directly and through the healthcare system.

In this paper, we construct a life cycle model of labor supply and retirement, which
enables us to study the interactions between health, disability insurance and old-age
retirement benefits. The key features of our framework are that individuals choose
when to stop working and, given eligibility criteria, when/if to apply for disability and
pension benefits. Individuals care about their health and can partially insure against
health shocks by investing in health. The fact that people can impact their own health
and choose whether or not to claim disability benefits, are novel features in relation to
the existing literature.

While many countries have come to understand the need for social security reform,
Sweden is one of the few countries to have actually undertaken a major pension reform
in recent years. While there are big expectations of the reform, to the best of our
knowledge no formal analysis of the expected implications of the changes to the pension
system exists to date. We use our model to study the labor supply implications of
the recent Swedish pension reform and to ask what particular aspects of the reform
are driving the results. Our interest in Sweden is spurred by the unique nature of
the large changes to social security, but also by some of the distinguishing country
characteristics. Much of the existing literature on social security, particularly disability
insurance claiming, has focused on the United States. Many of the institutional features
in much of Europe, including Sweden, differ drastically from those in the United States.
This is of course true of social insurance programs, but also of healthcare. Unlike
the United States where many people receive health insurance through their employer,
Sweden has a public healthcare system. The fact that Medicare eligibility in the United
States starts at age 65 creates a potentially large incentive for people to continue
working until then. This motive is absent in Sweden, and more broadly most of Europe.

Sweden is in the process of switching from a pay-as-you-go (PAYG), defined benefit
program to a notional, pay-as-you-go, defined contribution plan. The first benefits
from the new system were paid out in 2001. But due to the gradual phasing-in of
the reform, not until 2040 will all benefits be paid from the new system. There are
many issues inherent with the old Swedish pension system, key among them the fact
that the pension benefit is based on earnings from only the 15 highest years and only
income up to a relatively low ceiling counts toward the benefit. Not only does this
have the potential to treat workers with equivalent lifetime earnings very unequally,
it does not provide incentives for older individuals to remain employed. In fact, given
that wages tend to level off in the 40s or 50s, there is no expected increase in pension

benefits from continued employment for the majority of older workers. Furthermore,
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the system is sensitive to demographic change. One should also note that under the
old system disability insurance is very generous. The new pension scheme hopes to
address these issues.

We find that the Swedish pension reform creates large incentives for older workers
to continue working longer. Our main findings are threefold: (1) the model predicts an
increase in the average retirement age of 2.3 years from 62.4 to 64.7, and (2) there is an
increasing tendency for workers to continue working while collecting pension benefits,
but (3) the fraction of older workers claiming disability insurance only declines by
roughly one percentage point, from 18.6% to 17.7%. To understand the results, consider
the incentives for continued employment faced by someone of, say, age 65. Under the old
pension system, the net present value of lifetime pension benefits was only marginally
higher for someone who continued working past 65 than for someone who stopped at 65.
Under the new system, the net present value of lifetime pension benefits for someone
that stops working at age 65 is lower than in the old system, but the net present
value of lifetime pension benefits increases rather steeply from continued employment.
An approximate calculation reveals that roughly 40% of the increase in the length of
the average working life is due to the reduction in the generosity of pension benefits,
while the remaining 60% are due to the increase in the present value of benefits from
continued employment. Only a negligible share of the increase in aggregate labor supply
is coming from a decline in disability insurance incidence. While the computation of
the disability insurance benefit changes as part of the reform, we find that the net
present value of lifetime benefits for someone that goes on disability insurance at, for
example, age 50 is only slightly lower following the reform. This explains why the
model does not predict a large change in disability insurance incidence.

While reform is often times a slow and painful process, our results regarding the
Swedish pension reform suggest that with an appropriately designed carrot-and-stick
approach it is indeed possible to reform an ailing pension system. This is good news
for the world community at large and indicates that there are significant lessons to be
learned from the case of Sweden.

While the focus in the quantitative exercise has been on Sweden, our framework
is general in nature and can be used to address a host of policy questions pertaining
to retirement. In fact, the development of a model to study the interactions between
health, disability insurance and old-age pension benefits is an important contribution
of the paper.
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There is a vast literature on retirement, pertaining to both the claiming of old-age
pension benefits and disability insurance. Most of it is centered on the United States.!
Methodologically, the paper most similar to ours is French (2005). There are several
notable differences, however. In our framework individuals can impact the evolution of
their health, whereas in French (2005) they cannot. Furthermore, our five tiers allow
for a finer distinction between health categories than French’s assumption of two health
states, good and bad. Additionally, we allow for the possibility of individuals in poor
health to go on disability insurance.

Our paper also contributes to the literature on the impact of tax and transfer
programs on life cycle labor supply. See, e.g., Rogerson and Wallenius (2009), Wallenius
(2009). The key distinction between our paper and the aforementioned ones is that
we are explicitly interested in disability insurance and as such also include endogenous
health in our framework.

Jonsson, Palme, and Svensson (2012) document the prevalence of disability insur-
ance incidence in Sweden, whereas Sundén (2006) and Palmer (2003) document the
Swedish pension reform and its intended consequences. These papers are, however,
descriptive in nature and do not provide any quantitative analysis of the policy reform.
Sundén (2002) studies the ability of the post-reform Swedish pension system to adjust
to demographic change. His analysis, however, assumes that retirement is exogenous.

An outline of the paper follows. Section 2 presents the model and the solution
method, while Section 3 describes the calibration procedure. Section 4 outlines the
quantitative exercise that is carried out in the paper and Section 5 describes the results
from this exercise. Section 6 discusses the robustness of the results. Section 7 concludes.

2. Model

We consider a discrete time overlapping generations framework, in which a measure
one of identical, finitely lived individuals is born every period. A model period is a
year, and individuals live for 61 periods with certainty. Model age zero corresponds to
age 20 in the data. Furthermore, individuals are endowed with one unit of time each
period.

1 See for example Gustman and Steinmeier (1986), Pozzebon and Mitchell (1989), Stock and
Wise (1990), Berkovec and Stern (1991), Rust and Phelan (1997), French (2005), Gruber and Wise
(2004), Gruber and Wise (2009), Coile and Gruber (2007), Coile and Levine (2007), Low, Meghir,
and Pistaferri (2010), Laun (2012), French and Song (2009).
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Letting a denote model age, individuals have preferences over sequences of con-
sumption (c), labor supply (/) and health (h) given by:

> B [In(cq) = b(ha)la + hal ,

where 3 is the discount factor. Preferences are assumed to be separable and consistent
with balanced growth, thereby dictating the In(c) choice. We assume that the disutility
from working is health dependent.? Specifically, working is more unpleasant the worse
the health of an individual. Additionally, the health of an individual enters directly in
the utility function.

Fach period there are markets for consumption, labor, capital and health invest-
ment. Let w, denote the exogenous age-varying wage profile, r the interest rate and
p(h) the cost of health investment as a function of health. The individual faces a
sequence of budget constraints given by:

Ca+ kar1 — (L+1Vkg + (1 = 8)p(he)i" = (1 — Twaly + IP'DI, + IPPPB, + T.

The agent’s capital stock at age a is denoted by k,. We impose a no-borrowing con-
straint, k, > 0. This is one way of ensuring that people work when young, even at a
low wage.? Furthermore, we assume that individuals must have non-negative assets at
death.

Health investments are denoted by i”

» and take the value of zero or one. Health

investments are subsidized at the rate s. Following the OECD self-assessed health
measure, health is discretized into five states: very good, good, fair, bad and very bad.
All individuals start out in very good health. Health evolves according to the following
law of motion:

Bai1 = hg + THLM 4l

IHI

. is an indicator function, which takes the value one if the health investment is

effective and zero otherwise. The probability that the health investment is effective is
dependent on both the age and the health of the individual. €” is the exogenous health
shock. The probability of the health shock is also age- and health-dependent.

We assume a discrete labor supply choice where the individual either works full-
time or not at all, [, € {0,{}. While for some individuals retirement is a gradual

2 This is an alternative to assuming that productivity, or the wage, is health dependent. Both
result in a distribution of retirement ages. French (2005) finds that there is surprisingly little difference
in the wages of healthy and unhealthy individuals. This observation appears to hold for Sweden as
well.

3 In the absence of a borrowing constraint, and with exogenous wages and individuals choosing
the timing of work, people would choose not to work when young but rather at a higher wage later
on. This is not what we observe in the data.
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transition from full-time work to no work, for most this transition occurs abruptly.*
Assuming the presence of some non-convexity in the individual’s choice problem is
one way of generating movements from full time work to no work. Examples of non-
convexities are fixed costs associated with work and non-linear wage schedules. Instead
of modeling these underlying details, here we simply assume that individuals are faced
with a discrete choice problem of full time work or no work. Labor income is the
product of the exogenous, age-dependent wage and labor supply.’ The government
levies a proportional tax, 7, on labor income.

IPT is an indicator function, which takes the value one if the individual claims
disability benefits and zero otherwise. Similarly, I75 is the indicator function associ-
ated with pension benefits. DI, denotes the disability benefits and PB, the pension
benefits. Both benefits depend on the age and past earnings of the claimant, and in
the case of disability benefits, on health. The benefits will be discussed in more detail
in the calibration section. T denotes a lump-sum transfer, which is the same for all
individuals.

The government uses the proceeds from the proportional tax levied on labor in-
come, T, to finance the subsidy on health investment, pension and disability insurance
benefits, as well as the lump-sum transfer. We assume a balanced budget in equilib-

rium.6

2.1. Solving the Model. Each period an individual must choose: how much to
consume, how much to invest in physical capital, whether or not to invest in health,
whether or not to work, whether or not to apply for disability insurance and whether
or not to apply for pension benefits. The large number of combinations implies a large
state space. This in turn yields a computationally intensive problem.

As labor supply and health investment are discrete choices by construction, we
only need to discretize physical capital. We assume a capital grid with 31 grid points,
ranging from 0 to 1 500 000 SEK (roughly 227 000 USD).

We solve for decision rules via backward induction. Assuming zero utility when
dead, we know the value function at age 81. This allows us to solve the agent’s problem
at age 80 for each possible employment history, consisting of disability, pension and
retirement decisions, and for each state of health and physical capital. We then know
the value function at age 80 and can solve the agent’s problem at age 79 and so on.

Having solved for the decision rules, we simulate the model 61 000 times. For
aggregation purposes we assume that at any given point in time, the economy consists

4 See Rogerson and Wallenius (2011) for a discussion of the United States. The same observation
is true for Sweden. We return to this point in Section 3.

5 We assume that the price per efficiency unit of labor has been normalized to one.
6 We consider alternatives to the lump-sum transfer in Section 6.
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of 10 000 20 year olds, 10 000 21 year olds, 10 000 22 year olds, and so forth. All agents

start out with zero capital and in very good health.

3. Calibration

In this section we discuss the approach for assigning parameter values. Recall that
a model period is a year, and that agents enter the model at age 20. We assume that
the initial capital stock of an individual is zero.

The policy parameters are chosen to match the Swedish pre-reform social security
system. The remaining parameters are chosen to match various moments of the Swedish
data. We now describe this process in greater detail.

The preference parameters needing to be assigned a value are the discount factor,
B, and the disutility from working parameter, b(h). We target an annual interest rate
of 3%, and simply assume that 8 = 1/(1 + r).” The disutility from working is larger,
the worse the health status of an individual. We assume a linear relationship between
the disutility levels associated with the five discrete health states and parameterize it
so as to target the retirement age distribution. See Figure 2.1 for an illustration of the
target distribution.®

The exogenous age-varying wage profile is constructed from Eurostat data for the
year 2009. The data reports average labor income for five-year age bins, 18-24, 25-29,
30-34, 35-39, 40-44, 45-49, 50-54, 55-59, and 60-64. We fit a quadratic function to
the data and use that to interpolate values for individual ages. Figure 2.2 plots this
function. It exhibits the typical hump-shaped profile, with income leveling out in the
40s and 50s and declining slightly in the 60s.°

We assume an indivisible labor supply choice, where people either work a fixed
workweek or not at all. The length of the workweek is set to 1/3 of the time endowment.
Given our emphasis on retirement, the nature of the transition from full-time work to
little or no work is particularly relevant. As depicted in Figure 2.3, at age 55, more than
60% of Swedes are working full-time (35 hours or more per week), whereas 20% are not
working at all. At age 70, virtually no one is working. The SHARE! dataset is not
mg this assumption would introduce life-cycle effects in the consumption profile. While
there is some empirical evidence of this, these effects are not of first-order importance for the questions
addressed here. We have, therefore, chosen to abstract from them.

8 Due to classification issues by the Swedish pension authority based on pension collection these
numbers may exclude some people who are working. Therefore the values constitute a lower bound
of employed people.

9 The results are robust to adjusting the labor earnings profile by average hours for each particular
age group. At older ages, there are issues associated with selection. We return to this point in Section

10 This paper uses data from SHARELIFE release 1, as of November 24th 2010. The SHARE
data collection has been primarily funded by the European Commission through the 5th framework
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FIGURE 2.1. Fraction Employed by Age. Data source: Swedish Pension
Authority, 2009.

a panel, and therefore does not preclude the fact that some people could be transiting
sequentially between hours bins. The fact that the fraction of the age group working
part-time (between 10 and 25 hours per week) stays roughly constant at 10% until
it drops to essentially zero at age 65, however, suggests that that this is very limited
in scope. Moreover, the low incidence of part-time work leads one to conjecture that
part-time work is not very desirable in Sweden, be it due to a limited availability of
part-time jobs or a wage penalty associated with them. We therefore feel that the
inclusion of a part-time work option is not of first-order importance for our analysis.
Pertaining to health, three objects need to be parameterized: the cost function for
health investments, the process governing the effectiveness of health investments and
the process governing shock to health. With the cost function for health investment
we wish to capture both the overall level of health expenditures and the differences in
health expenditure by health status. Our measure for health expenditures is from the

program (project QLK6-CT-2001-00360 in the thematic program Quality of Life), through the 6th
framework program (projects SHARE-13, RII-CT-2006-062193, COMPARE, CIT5-CT-2005-028857,
and SHARELIFE, CIT4-CT-2006-028812) and through the 7th framework program (SHARE-PREP,
211909 and SHARE-LEAP, 227822). Additional funding from the U.S. National Institute on Ag-
ing (U01 AG09740-13S2, P01 AG005842, P01 AG08291, P30 AG12815, Y1-AG-4553-01 and OGHA
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FIGURE 2.2. Average Earnings Profile. Data source: Eurostat, 2009.

Survey on Health, Aging and Retirement in Europe (SHARE) and is the sum of ex-
penditures on inpatient care, outpatient care, prescription drugs and health insurance.
The appealing feature of the SHARE data is that it is possible to tabulate average
health expenditures by health status. The health expenditure measure in this dataset,
however, is an incomplete measure of health expenditures and captures just over 50%
of all health expenditures in Sweden. Our approach, therefore, is to use the SHARE
data to capture the differences in health expenditure by health status and to set the
level of health costs so as to match total health expenditures as a fraction of total
tax revenue. In Sweden, total health expenditures constitute roughly 18% of total tax
revenue.

We assume two possible shocks to health, a small shock and a big shock. The
small shock constitutes a one-unit drop in health, whereas the big shock constitutes a
three-unit drop in health. Given that health investment is at most one, and not always
effective, agents can only partially insure against health shocks. The probability of
health shocks is increasing in age. Furthermore, the probability of being hit by a
shock is bigger, the worse ones health. This feature is included to mimic persistence
in health. The probability that the health investment is effective is decreasing in age.
Also, the probability that the investment is effective is lower, the worse the health of
the individual. The probabilities of the health shocks and the probabilities governing
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FI1GURE 2.3. Incidence of Full-Time vs Part-Time Work by Age. Data
source: SHARE.

the effectiveness of health investments are chosen to target the fraction of people on
disability insurance, the timing of disability incidence and the health distribution at
older ages. Table 2.1 reports the fraction of each age group on disability insurance.
Disability insurance incidence is quite high in Sweden, with 18.6% of the population
going on disability insurance at some point during their life. The majority of disability
insurance incidence occurs after the age of 50.

Age Fraction on DI

20-24 0.02
25-29 0.02
30-34 0.02
35-39 0.03
40-44 0.04
45-49 0.06
50-54 0.09
55-59 0.12
60-64 0.18

TABLE 2.1. Fraction on Disability Insurance by Age. Data source:
Swedish pension authority, 2009.
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Table 2.2 reports self-assessed health states for older individuals. The reported
values are expressed as a fraction of the relevant age group. In the model we assume
that an individual must be in either bad or very bad health to be eligible for disability
insurance.

Age  Very good Good Fair Bad Very bad
55 to 64 29.9 351 245 7.7 2.9
65 to 74 25.0 404 27.0 5.9 1.7
75 to 84 15.7 33.5 354 10.6 4.8

TABLE 2.2. Self-Assessed Health by Age (reported as percentage of age
group). Data source: OECD, 2009.

Sweden has a public healthcare system. We capture this in an extremely stylized
way, by assuming a subsidy on all health investments. The rate of the subsidy is set
to match public spending as a fraction of total spending on healthcare. This share is
81.9% for Sweden.

The tax on labor income is set to equal the average effective labor tax burden
in Sweden in 2009. The tax rate of 0.438 includes income taxes, payroll taxes and
consumption taxes.!' Recall that the labor tax is used to fund the subsidy on health
investment, pensions, disability insurance and the lump-sum transfer. We assume the
government balances its budget in equilibrium; the lump-sum transfer is set so as to
accomplish this.

The model is calibrated to the pre-reform Swedish pension system. It is a PAYG,
defined benefit plan financed through a payroll tax. The pension benefit is comprised
of two parts, a basic allowance and an earnings dependent supplement. Both are tied
to the so-called basic amount (BA), which equaled 43 600 SEK (roughly 6 600 USD) in
2009. The basic allowance is the same for everyone and equal to 0.96BA. The earnings

dependent supplement is given by:
0.6AP, min(a/30,1)BA,

where AP, is average pension points at age a. One accrues pension points from earned
income in the 15 highest years of earnings. They are computed by taking income
in excess of the BA up to 7.5BA and dividing by the BA. Furthermore, there is an
adjustment when there are less than 30 years of work.

11" The method for computing tax rates is outlined in McDaniel (2007). The actual tax series can
be found at http://www.caramcdaniel.com/researchpapers.
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When mapping this to the model, average pension points are a state variable. The

state variable is updated according to the following rule:

1 min{w,/,7.5BA} — BA

AP, :Apa_i_B BA if a <15,
1 in{w,l, 7.5BA} — BA i
AP, 1 =AP, + ' max {O7 min{uw 7B5A } — APa} if a>15.

In other words, if the individual has worked for less than 15 years, an additional year
of work always increases average pension points. If the individual has worked for 15 or
more years, average pension points only increase if earnings exceed average earnings to
date. We make the simplifying assumption that a high income year replaces an average
income year, instead of the lowest income year. This is the same as in French (2005).

The first age at which the pension benefit can be claimed is 61. The full retirement
age is 65. The actuarial adjustment for early claiming is 0.5%-points for every month
up to age 65. The actuarial adjustment for delayed claiming is 0.7% for every month
up to age 70.

The disability insurance benefit is computed in much the same way as the pension
benefit. The notable exceptions are: (1) there is no actuarial reduction for early
claiming, (2) assumed pension points are computed up to age 65 based on average
income from the last three years prior to disability. These features make disability
insurance under the old rules very generous. People are automatically transferred from
disability insurance to regular pension at the age of 65. The benefit stays the same
throughout.

If one experiences only a partial loss in earnings capacity, it is possible to claim par-
tial disability insurance in Sweden. As roughly three-quarters of all disability claimants
are on full-disability insurance, we abstract from partial disability insurance in our
model. It is not possible to continue working while on full-disability insurance. In
the model, we assume that the individual must be in bad or very bad health to qual-
ify for disability insurance. We arrived at this cut-off after examining data on the
self-reported heath status of older workers, as well as the fraction of the age group
on disability insurance. According to the Swedish pension authority (Pensionsmyn-
digheten), the fraction of people aged 55-64 on disability insurance in Sweden in 2009
was roughly 16%. According to the OECD self-assessed health questionnaire, of this
same age group roughly 11% reported being in bad or very bad health. We assume
that if the individual satisfies this health criterion, and applies for disability, he/she
receives it.!2 Furthermore, we assume that disability is an absorbing state.

12 Alternatively we could assume that a person applying for disability insurance receives the benefit
with some positive probability, and that this probability is bigger, the worse the health of the applicant.
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Table 2.3 summarizes the benchmark calibrated parameter values for the model.

Parameter ~ Value  Explanation

Policy Parameters
T 0.438  Tax on labor income
s 0.82 Subsidy on health expenditure

Utility Parameters

I} 0.97 Discount factor
bs 2.5 Disutility from work when health very good
by 3.0 Disutility from work when health good
bs 3.5 Disutility from work when health fair
by 4.0 Disutility from work when health bad
b 4.5 Disutility from work when health very bad
] % Labor supply
Health Parameters
el 1 Decrease in health from low shock
el 3 Decrease in health from high shock
P 0.1 — 0.5 Probability of low shock
P 0.5 Probability of low shock when health very bad
ph 0.01 Probability of high shock
ph 0.1 Probability of high shock when health very bad
qs 1 — 0.5 Probability health investment effective when health very good
qa 0.9 — 0.5 Probability health investment effective when health good
qs 0.8 — 0.5 Probability health investment effective when health fair
G2 0.4 — 0.1 Probability health investment effective when health bad
¢ 0.2 — 0.1 Probability health investment effective when health very bad

TABLE 2.3. Calibrated Parameter Values

A brief explanation of a few of the listed parameters is in order. As previously
noted, the disutility from working is greater the worse the health of the individual. We
assume a linear relationship. The table reports the two boundary points.

The probability of being hit by the small health shock increases linearly with age
from 0.1 to 0.5. However, if the individual is in the worst health state, the probability
of being hit by the small shock is 0.5, regardless of age. The probability of the big
health shock is constant over age at 0.01, unless the individual is in the worst health
state, in which case the probability is 0.1. As noted previously, the dependency of the
shock probability on health status mimics persistence.

The reason we decided not to pursue this option is that it would require the determination of several
parameter values, of which we have little way of knowing how to discipline.
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Recall that the probability that the health investment is effective is dependent on
both age and health. Given a particular level of health, the probability that health
investment is effective decreases linearly with age. A decline in health, however, shifts
the probabilities to a lower trajectory. The table reports the boundary values for each
health state.

3.1. Calibrated Economy. We now outline the calibrated economy and discuss
how well we are able to match the data on Sweden prior to the pension reform.
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FIGURE 2.4. Fraction Employed by Age

Figure 2.4 plots the distribution of retirement ages for the benchmark economy
relative to the data. From the figure one notes that the timing of retirement predicted
by the model mimics that in the data quite closely. In particular, the model predicts
first a gradual decline in employment rates in the early 60s followed by a sharper
decline in the mid 60s. The average age at which people stop working in the benchmark
economy is 62.4. Given that pension claiming does not require that one stop working,
there is no reason to expect that the age at which people stop working would coincide
with the age at which they start collecting pension benefits. Moreover, the adjustments
for early and delayed claiming are roughly actuarially fair. With certain lifetimes, the
agents are then rather indifferent about when to start taking out benefits. In the model,
everyone (who does not go on disability insurance) starts collecting pension benefits at
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age 63. For the purposes of any policy analysis, the age at which people stop working
is of more interest than the age at which they start collecting pension benefits. In
contrast to pension benefits, to claim disability benefits one must stop working.

Figure 2.5 plots the fraction of a particular age group that is on disability insurance.
The solid line denotes the model predicted values, while the dashed line sketches the
data. The model does a relatively good job of matching both the incidence and timing of
disability insurance. The model predicts that 18.6% of people go on disability insurance
during their lifetime. The average age at which people claim disability benefits in the
model is 51.3. Note that the last age at which people are eligible for disability is 64;
at age 65 disabled individuals are automatically transferred to pension.

18

12

Fraction on DI (%)

FIGURE 2.5. Fraction on Disability Insurance by Age.

One aspect of the data that the model struggles to match is the health distribution
at older ages. To illustrate, the model predicts that at age 70: 47% of people are in very
good health, 21% in good health, 8% in fair health, 5% in bad health and 19% in very
bad health. In contrast, according to the data on people aged 65-74, 25% are in very
good health, 40.4% in good health, 27% in fair health, 5.9% in bad health and 1.7%
in very bad health.!3 The health distribution predicted by the model places too little
mass at intermediate health states. There is tension in the model between matching

the fraction of people on disability insurance and matching the health distribution at

13 The OECD self-assessed health data is only available for 10-year age bins.
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older ages. We feel that matching the fraction of people on disability insurance is more
important for the policy analysis to follow.

Note also that in our model the majority of people who go on disability insur-
ance, and thereby satisfy the poor health criterion, stay in poor health throughout the
remainder of their life.

The tax rate on labor income is 43.8% and the budget balancing lump-sum transfer
is 28 000 SEK (roughly 4 200 USD) per person annually. The ratio of total health
expenditures to total tax revenue in the calibrated economy is 18.6%. This is very
close to the 18% reported in the data.

To summarize, the model does a good job of replicating the salient features of the
pre-pension reform Swedish economy, particularly as it pertains to the labor supply
behavior of older workers.

4. Quantitative Exercise: Pension Reform

We now analyze the implications of the recent Swedish pension reform. This entails
modifying the pension and disability insurance schemes to reflect the new policies. All
other parameters are as in the benchmark calibration. Specifically, we assume a small
open economy with a fixed interest rate and price per efficiency unit of labor. The
effective labor tax burden has stayed roughly constant in recent years. We therefore
keep 7 fixed at 0.438, but compute a new budget balancing lump-sum transfer.

The new pension scheme is comprised of two parts, a notional defined contribution
component and a funded individual account. The contribution rate is 18.5% on all
earnings, of which 16% are credited to the defined contribution part and 2.5% to the
individual accounts. Pension rights are accrued on earnings up to a ceiling, which
equaled 50 900 SEK in 2009 (roughly 7 700 USD). The annuity is then computed by
taking total pension capital and dividing by life expectancy.

The system is still a PAYG system, with current contributions used to fund the
benefits of the current old. The size of the benefit is dependent on current economic
conditions. This is why the benefit scheme is classified as a notional defined contribu-
tion plan.

The first age at which one can collect pension benefits is unchanged at 61. If one
continues to work while collecting pension benefits, one continues to accrue pension
capital. The benefit is then recalculated when the individual stops working.

The computation of the disability insurance benefit has also changed as part of the
reform. Under the new system, the disability benefit is equal to 64% of the average
income from the three years prior to disability. One accrues pension benefits while

14 We discuss the implications of keeping the transfer fixed at the pre-reform level in Section 6.
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on disability. Also, as was the case prior to the reform, people are automatically
transferred from disability insurance to pension at age 65.

When modeling the pension reform, we don’t explicitly model the funded accounts
component and instead treat all contributions as if they were part of the defined con-
tribution part. In Section 6 we consider an alternative to this, namely treating the
funded accounts component as purely forced savings. This entails lowering the labor

tax rate by 2.5 percentage points.

5. Results

There are several issues inherent with the old Swedish pension system, in particular
the fact that the pension benefit is based on earnings from only the 15 highest years
and only income up to a relatively low ceiling counts toward the benefit. This has the
potential to treat workers with equivalent lifetime earnings very unequally, as someone
with low income in many years would earn significantly less than someone with the same
lifetime income concentrated in 15 years. Furthermore, it does not provide incentives
for older individuals to remain employed. In fact, given that wages tend to level off
in the 40s or 50s, there is no expected increase in pension benefits from continued
employment for most older workers. The new pension scheme hopes to address this
issue.

In this section we discuss the implications of the pension reform as predicted by
the model. We are particularly interested in whether the reform creates incentives for
people to continue working longer.

5.1. Timing of Retirement. We find that the Swedish pension reform does in-
deed create large incentives for workers to remain employed longer. In fact, the model
predicts an increase in the average retirement age of 2.3 years from 62.4 to 64.7. Figure
2.6 illustrates the shift in the overall retirement age distribution. Following the reform,
a notable number of people are predicted to still be working at ages 66-68.

Following the changes to the Swedish pension system, there is an increasing ten-
dency for workers to continue working while collecting pension benefits. According to
the model people take out pension benefits earlier than before, with the majority of
people now taking out pension benefits starting at age 61, compared with age 63 in
the old system.

The Swedish pension reform changes the computation of pension benefits along
several dimensions. In terms of understanding the results, two features are of para-
mount importance. They are the reduction in the generosity of benefits (holding the
stop working age constant) and the increase in benefits from deferred retirement. In
the old system the net present value of lifetime pension benefits as a function of the
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FIGURE 2.6. Fraction Employed by Age

age at which one stops working is very flat. In the new system this schedule rises much
more steeply as a function of the age at which one stops working. However, were one to
stop working at the same age in the new system as in old system, the present value of
lifetime benefits would be lower. To disentangle these two effects, consider the follow-
ing simple exercise. Compute the sum of the present value of lifetime pension benefits
for everyone in the old system, given their optimal retirement choices. Then compute
the hypothetical benefits from the new system if people were to stop working at the
same age as in the old system. This calculation indicates that total lifetime benefits
in net present value terms are about 90% of their previous level in the new system.
We then uniformly scale down the pre-reform pension scheme by a factor of 0.903.1%
Following this reduction in the scale of pension benefits, the average retirement age
rises by roughly one year. This approximate exercise indicates that roughly 40% of the
predicted increase of 2.3 years in the average retirement age resulting from the pension
reform is due to the reduction in the generosity of benefits, whereas the remaining 60%
is due to the fact the the present value of lifetime pension benefits increases when one

defers retirement.

15 The calculation of the scale factor assumes that the collection of pension benefits in each system
starts when it is optimal. This is independent of the age at which one stops working.



5. RESULTS 53

5.2. Disability Insurance Incidence. In response to the changes to social secu-
rity, the model predicts that the fraction of older workers claiming disability insurance
falls by roughly 1 percentage point, from 18.6% to 17.7%. This implies that only a
small fraction of the increase in employment is coming from a decline in the incidence
of disability insurance.

All disability claimants are automatically transferred into pension at age 65. This
is true of both the old and the new system. In the old system, however, this distinction
was irrelevant from the individual’s perspective, as the benefit was constant. This is no
longer the case in the new system. The disability insurance benefit is actually somewhat
higher in the new system, but the expected pension benefit is lower for someone who
has been on disability for an extended amount of time, compared with that in the old
system. The reason for this is that one continues to contribute to pension capital when
on disability insurance, but at a significantly lower rate than when working. These
two opposing effects roughly offset for someone who claims disability insurance at the
average age for disability incidence. In other words, the net present value of lifetime
benefits for someone that goes on disability insurance under the new system at, say
age 50, is only slightly lower than for someone who did the same under the old system.
Given that the economic incentives for disability insurance claiming change very little
as a result of the pension reform, it is not surprising that the model does not predict
a more significant decline in disability insurance incidence following the reform.

The average age for going on disability insurance declines by roughly one year
following the reform, from 51.30 to 49.98. This is explained by the fact that the present
value of lifetime disability and pension benefits (for someone who goes on disability
insurance) is higher in the new system than in the old system when one claims benefits
before age 50, but lower when one claims later.

5.3. Other Implications. One of the additional concerns with the old Swedish
social security system was the heavy financial burden the funding of the system placed
on taxpayers. In our model, the decline in the share of tax revenue going to fund
pensions following the reform is exemplified by the increase in the lump-sum transfer.
All else equal, our model predicts an increase in the lump-sum transfer from 28 000
SEK to 36 000 SEK (from 4 200 USD to 5 400 USD) needed to balance the budget
subsequent to the changes in social security programs. As previously mentioned, we
explore alternatives to this model assumption in the following section.

Health expenditures as a fraction of tax revenue are virtually unchanged at 17.6%,
previously 18.6%. Similarly, the health distribution is also unchanged by the reform.



54 A LIFE CYCLE MODEL OF HEALTH AND RETIREMENT

6. Sensitivity Analysis

In this section we discuss the robustness of the results to various features of the
model and the data.

One key issue in matching a wage or labor income profile is that we only observe
wages for those who work. The problem of selection is particularly relevant at older
ages. As a robustness check we re-calibrate the model to a wage profile where wages
after age 62 are kept constant at the age 62 level. Comparing the model predicted
post-pension reform retirement age distributions for the two specifications, one notes
that there is slightly more mass retiring at ages 68 and 69 when wages are assumed
constant after age 62 than when they were allowed to decline. Overall, however, the
effect is negligible, with the model now predicting an average retirement age of 64.8
for the post-reform pension system, compared with 64.7 in the baseline calibration.

As previously noted, the Swedish pension reform implies a decline in the tax revenue
needed to fund social security. Given that the labor tax rate has not declined following
the reform, the assumption of budget balancedness in the model implies an increase in
the lump-sum transfer. Alternatively, one could ignore this general equilibrium aspect
and only consider the partial equilibrium decision problem of agents. This would entail
keeping the lump-sum transfer fixed at the pre-reform level. This results in a small
shift in the post-reform retirement age distribution, with some of the people previously
retiring at age 67 choosing to defer retirement until age 68 or 69. The aggregate effect
is to raise the average retirement age in the post-reform economy from 64.7 to 65. This
in turn implies that the partial equilibrium version of the model implies an increase in
the average retirement age of 2.6 years following the Swedish pension reform, compared
with the 2.3 years predicted by the general equilibrium version.

Recall that when modeling the Swedish pension reform we abstract from the fully
funded component and treat all contributions as part of the defined benefit component.
The funded component is a form of forced savings. Given that one could reduce other
savings by a corresponding amount, one could in fact argue that it isn’t really different
from regular savings. Assuming agents are cognizant of this, this suggests lowering the
labor tax rate by the size of the funded component, i.e., 2.5 percentage points, when
going from the old pension scheme to the new one. When modeled this way, the labor
supply implications of the Swedish pension reform are even larger than when treating all
contributions as part of the defined benefit portion. Figure 2.7 depicts the retirement
age distribution for this case, and contrasts it with the retirement age distributions
for the old pension system and the new system when treating all contributions as part
of the defined benefit component. The average retirement age rises to 65.5. This
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corresponds to an increase in the average retirement age of 3.1 years relative to the old

pension system, compared with our baseline prediction of an increase of 2.3 years.
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In our analysis we set the labor tax rate to match the average effective labor tax
burden in Sweden. Although pension and disability insurance benefits and healthcare
expenditures constitute a large share of government expenditures, we are required to
take a stand on what to do with the additional tax revenue in the model. The results
presented in this section and the previous one have assumed a lump-sum transfer of
equal size to all individuals. There are many alternatives to the assumption of a
lump-sum transfer, and following Rogerson (2007) and Ragan (2005) we know that the
labor supply implications of labor taxes can be quite different depending on what the
government does with the tax revenue. As a robustness check, we set the lump-sum
transfer to zero and instead assume that the tax revenue that is left over after pension
and disability insurance payments and healthcare subsidies is spent on government
consumption. We assume that the individual values government consumption but that
it enters separately in the utility function. In other words, the marginal utility of
private consumption is unaffected by government consumption. We recalibrate the
model to the old Swedish pension system with this assumption and study the labor
supply implications of the pension reform. The setting with government consumption
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implies a slightly larger increase in the average retirement age following the pension
reform than the setting with the lump-sum transfer, 2.6 years compared with 2.3 years.
To summarize, our results are robust to various model features. In fact, the sen-
sitivity analysis presented in this section indicates that our baseline results are a con-
servative estimate of the labor supply effects of the recent Swedish pension reform.

7. Conclusions

Governments around the world are grappling with the question of how to reform
ailing pension systems. Sweden is one of the few countries to have recently undertaken
a large-scale reform. In this paper we study what potential lessons there are to be
learned from this reform for the international community. This objective requires
the development of a model capturing the key driving forces underlying retirement
behavior, particularly the interactions between health, disability insurance and old-age
pension benefits. To this end, we develop an overlapping generations model of life cycle
labor supply and retirement. In our framework, individuals care about their health,
and can partially insure against negative health shocks. Agents choose when to stop
working and, given eligibility criteria, if/when to claim disability insurance and pension
benefits. The endogeneity of health and disability incidence are novel features of the
framework in relation to the previous literature.

We use the model to study the labor supply implications of the recent Swedish
pension reform. Our interest in Sweden naturally stems from the unique nature of
the recent large reform, but also from some of the inherent country characteristics.
Much of the literature on disability insurance and pension claiming has centered on
the United States. Many institutional features, such as healthcare, have potentially
large implications for the labor supply outcomes of older workers. These institutions
differ markedly between the United States and Sweden, or more generally most of
Western Europe.

The Swedish reform entails a switch from a defined benefit to a defined contribution
scheme. Under the old system, pension benefits were based only on income from the
15 highest years and only income up to a relatively low ceiling contributed to benefits.
This had the potential of treating individuals with equivalent lifetime earnings very
unequally. Moreover, under the old system disability insurance was extremely generous,
treating the disabled individual as if he/she had earned the pre-disability income until
age 65. The pension reform seeks to address these issues.

We find that the new Swedish pension system creates large incentives for the con-
tinued employment of older individuals. In fact, the model predicts an increase in the
average retirement age of 2.3 years, from 62.4 to 64.7. We find that the incentives for
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working longer following the reform are two-fold. First, were one to retire at the same
age in the new system as in the old system, the implied pension benefit would be lower.
Second, unlike in the old system, in the new system the present value of lifetime pen-
sion benefits increases if one continues to work longer. Both effects are quantitatively
important in accounting for the increase in the employment rates of older workers.
Only a small share of the increase in aggregate labor supply comes from a decline in
the fraction of people on disability insurance. In fact, the fraction of people to go
on disability insurance during their lifetime only drops by roughly 1 percentage point,
from 18.6% to 17.7%. This is unsurprising, as it turns out that the present value of
lifetime disability insurance and pension benefits for someone that went on disability
insurance at, for example, age 50 declines only marginally following the reform.

Our focus in this paper has been on the recent pension reform in Sweden. However,
a key virtue of the framework developed in this paper is that it is quite general in
nature and can therefore be used to study a host of interesting policy questions related
to the labor supply behavior of older individuals.
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PAPER 3

Health and Business Cycles

Tobias Laun

ABSTRACT This paper develops a framework to analyze the interactions
between health and business cycles. The individual’s health is determined
by his stock of health capital and a stochastic component. Health in-
creases the individual’s utility as well as the total time the individual can
spend on either work or leisure. The individual invests in health capital
as well as in physical capital. He further decides how much of his avail-
able time to allocate to labor supply and how much to leisure. In this
setting, I show that an unexpected decline in health causes a reduction in
output, consumption and labor supply. In response to a decline in health,
the individual increases investment in health capital and reduces savings
accordingly. I also show that a positive shock to productivity increases
both health and physical capital investment. Better health therefore leads
to increased savings. Higher productivity, in turn, increases savings and
improves health.

1. Introduction

The importance of health for growth and economic development has been greatly ac-
knowledged. Most studies, however, consider health an exogenous variable rather than
something the individual can influence himself. A justification for not modeling health
explicitly is that, if health is endogenous, it can be assumed to be a part of human
capital. However, health is more than just a part of human capital. Besides affecting
labor supply and productivity, health affects survival probabilities and also has direct
utility effects. The former operates through the effective discount factor which impacts
the attractiveness of saving.

In this paper, I incorporate endogenous health into a business cycle model. The
individual’s health is determined by his stock of health capital and a stochastic com-
ponent. Health increases the individual’s utility as well as the total time the individual

The author thanks Lars Ljungqvist, Johanna Wallenius, David Domeij, Henrik Lundvall and
seminar participants at Sveriges Riksbank and the Stockholm School of Economics for helpful com-

ments and suggestions. Financial support from the Jan Wallander and Tom Hedelius Foundation at
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can spend on either work or leisure. The individual invests in health capital as well as
in physical capital. He further decides how much of his available time to allocate to la-
bor supply and how much to leisure. In this setting, I analyze the effects of health and
productivity shocks on the variables in the model and derive the optimal investment
in health capital.

Mushkin (1962) was the first to discuss the role of health as an investment good by
highlighting the similarities and differences between health and other forms of human
capital, such as education. Grossman (1972) argued that health is not just a form
of human capital, since it not only affects productivity but also determines the time
an individual can allocate to earning income and producing goods. The author then
develops a formal model in which he derives the optimal demand for the commodity
“good health”. The Grossman model with the notion of health being both an invest-
ment good and a consumption good, inspired an extensive literature; some examples
are Ehrlich and Chuma (1990) and Ried (1998).1

In the macroeconomic literature, the first to recognize the importance of considering
health in the analysis of human capital was Mankiw, Romer, and Weil (1992). Sub-
sequently, Fogel (1994) and Barro (1996) investigated the relationship between health
and economic growth. This development gave rise to a extensive empirical literature
in which different health measures were used to evaluate the effect of health on growth
and economic development.? Those papers find that health generally has a positive
effect on growth.

There are only a few papers which consider health an endogenous factor. Chakraborty
(2004) assumes that the probability of individuals surviving from the first to the second
period in a two period OLG model increases in public health expenditures. Here, a
poverty trap can arise in which low health expenditures, i.e. high mortality, lead to
a low rate of saving, which in turn implies low tax revenues and hence low health ex-
penditures. In the model of Johansson and Léfgren (1995) individuals invest in health
capital which generates utility and determines the individuals’ expected length of life.
Furthermore, the overall health of the labor force is an argument in the production
function. Because of this positive externality, individuals invest less in health than
is socially optimal. In the setting of van Zon and Muysken (2001) health generates
utility and, together with human capital, determines labor supply. Here, health and
growth are both compliments (through labor supply) and substitutes (through utility).

1 For a deeper discussion of the Grossman model and the literature that followed see Grossman
(2000).

2 Examples are Knowles and Owen (1995), Arora (2001), Bhargava, Jamison, Lau, and Murray
(2001), Acemoglu and Johnson (2007), Lorentzen, McMillan, and Wacziarg (2008), Aghion, Howitt,
and Murtin (2010).
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The growth maximizing and welfare maximizing solutions are therefore not necessarily
identical.

The paper is organized as follows. Section 2 describes the model environment. In
section 3 I derive the equilibrium conditions. In section 4 the model is solved and in
section 5 I discuss the results.

2. The Environment

I consider a standard business cycles model with an infinitely lived representative
household and a continuum of identical firms. The key distinction to the standard
literature is the introduction of health as an endogenous variable. Health is produced
with the help of health capital and a stochastic component. Households have then two
investment options: health capital and physical capital. Health increases utility as well
as the time endowment which can be spent on either work or leisure.

Each firm has access to a Cobb-Douglas production technology. Output in period
t is therefore given by

Y, = F(K;, Ny) = A KON}, (3.1)
where K, is physical capital, N; is labor input and A; is production technology. The
latter is an exogenous stochastic process with the following properties

InAir = pln A + 441, (3.2)

where the productivity shock {&;;;} is i.i.d. with mean zero and a finite variance o2.

The period ¢ net investment in physical capital equals gross investment IX minus
depreciation

K — Ky = IS — 0k Ky, (3.3)
where dx € (0, 1) is the exogenous depreciation rate.

Following Grossman (1972) health enters the model in the form of a stock of so-
called health capital. This stock depreciates at rate dy € (0,1) and increases with
gross investment IH

Hyy — H, =11 — 65 H,. (3.4)
In this setting, investment in health capital can be thought of as the costs of preventive
measures like exercise or a healthy diet but also medical expenses which are necessary
once health deteriorates.

To capture the fact that an individual’s health is not a purely deterministic variable,
I assume that there is an exogenous stochastic health component Z;, which has the
following properties

InZy1 =vInZ + v, (3.5)
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where {1441} is an i.i.d. health shock with mean zero and finite variance 0.
Similarly to output, which is produced using endogenous physical capital as well
as exogenous and stochastic production technology, the individual’s effective health
is determined by the endogenous stock of health capital and by the exogenous and
stochastic health component. Health affects the individual in the model in two ways.
First, health increases the individual’s utility. The utility generated by consumption
and leisure at time ¢ is multiplied by a function P(-) which is twice continuously
differentiable, strictly concave and increasing in its arguments: health capital and the
stochastic health technology. The individual’s utility at time t is hence given by

U = P(Hy, Z)[u(Cy) + v(Le)], (3.6)

where both v and v are twice continuously differentiable, strictly concave and increasing
in their respective arguments. C; denotes consumption and L, leisure at time t.

The second channel through which health affects the individual is a constraint on
the individual’s time endowment. The gross time endowment is given by 1. The
individual, however, can only use a share 0 < T; < 1 of this endowment for leisure and
labor supply. The individual’s time constraint then reads

T, =T(Hy, Z) = L + Ny, (3.7)

where T'(+) is twice continuously differentiable, strictly concave and increasing in its
arguments. The share 1 — T} can be interpreted as the time spent being sick.

The individual receives income from renting out physical capital and from working.
He spends this income on consumption and investment in physical and health capital.
Furthermore, there is a convex cost of investing in physical and health capital intended
to capture the diminishing returns inherent in such investments. The budget constraint
then reads

Wiy + Rk, = Co+ 1 + 1]+ B (1F) + BL (1]7)’, (3.8)

where W; is the wage and R; is the rental rate of physical capital.

3. The Decentralized Problem

3.1. The Household’s Problem. In every period i = 0,...,00 the individual
maximizes utility (3.6) such that the budget constraint (3.8) is fulfilled. After substi-
tuting in the law of motion of physical and health capital, (3.3) and (3.4), as well as
the time constraint (3.7), the first order conditions are given by

oL
OC4i

= Et{ﬁiPtJriu/(CtJri) - )\t+z’} = 07 (3~9)
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a]a\fifﬂ- :Et{*ﬁiptﬂvl (Tiri — Niwi) + )\t+th+i} =0, (3.10)

%ﬁm :Et{xm {4 — i (Kopyipn — (1= 6K)Kt+,;)]

FAttit1 {Rz+i+1 1= 0+ prc (1 = 0xc) (Kigiy — (1 = 5K)Kt+i+1):| }

0, (3.11)
aHatiH :Et{5i+lRf+i+lv/ (Torisr — Newis) Ty

+B4 Py, [U(Ct+i+1) + 0(Tyipr — Nt+i+1)}

A [—1 — i (Hiigs — (1 — 5H)Ht+i)}

FAttit1 [1 — 0+ (1 = 0) (Hipio — (1 = 5H)Ht+1:+1)} }

0, (3.12)

for alli =0,...,00.

(3.9) and (3.10) evaluated at i = 0 yield together the intratemporal first order
condition representing the tradeoff between consumption and leisure

V' (T, — Ny) = W (Cy). (3.13)

The left hand side of this equation shows the benefit of having an additional marginal
unit of leisure while the right hand side stands for the opportunity cost of enjoying
leisure, i.e. the wage rate times the marginal utility of consumption.

Substituting (3.9) into (3.11) gives the intertemporal first order condition with
respect to physical capital®

P/ (Cy) (1 + pxI[) = EBPt (Cryn) [Rm +(1—6x) (1 + HK]tIil)] (3.14)

The left hand side of equation (3.14) represents the utility cost of investing a marginal
unit in physical capital while the right hand side stands for the benefit following this
investment.

3 For simplicity, I reintroduce the expression for gross investment in physical and health capital
ItK and [th.
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The intertemporal health condition comes from combining (3.9) and (3.12)
P (Cy) (1 + lffHItH) :Et{ﬁPtHU/(Ttﬂ - Nt+1)THg+1
+/8PH1+1 |:U(Ct+1) + 1)(E+1 — Nt+1):|

PPl (Co) =) (1 ulf) | (35)

This equation can be interpreted in a similar way as the intertemporal first order
condition for physical capital. The left hand side equals the cost of investing in health
capital. The right hand side of the equation gives the benefit from investing in health
arising from (1) an increase in next period’s net time endowment, evaluated at the
marginal utility of leisure, (2) an increase in next period’s utility and (3) the benefit
of having a larger stock of health capital in the next period.

3.2. The Firm’s Problem. In each period ¢ the firm maximizes profits

max I = A KPN} ™ — W,N; — R/ K;.
N, Kt

The standard result holds that firms pay the marginal product to the input factors

and have zero profits in equilibrium

and v
aé =R, (3.17)

3.3. Equilibrium. Combining equations (3.13) and (3.16) to eliminate wages
gives the intratemporal equilibrium condition
V'(Ty — Ny) Y,
w(Cy) N,
Substituting (3.17) into (3.14) yields the intertemporal equilibrium condition for phys-

=(1-a) (3.18)

ical capital

Y,
Ptu/(ct) (1 + ,UJKItI() = Et6Pt+1u/(Ct+1) a[(t+1

t+1

+(1=0x) (1+pxlfy) | (3.19)

Plugging (3.16) and (3.17) into the household’s budget constraint (3.8) gives the
market clearing constraint

Vit (L= 6i0) Ko+ (1= u)Hy = o+ Ko + Hoa + 55 (15) + 5L (1) (320)
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4. Solution

Equations (3.18) - (3.20) together with equations (3.1) — (3.5) and (3.15) constitute
a system of nine non-linear difference equations. In order to solve this system, I log-
linearize the nine equations around the non-stochastic steady state.

Approximating?* the production function (3.1) around its steady state Y = AK*N'=@
yields®

Yy = ap + aky + (1 — a)ny. (3.21)

The steady state levels of production and health technology are given by A = Z = 1.

Log-linearizing around these steady states gives

A1 = Pat + Ep41 (322)

and
241 = Yz + Vi (3.23)

The log-linear version of the intratemporal equilibrium condition (3.18) is given by

O1¢, 4 Oxhy + 032, + O4my =y, — ny, (3.24)
where
u’'(C)C V"(T'— N)TygH V(T — N)TzZ V"(T'— N)N
h=———+F—, hE— o hE— o, W= —— ———.
uw'(C) v'(T — N) o'(T — N) (T — N)

The intertemporal equilibrium condition for physical capital can be expressed as
Oshy + 02, + O7c, + Ogil
=0shi1 + 06 Erzepr + 07 B + 09 Byt — Ogkpsr + 010 B4 .
Substituting E;z;, 1 = 1z yields
Oshy + 06(1 — )z + Orc; + Ogil
=0shi1 + 07 Eyco1 + O Eyye1 — Ookyr + 010y 1, (3.25)
where

05 = Py (C) (1 + pxI™) H, 05 =Py (C) (1 + pxI®) Z, 0; = Pu"(C) (1 + pxI™)C,

Y
05 = Pu'(C)uKIK, Oy = ﬁPu’(C)a?, 010 = 8P (C)(1 — S )i I,

4 Details can be found in section A2 in the appendix.
5 Let the variable z; be defined as the log-deviation of X; from its steady state X
Xy

zy=InX; —InX =1In <?> .
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Log-linearizing the intertemporal equilibrium condition for health and substituting
Eizi0 = 9z yields

Or1he + (612 — O160) 2 + Orscy + O’
:915}Lt+1 + 917Etnt+1 + 918Etct+1 + 919Etiﬁ1, (326)
where
911 EPHUI(C) (1 + /LHIH) H
012 =Pz (C) (1 + puI™) Z
013 =Pu"(C) (1 + ,uHIH) C
014 =P/ (C g I
015 Eﬁ{QPHv’(T — N)Ty + P"(T — N)T% + Pv'(T — N)Tyn
+ Pyp [u(C) +o(T - N)} + Py (C)(1 = 63) (14 u I¥) }H
016 EB{PZU’(T — N)Ty + Pv'(T — N)T4Ty + PV'(T — N)Tuz + Puz [u(C) +o(T - N)]
+ Pt/ (T = N)Ty + Pz (C)(1 — 631) (1 + pgr ™) }ZEtzt+1
b7 = — B{Pq/’(T — N)Ty + Pyv/ (T = N) }N,
b1 Eﬂ{PHu’(C) + Pu"(C)(1 = 5g) (1 + p ™) }a
4919 Eﬁpu/(C)(l — (SH),U,HIH
The log-linearized versions of the laws of motion of physical and health capital are
given by
kpor = 0xif + (1 — 6 )k (3.27)
and
hiy1 = Opil' + (1 — 6 )hy. (3.28)
Finally, the log-linearization of the market clearing condition (3.20) yields
Yyt + (1 — (5K)Kkt —+ (1 — (SH)Hht =
Oy + Kkpar + Hhpey + pue (I5) 05 + gy (177411 (3.29)
After the log-linearization, the system consists of nine linear difference equations:
(3.21) — (3.29). These equations can be expressed in matrix notation as

78 _ o qs
P t+1 _= e = 3.30
(i )==()(% o
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where j = [ky hy a; %] is a (n,x 1) vector of state variables at time ¢, 7} = [y, ¢, ng iff z{{],
is a (n, x 1) vector of control variables and ¢;,; = [e141 V41 0 0]’ is a (ns x 1) vector of
shocks. ng and n, stand here for the number of state and control variables, respectively.
The coefficient matrices are given by

1 0 O 0O 0 O 0 0 0
01 0 0 0 O 0 0 0
00 K H 0 0 0 0 0
00 1 0 0 O 0 0 0
P = 00 O 1 0 0 0 0 0
0 0 —60y 65 609 0O 0 619 O
00 0 05 0 61 017 0 bho
00 O 0 0 0 0 0 0
00 O 0 0 0 0 0 0
and
p 0 0 0 0 0 0 0 0
0 P 0 0 0 0 0 0 0
0 0 (1-6x)K (1—6p)H Y -C 0 —p (T5)* =g (17)?
0 0 1—90g 0 0 0 0 0K 0
== 0 0 0 1—0gy 0 0 0 0 oH
0 B6(1— ) 0 0 0 6 0 O 0
0 62— 0169 0 011 0 013 0 0 014
-1 0 —a 0 1 0 —(1-a 0 0
0 03 0 0o -1 6 1464 0 0

Applying expectations to all variables in (3.30) yields

oF, [ ) == L. (3.31)
Ti+1 Ty

In order to solve equation (3.31) for decision rules and laws of motion, I use the gen-
eralized Schur decomposition.6 The generalized Schur decomposition of the two square
matrices ® and = yields four matrices @, Z, S and T with the following properties

(1) Q and Z are Hermitian, i.e. Q7Q = QQ = I and similarly for Z, where Q
is the conjugate or Hermitian transpose of Q).

(2) T and S are upper triangular.

(3) Q& = SZH and Q= = TZ".

6 See for example Blanchard and Kahn (1980), Gomme and Klein (2010), King and Watson (2002),
Klein (2000), Sims (2002) and Uhlig (1999).
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(4) There is no ¢ such that the diagonal elements s; = t; = 0.7 Furthermore, s;;

and t; can appear in any order.®

Premultiplying equation (3.31) with @ and substituting in the expressions from

SZUE | Tt ) —rzi [ ) (3.32)
T+ Tt

(Zt> EZH<‘ii>, (3.33)

where s; has the same length as z} and u; has the same length as z}. Plugging this

into (3.32) yields
SE, ( Sl ) = T( ot > 4 (3.34)
Ut+1 Ut

The matrices S and T' can then be partitioned in the following way

S Sz E St+1 _ Ty T St
t - )
So1 Sa2 Ut41 Ty 1o Uy

where S; has the dimension n, X ng, Sia 18 ng X Ny, So1 1S Ny, X N, and Sog 1S 1, X Ny.

above gives

Define then

T is partitioned similarly.
Upper triangularity of S and T" implies that So; = T5; = 0. The last n,, equations
of this system can then be written as

SQZEtutH = TQQ’LLz. (335)

Since S9o and Thy constitute an unstable matrix pair® any solution to equation (3.35)
with bounded mean must satisfy
u =0 Vi (3.36)

Substituting this into (3.33) and rearranging yields

l’f _ Zn s
- ty
l‘tu Z21

¢ = Ty Z5 s (3.37)

or

This equation gives the decision rules for control variables x}, given the state variables

S
xy.

7 m;; denotes the row 4, column j element of any matrix M.
8 The matrices S and T are arranged such that [s;;| > [ti;] for i = 1,...,ns and |s;] < [ti] for
t=ns+1,..., 05+ ny.

9 The generalized eigenvalue pairs of these matrices satisfy |s;;| < |ti].
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The result from equation (3.36) that u; = 0 for all ¢ implies that for the first n
equations of the system (3.34)

S11Esi11 = T sy
Substituting s; = Z;;'# into this equation gives
511Zﬁ1EtIf+1 = TuZill'ts.

Since S;; and Ti; constitute a stable matrix pair,!® Sy, is invertible and it therefore
holds that

Eui = ZuSy TnZy .
Dropping the expectations operator yields

Ty = ZIISﬂITHanxf +qi1q- (3.38)

This equation gives the law of motion for the state variables z°.

5. Numerical Results

In this section I proceed with a numerical analysis of the model. In order to do so,
some assumptions on functional forms have to be made. Let the utility function be
additively separable and given by

U/(Cz) + U(Lt) =In Ct + Bln Lt-
The health multiplier is assumed to be between zero and one and has the form
P(H;, Z,) =1 — e M2,
The net time endowment is also between zero and one and given by
Hfo
T(Hy, Z}) = ———.
( t) t) Ht Zt I 1
I calibrate the model to match moments from the Swedish data.!! A model period
corresponds to 3 months. The discount rate 5 = 0.995 implies a steady-state annualized
interest rate of 2 percent. The utility parameter B = 2 is set so that in steady state
labor supply comprises about one-third of the household’s gross time endowment. The
depreciation rate of both health and physical capital are set at 0.025 which implies an
annual depreciation rate of 10 percent. The other parameters are set to standard levels
and presented in Table 3.1.
With the assumed parameter values and functional forms, the steady state of the
economy can be determined. As can be seen from Table 3.2, the individual spends

10" The generalized eigenvalue pairs of these matrices satisfy |si;| > [ti].
11 All data referred to in this paper comes from Statistics Sweden.
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Parameter Value Description

« 0.333 Physical capital share

153 0.995 Discount factor

B 2.0 Utility parameter

oy 0.025 Depreciation rate of health capital

0K 0.025 Depreciation rate of physical capital

W 0.1 Health capital investment cost parameter

1% 0.1 Physical capital investment cost parameter

P 0.9 Persistence of shocks to health technology

p 0.9 Persistence of shocks to production technology
o 0.01  Standard deviation of health technology shock
oK 0.01  Standard deviation of production technology shock

TABLE 3.1. Parameter Values

roughly 33 percent of her gross time endowment working and about 55 percent on
leisure. The missing 12 percent of the time the individual is sick and can neither work
nor enjoy leisure. This number is chosen to match Swedish data on sick days.

Variable SS Value Description

Ay 1.00 Production technology
Zy 1.00 Health technology

K 11.71 Physical capital

H, 7.37 Health capital

Y; 1.09 Output

Cy 0.60 Consumption

N, 0.33 Labor supply

L; 0.55 Leisure

Ty 0.88 Time budget

U, -1.70 Utility

1K 0.29 Physical capital investment
I 0.18 Health capital investment
W 2.19 Wage

R, 0.03 Rental rate of capital

TABLE 3.2. Steady State of the Model
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The decision rules for the control variables presented in equation (3.37) now have

the following form

yr =1.49a; + 0.082z; + 0.26k; — 0.07hy,
¢ =0.32a; + 0.082, + 0.44k, + 0.29h,,
ny =0.73a; + 0.122;, — 0.11k; — 0.11h,,
i* =3.91a, + 1.142, — 2.11k, + 2.40h,,
it =1.29a; — 1.622, + 3.49k, — 5.22h,.

This shows how output, consumption, labor supply, physical capital investment and
health capital investment vary depending on the production technology, the health
technology, physical capital and health capital. Since the variables are measured in
log-deviations from steady state, the coefficients can be interpreted as elasticities. For
example, a one percent increase in production technology A yields a 0.32% increase
in consumption. It can be seen that positive health shock has a positive effect on
output, consumption and labor supply. Health capital h; has a negative effect on labor
supply, and hence on output. A one percent increase in health capital increases the
net time endowment by 0.12%. As a result, leisure increases by 0.26% implying a
decline in labor supply. An improvement in the health technology causes a reduction
in health investment and an increase, of roughly the same relative size, in physical
capital investment. A one percent increase in the production technology leads to an
increase in health and physical capital investment by more than one percent. Hence,
better health hence leads to increased savings. Higher productivity, in turn, increases
savings and improves health.

The laws of motion for the state variables were presented in equation (3.38). The
production and health technology behave as follows

a1 =0.90a; + €441,
Zer1 =0.902¢ + vegq
while physical and health capital develop according to
ki1 =0.10a;, + 0.03z, + 0.92k;, 4 0.06h,,
hir1 =0.03a; — 0.04z; + 0.09k; + 0.84h,.

Figure 3.1 shows!? the dynamic response to a one standard deviation decline in the
health technology. In order to offset this decline, the individual increases his investment
in health capital. This increase in health capital investment reduces savings. The

12 The figures are presented in section Al in the appendix.
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resulting decrease in physical capital, together with the reduced labor supply (caused
in turn by a tighter time budget), causes a decrease in output. Since consumption and
leisure are reduced as well, utility decreases when health is hit by a negative shock.

The dynamic response to a one standard deviation decrease in the production tech-
nology can be seen in Figure 3.2. It shows the usual consequences of a negative shock
to productivity, i.e., reduced savings (and hence less physical capital), a decline in
labor supply and a reduction in output. Health capital investment is also negatively
affected by this shock. Health capital therefore decreases. Since the stochastic health
component does not change here, the time budget is reduced as well. Although the
individual has less time available, he will spend more time on leisure. However, since
consumption and health are reduced, total utility is also negatively affected by the
drop in productivity.

Simulating the model for 1000 periods, taking logs and applying the Hodrick-
Prescott filter to remove the trend yields the moments presented in Tables 3.3 and
34.

Standard Deviation (%)

Variable Model Data
Output (Y;) 1.92 1.64
Consumption (CY) 0.47 0.93
Hours Worked (V) 0.95 1.19
Capital Investment (I}) 5.17 4.04

TABLE 3.3. Standard Deviations (Model and Data)

The data used in Tables 3.3 and 3.4 comes from Statistics Sweden. It can be
seen that the model does a good job replicating the standard business cycle facts. To
illustrate another feature of the model, I simulate output and health investment and
compare it with data from Sweden and Germany. The values from the simulation are
aggregated to yearly levels and the first observation of each series is normalized to
one. The Hodrick-Prescott filter is applied to remove the trend. The resulting series
are plotted in panel 1 of Figure 3.3. In the other two panels time series for GDP and
health expenditures from Sweden and Germany are shown. Those series are also first
normalized and then filtered to make them comparable with the series in panel 1. It
turns out that the model is quite capable of reproducing the cyclical behavior of GDP
and health expenditures.
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Model

Cross-Correlation of Output with:
Variable x(=2) z(-1) =z x(+1) x(+2)
Output (Y;) 044 069 1.00 069 0.44
Consumption (C}) 023 052 088 0.74 0.60
Hours Worked (V) 048 071 099 0.65 0.38

Capital Investment ([f) 0.47 070 097 0.62 0.34

Data

Cross-Correlation of Output with:
Variable x(=2) z(-1) =z a(+1) x(+2)
Output (V}) 0.67 0.86 1.00 0.86 0.67
Consumption (C}) 071 079 0.75 0.65 0.48
Hours Worked (V) 024 050 0.69 0.78 0.80

Capital Investment (IX) 0.60 0.79 0.90 0.91 0.81

TABLE 3.4. Cyclical Behavior (Model and Data)

6. Conclusion

In this paper, I develop a framework to study the interactions between health and
business cycles. The individual’s health is determined by his stock of health capital and
a stochastic component. In my framework, health increases the individual’s utility as
well as the total time the individual can spend on either work or leisure. The individual
invests in health capital as well as in physical capital. He further decides how much of
his available time to allocate to labor supply and how much to leisure. The endogeneity
of health is a novel feature of the framework in relation to the previous literature.

In this setting, I show that an unexpected decline in health causes a reduction
in output, consumption and labor supply. In response to a decline in health, the
individual increases investment in health capital and reduces savings accordingly. I also
show that a positive shock to productivity increases both health and physical capital
investment. Better health therefore leads to increased savings. Higher productivity, in

turn, increases savings and improves health.
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FIGURE 3.1. Response to a one standard deviation drop in health tech-
nology. All variables are expressed in log-deviations from steady state.
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FI1GURE 3.2. Response to a one standard deviation drop in production

technology. All variables are expressed in log-deviations from steady

state.



80

HEALTH AND BUSINESS CYCLES
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F1GURE 3.3. Output and health expenditure. The first panel shows a
simulation of the model economy for 68 quarters, aggregated to 17 years.
The second panel shows the corresponding data from Sweden for the
years 1992 to 2008. The third panel illustrates the data from Germany
from 1993 to 2007. The first observation of each time series has been
normalized to one and the Hodrick-Prescott filter has been applied to
remove the trend.
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A2. Log-Linearization.
Production Function: The log-linearization of the production function (3.1) around
its steady state Y = AK*N'~¢ is given by
Y, =Y = KON (A, — A) + aAK“'N'™*(K, — K) + (1 — ) AK*N~*(N, — N)

A — A K — K N, - N
Y e (L ey e

Dividing by Y and using

X X, — X
;=InX,—InX =1In <Yf> ~ 2

=Y

X

yields
VoY _A-A Kt—K+(1 )Nt—N
y a4 YK YN

or
Y = ay + aky + (1 — a)ny.
Intratemporal Equilibrium Condition: Approximating equation (3.18) around the
steady state “U—N) — (1 — @)% yields

o)
—W(q —0)+ %(m —H)+ %(z ~7)
_UN(Z,%;)N) (N~ N) = (1 = @) (¥~ ¥) = (1 = a) 35(N, ~ N).
Dividing both sides of the equation by the steady state gives
R =

or
u’'(C)C v"(T — N)TyH V'(T — N)TzZ v"(T — N)N
T YT TNy T T WT—-N) T @ —N) "
Intertemporal Equilibrium Condition for Physical Capital: The steady state here is
defined by

=Yt — Ny

Y
U eI = B gz + (1= 0k) (1 eI ) |
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The first-order approximation is then given by
Py (C) (1 + pxI™) (Hy — H) + Pz (C) (1 + pxI™) (Z, — Z)
+Pu"(C) (14 px ™) (Cy = C) + Pu'(C)pug (I — I¥)
Y
:ﬁPHU,(O) |:Oé? + (1 - 5}() (1 + MKIK):| (HH»I - H)

+ESPzu(C) [a% + (1= 6) (1 + uKIK)} (Zis1 = Z)

—I—EtﬁPu"(C) |:O[% + (1 - (5}() (1 + /J,KIK):| (Ct+1 - C)

+EBPU(C) [a%} (Yior — Y) — BPU(C) {a%} (Kvir — K)
+E,BPu (C)(1 — 6w (I, — I™).

Substituting in the steady state condition and expressing the variables in log-
deviations from steady state gives

Py (C) (1+ pxI™) Hhy + Py (C) (1 + piI™) Z 2z
+Pu"(C) (14 pxI™) Cer + Pu'(C) g I i)
=Pyt (C) (14 puxI™) Hhyyr + Py (C) (1 + pxI™) ZEz
Y
+Pu"(C) (1 + uKIK) CEicii1 + ﬁPu'(C)a?EtytH

/ Y / 4
—BPu (C)a?k:t“ + BPU(C) (1 — b ) I Eyiy ;.

Intertemporal Equilibrium Condition for Health Capital: In the steady state this
condition is given by

Pu(C) (14 pnI™) =8PV (T = N) Ty + 3P [u(C) + (T = N) |
+BPU(C)(1 = 6p) (1 + pu I .
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Approximating around the steady state yields
Py (C) (1+ pyI™) (Hy — H) 4+ Pz (C) (14 puI™) (Z, — Z)
+Pu"(C) (14 puI™) (Cy — C) + Pu' (C)py (I — 1)
=B [PHU/(T — N)Ty + Pv"(T — NYT% + Pv/(T — N)THH} (Hipr — H)
VE,B [PZU’(T — N)Ty + Pv"(T — NYT, Ty + Pv'(T — N)THZ] (Ziv1 — 2)
—E,BPv"(T — N)Ty(Nyy1 — N)
+5{PHH [u(C) +o(T = N)} + Py!(T — N)TH}(HHl —H)
+EB{ Puz u(C) +v(T = N) | + Puv!(T = N)Tz }(Zus1 - 2)
+E,BPyu/(C)(Cpy1 — C) — E,BPyv (T — N)(Nps1 — N)
+BPy (C)(1 = b6p) (1 + ppI™) (Her — H)
+E,BPz/ (C)(1 = b)) (1 + pul™) (Zir — Z)
+EtBPu”(C)(1 - 6H) (1 + ﬂHIH) (Ct+1 - C)
+E,8Pu (C)(1 — ) pum (I, — I7).
Expressed in log-deviations from steady state
Py (C) (L + ppI™) Hhy + Py (C) (1 + pyI™) Z2
+Pu"(C) (14 puI™) Cep + Pu' (C)py I
:B{ZPHv’(T — N)Ty + Pv"(T — NYT% + Po'(T — N)Typ
+ Py [u(C) + v(T = N) | + Py (C)(1 = 811) (1 + arg ™) } Hhis
+5{PZU'(T — N)Ty + Pv"(T — NYT4Ty + Pv'(T — N)Tuz + Py [u(C) +o(T - N)]
+ Pt/ (T — N)Ty + Pz (C)(1 — 631) (1 + pgr ™) }ZEtth
~8{ P'(T = NYTy + Puv/ (T = N) } N Eun
+B{PHu’(C) + Pu"(C)(1 = 6g) (1 + e I™) }CEth
+BPU (C)(1 — ) sl Eifl .
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Screening Stringency in the Disability Insurance Program

Per Johansson Lisa Jonsson Tobias Laun

ABSTRACT Changes in the screening stringency of applications to the dis-
ability insurance program are potentially important for explaining program
growth. Screening stringency is, however, inherently difficult to observe
since it depends on the implementation of program rules as well as for-
mal eligibility criteria. We derive a theoretical model showing that the
application decision, and with that, the average health of applicants are
endogenous to screening stringency. Based on these results, we provide
an empirical strategy for assessing changes in screening stringency over
time, using the mortality rate after admittance to the disability insurance
program. The strength of the empirical strategy is that it captures both
formal and informal changes in screening stringency. Applying the empir-
ical strategy to Sweden, we find that changes in screening stringency are
an important contributing factor for fluctuations in the disability benefit
award rate over time.

1. Introduction

The disability insurance program has become one of the largest income maintenance
programs in modern welfare states.! Autor (2011) shows that, in the U.S., the share of
25-64 year olds receiving benefits from the Social Security Disability Insurance (SSDI)
increased from 2.3 to 4.6 percent between 1989 and 2009, and that the SSDI Trust
Fund is projected to be exhausted between 2015 and 2018. Duggan and Imberman
(2009) review the literature and distinguish the relative contribution of population
factors, economic conditions and program design for the expansion of the program.
They argue, based on the work by Autor and Duggan (2003) and Black, Daniel and
Sanders (2002), that program growth can be explained by a decline in labor market
opportunities of low-skilled workers, an increase in the effective replacement rate and,
most importantly, the 1984 liberalization of the program’s eligibility criteria.

The authors thank Lars Ljungqvist and Marten Palme for valuable comments. Jénsson and
Laun gratefully acknowledge financial support from the Jan Wallander and Tom Hedelius Foundation
at Svenska Handelsbanken.

1 See e.g. Wise (2012) for a more detailed description of disability insurance programs in several
developed countries.
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Sweden has also experienced a large growth in disability benefits recipiency. The
share of 3064 year olds receiving disability benefits increased from 8 to 12 percent
between 1985 and 2008. In this period, the fluctuations in the award rate have been
large. Jonsson, Palme and Svensson (2012) show that changes in the relative health
of women compared to men and of young compared to old is to some degree reflected
in relative award rates, but that the underlying population health cannot account for
the large variations in inflow over time. The authors further demonstrate that some of
the changes in the award rate can be related to changes in formal eligibility criteria.
Karlstrom, Palme and Svensson (2008) show that the removal of the special eligibility
rules for workers aged 60 to 64 in 1997 led to a decrease in disability benefits recipiency
in this age group. However, the employment effect was crowded out by an increased
utilization of the sickness and unemployment insurances.

In both the U.S. and Sweden, changes in screening stringency seem to be impor-
tant for the growth of the disability insurance program. Changes in formal eligibility
criteria are easily observable but the actual screening stringency also depends on the
implementation of formal program rules, such as caseworker discretion and internal pro-
cesses at the Social Insurance Agency. The contribution of changes in actual screening
stringency to program growth has therefore been difficult to evaluate.

One potential indicator of screening stringency is the denial rate. However, the
denial rate depends on the composition of the applicant pool and the decision to apply
for disability benefits is potentially correlated with screening stringency. Halpern and
Hausman (1986) estimate a model where individuals choose whether to apply for dis-
ability benefits with uncertainty about the approval of their application. The authors
show that the probability of acceptance has a significant effect on the probability of
applying, although, the benefit level seems more important. Parsons (1991) and Gru-
ber and Kubik (1997) use the disability funding crisis of the late 1970s which induced
a sharp increase in initial denial rates as an exogenous change in screening stringency.
Parsons (1991) shows that initial eligibility determination indeed is an important self-
screening mechanism. His results suggest that a 10 percent increase in the initial denial
rate induced a 4 percent decrease in application rates after 2 years. de Jong, Linde-
boom and van der Klaauw (2011) show for the Netherlands that an exogenous increase
in stringency has led to a drop in applications for disability benefits.

In this paper, we provide a theoretical model showing that the denial rate does not
necessarily capture the screening stringency of the disability insurance program if the
application decision depends on the likelihood of getting admitted. We further show
that the relative health of awarded beneficiaries versus non-beneficiaries improves with

a reduction in screening stringency. Based on this result, we propose an empirical
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strategy for assessing changes in screening stringency in the disability insurance pro-
gram over time. We use the mortality rate after admittance as an objective measure of
health and estimate the excess mortality of new disability beneficiaries over time. The
strength of the empirical strategy is that it captures changes in screening stringency
both due to changes in formal eligibility criteria and due to changes in the imple-
mentation of program rules. The latter aspect has been difficult to assess in previous
studies.

Applying the empirical strategy to Sweden, we find that changes in screening strin-
gency are an important contributing factor for the fluctuations in the disability benefit
award rate over time. Screening stringency was comparatively low during the peri-
ods of large inflow to the program in the late 1980s and the early 2000s, whereas the
rapid decline in disability benefit awards since 2005 is reflected in a substantial increase
in screening stringency. The removal of eligibility for pure labor market reasons for
workers aged 60-64 results in an increase of the relative screening stringency for older
workers compared to younger. The large inflow of women compared to men during the
early 2000s corresponds to a relatively lower screening stringency for women. Finally,
the screening stringency has been highest in Stockholm compared to other regions dur-
ing the period under study, but the relative stringency across regions has converged
after the possibilities of taking labor market reasons into account have been removed.

The paper proceeds as follows. Section 2 presents the theoretical model of the
application decision to the disability insurance program. Section 3 presents a numerical
simulation of the model. Section 4 outlines the empirical strategy for assessing changes
in screening stringency. Section 5 describes the Swedish disability insurance program
and the data. Section 6 presents the estimation results and Section 7 concludes the

paper.

2. The Model

In this section we describe a stylized model of an individual’s application decision to
the disability insurance program. The aim of the model is to show that the application
decision, and with that, the average health of applicants are endogenous to screening
stringency. In the model, an individual decides whether to apply for disability benefits
or whether to continue working. When applying, the individual has to determine which
health to signal to the caseworker. If the signaled health is lower than the disability
benefit threshold, the individual receives disability benefits. If this is not the case, the
individual is assumed to return to the labor force.
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Let my be the disability benefit threshold that individual ¢ faces at calendar time

t. This threshold can be expressed as
Mip = My + it

where m, is the average disability benefit threshold at time ¢ and pu; is an idiosyncratic
error term, with zero mean and a cumulative distribution function F(-). The average
disability benefit threshold, m;, is known by the individual.

The individual applies for disability benefits by signaling health to the caseworker.
Let hy be the objective health, which is unobserved by the caseworker, and let 6;; be
the health signaled by the individual. The deviation between signaled and objective
health allows for moral hazard in the model. If signaled health, 6;, is less than the
disability benefit threshold the individual faces, m;, then the individual is awarded
disability benefits. Hence,

DAC _ { Lif Oy —my < pa
it 0 if Oy —me > pa,
where D¢ is an indicator of individual i’s application for disability benefits at time ¢
being accepted.

To determine the optimal value of signaled health, 6}, the individual maximizes

the expected value from applying for disability benefits

VAP (hig, my, wiy) = max {P(Gie, me)VAC (i, wir) (4.1)
+ [1 - p(em mt)] VRJ(hita wit)
_C(eitu R, wzt)} )

where VAC(.) is the value of the application for disability benefits being accepted,
VEJ(.) is the value of the application being rejected, C(+) is the application cost and

p(Oit, my) = Pr(0i —my < pir) =1 — F(0i — my),

is the probability of the application being accepted. It follows that
(9p(91-t, mt)

Po(Oit, my) = =—f(0x—my) <0 (4.2)
a0,
and op( )
P00, 1) = pa#jm = f(6 — my) > 0. (4.3)

That is, the probability of obtaining disability benefits is decreasing in signaled health
and increasing in the average disability benefit threshold.

The value of an accepted application for disability benefits, V4¢, is a function
of the objective health, h;, and the wage, w;. The individual’s consumption, when
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receiving disability benefits, is given by dw;;, where ¢ is the compensation rate. The
other source of utility is the individual’s objective health, h;. The value of receiving
disability benefits is therefore increasing in all arguments.

The value of a rejected application for disability benefits, V7, is a function of the
objective health, h;, and the wage, w;;. Health generates utility and V7 is therefore
increasing in h;;. We assume that the individual returns to the labor force when being
denied disability benefits. The value of being denied disability benefits is therefore
increasing in the wage.

The application cost, C| is increasing in the deviation between signaled and objec-
tive health, which implies that it is costly to lie about the state of health

OC (O, g, wi) [ <0 if 0y < hy
89“ { >0 if Qit > hit~

The application cost is also increasing in the wage. This reflects the fact that in order

Ce(em hit, wz‘t) =

to apply for disability benefits, for example in the U.S., the applicant has to leave his
or her current employment and forego wage earnings. In Sweden, a common way to
signal bad health is to go on sickness absence, which is more costly for high income

earners. Hence,

OC (03¢, hir, wir)
Ow;y

The individual maximizes the expected value of applying for disability benefits,

Cow (O, hir, wi) = > 0.

(4.1), by choosing the optimal health signal. The first order condition is given by
pa(emmt) [VAC(hz‘nwit) - VRJ(hit, wit)} = O&(eita hit, wit)- (4-4)

This equation can be solved to yield the optimal health signal as a function of the
individual’s health and wage as well as the disability benefit threshold

05 = g(hie, my, wy).

This signal in turn determines the value of applying for disability benefits VAL (hy, my, wy).
The sufficient conditions for a unique solution are

Poo (0, M) = *f/(eft —my) <0 (4.5)

and
ng(@ft,mt) > 0. (46)
Condition (4.5) is fulfilled for a wide range of symmetric distribution functions as long
as the optimal signal is below the disability benefit threshold, i.e., as long as 8}, < m,.
Now that the optimal health signal and the value of applying for disability benefits
have been determined, we can see when it is optimal for the individual to apply for

disability benefits. The individual applies for disability benefits if the value of applying
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is larger than the value of working, i.e., if
VAP(hm my, “)it) > VWO(hity 'wit)7

where the latter is increasing in both health and wage.

We assume that in the worst health state it is optimal for the individual to apply
for disability benefits while in the best health state it is optimal to work. This as-
sumption is not very restrictive and can be motivated by a disutility of working which
is decreasing in health. In other words, a healthy individual has a low disutility of
working as well as a high cost of signaling a health low enough to receive disability
benefits. This makes working more attractive than applying for disability benefits. An
individual in bad health, on the other hand, faces a large disutility of working while at
the same time having little or no cost of signaling health below the disability benefit
threshold, which makes applying for disability benefits more attractive than working.
Defining h as the lowest and h as the highest possible health state, we can express
these assumptions as

VAP (b, s, wir) > ywo (h, wir)
and
VAP (h,my, wiy) < VVO(h, wy).

Since the value of working is increasing in health, these assumptions guarantee the
existence of a health level below which it is optimal to apply for disability benefits and
above which it is optimal to continue working. Let us define this health cut-off level
as hCO(mz7 wy). The application decision can then be formalized as follows

DAP _ { Lot hy < hEC (my, wy)
i 0 if  hy > A9 (my, wi),
where DA is an indicator of individual i applying for disability benefits at time ¢.

We are interested in how this cut-off level changes with the average disability benefit
threshold, m,. First, we note that the value of working does not depend on screening
stringency. Then, we apply the envelope theorem and show how the value of applying
for disability benefits changes with m; in equilibrium

AP
%ﬁw = P (05, my) [VAC(hiz,wit) — VR‘](h,it, wz-t)] .
From condition (4.3) we know that p, > 0. If the value of an accepted application
for disability benefits is strictly larger than the utility from being denied benefits, we

know that
GVAP(hit, me, wit)

> 0.
omy
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In other words, the value of applying for disability benefits is increasing in m; in
equilibrium.
As illustrated in Figure 4.1, a reduction in stringency, i.e., an increase from m; to

mj, pushes the value of applying for disability benefits upwards, from VAP (h;, m;) to

VAP (h;,m?). Since the value of working, VWO (h;), does not change, this implies that
the health cut-off level increases from h®(m;) to h“C(m}). We therefore know that

8hCO (mt, ’wﬂ‘)

amt

> 0. (4.7)

VWO(hit)

VAP(hit7 m)’f)

VAP(hm mt)

hCO(m,)  hCO(m!) hat

Fi1cURE 4.1. Change of the Health Cut-Off as Stringency Decreases.

As can be seen in Figure 4.1, the pool of disability benefit applicants increases
from all individuals whose health falls in the interval [k, h“C(m;)] to all individuals
with objective health in [, hC(m})]. The average health among applicants therefore
increases when stringency decreases.

However, to address the question of how the probability of receiving disability
benefits, and hence the acceptance rate to the disability insurance program, changes,
we have to see how the signaled health, 67, is affected by a lower stringency. Implicitly
differentiating the first order condition (4.4) yields

Wy o) [V V()
dmy — pag() [VAC() = VR ()] = Coo(-)’

(4.8)

where

Pom (03, m4) = f' (07, —my) > 0
is the cross derivative of p with respect to 6 and m. The numerator is then strictly
positive if the value of an accepted application for disability benefits is strictly larger
than the utility from being denied benefits. Using this assumptions as well as conditions
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(4.5) and (4.6) we can show that the denominator of (4.8) is strictly negative. We can

therefore conclude that

doy,
= >0
dmy
This implies that not only does the average objective health among applicants in-

(4.9)

crease when stringency decreases, also the health signal of each applicant increases.
The intuition behind this result is that a reduction in stringency increases the prob-
ability of receiving disability benefits which, in turn, allows the individual to signal
health closer to the true state, and hence reducing application costs.

A change in stringency therefore has two effects. The first is a macro or population
effect that describes the change in average objective health among applicants due to the
change in the composition of the applicant pool. The second is a micro or behavioral
effect that captures the fact that applicants signal a different health when stringency
changes.

Recall that we are interested in how the probability of receiving disability ben-
efits, and hence the acceptance rate, changes when stringency decreases. The total
differential of the probability of receiving benefits, p(-), is given by

dp(07;,m¢) = P (0, ) dimy + po (65, me)dO,.
Rearranging yields

dp (el*t ) mi)
dmt

. . dey,
= pm (0, M) + po(07;, m1) dmi' (4.10)

Since p,, > 0, the first part of this expression is strictly positive, while the second part
is strictly negative because of pg < 0 as well as df},/dm, > 0. The first part captures
the fact that a lower stringency, ceteris paribus, increases the acceptance rate to the
disability insurance program. However, the behavioral effect described above leads to
individuals signaling better health when stringency decreases, which in turn reduces
the acceptance rate to the disability insurance program. The effect of stringency on the
probability of receiving disability benefits is therefore undetermined. In other words, it
is not clear whether the acceptance rate of disability applicants increases or decreases

or remains unchanged when stringency changes.

3. Numerical Simulation

In this section we simulate the model numerically in order to illustrate the results
from the previous section. To do so, we make the following assumptions on functional
forms

VAC(hm wit) = 0wt + Az,
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VRJ(hit7wit) = awy + hy — ¢(E — ha),
VWO(hitu wit) = wit + hir — (b — hip).

In other words, utility is linear in consumption as well as in health. When working,
the individual incurs disutility of labor which is decreasing in health. Working causes
no disutility when the individual is in perfect health. An individual on disability
benefits receives the compensation rate times the wage as a benefit. When being
denied disability benefits, the individual returns to the labor force and earns the wage.
However, there is a wage penalty, o < 1, associated with having applied for disability
benefits. Applying for disability benefits might signal low productivity to the employer.
Also, there could be stigma associated with application to the disability insurance
program.

The cost of applying for disability benefits is assumed to be quadratic in the devi-
ation of signaled health from objective health and linear in the wage

C(Oit, hir, wir) = p(hir — 9#)2 + Yw;s.
In particular, we see that assumption (4.6) is fulfilled
Coo (03t hiy, wir) = 2p > 0.

The idiosyncratic error term, i, is logistically distributed and therefore
1

PO = T ey — )

With this functional form we can show that the first derivative with respect to 6 is
negative

Po(Oie, me) = —p (s, my)[1 — p(0ir, my)] < 0.
The second derivative with respect to 6 as well as the cross derivative with respect to
# and m are given by

1
Poo (i, me) = po(bit, my) [2p(0i, my) — 1] <0 & p(by, my) > B & Oy <my.

1
pﬁm(eihm/t) = pm(eihm/t) [2p(9it7mt) - 1} >0 & p(eiumt) > B} & Oy <my.

In other words, all assumptions made in the previous section are fulfilled as long as
individuals signal health below the disability benefit threshold.
The health of individual i at age a is given by
hia = exp(—k(a — 30) +¢;) for a=30,...,100,

where
E; ~ ]\/7(07 0'2).
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An individual in this model survives from one period to the next as long as her health
is above a threshold, i.e., as long as h;, > ¢q;. However, there is also a small probability
of dying, ¢2(a), which is independent of health and increasing in age. All parameters
associated with the health process are calibrated to replicate the survival probabili-
ties that we see in the data. Figure 4.2 compares the probability of surviving from
one period to the next, conditional on living to this period, in our model with the

corresponding numbers in the data.
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FIGURE 4.2. Conditional survival probabilities.

All parameter values used to simulate the model are presented in Table 4.1. For
the purposes of this analysis we keep the wage constant over time and identical for all
individuals, i.e., w;; = w.

Each period n = 1000 individuals aged 30 enter the model. They live at most to
the age of 100. We draw a health shock, ¢;, for each individual as well as an error term,
Wi, for each individual in each period. We then simulate the model for each level of
stringency m = 0,0.05, ..., 1.

In Figure 4.3 we show how the health cut-off, the acceptance rate to the disability
insurance program, the objective health and the signaled health of individuals applying
for disability benefits as well as of individuals accepted to the disability insurance

program vary with the stringency level m.
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Parameter Value Description

a 0.5 Wage penalty
9 0.8  Disability compensation rate
h 1 Perfect health
h 0  Worst health
K 0.04 Health parameter
P 1 Application cost multiplier (signal)
10) 2 Disutility of labor multiplier
Y 1 Application cost multiplier (wage)
Q1 0.1  Survival cut-off
q2(30 0 Probability of dying at age 30
q2(50 0.002 Probability of dying at age 50
q2(70 0.007 Probability of dying at age 70
q2(80 0.01  Probability of dying at age 80
q2(90 0.06  Probability of dying at age 90
o 0.5  Standard deviation of health shock
w 1 Wage
TABLE 4.1. Parameter values
04 T T T T 0.8
E= 207
7038 z
= Q
2 § 0.6
g 036 g
s 205
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m m
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FIGURE 4.3. Simulation of the health cut-off, acceptance rate, objective
and signaled health for different levels of stringency.

Recall that an increase in m corresponds to a decrease in stringency. In the upper
left panel of Figure 4.3 we see the increase in the health cut-off described in condition
(4.7). As stringency decreases, the health level below which it is optimal to apply to
disability benefits increases. As a consequence we see that the average objective health
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among disability benefits applicants and recipients increases with lower stringency. In
condition (4.9), we see that not only objective health but also signaled health among
applicants and recipients increases when stringency decreases. This is illustrated in the
lower right panel of Figure 4.3. This increase in signaled health implies, ceteris paribus,
a lower acceptance rate to the disability insurance program as stringency decreases.
However, as discussed above, a lower stringency by itself leads to a higher acceptance
rate and which of those two effects prevails is analytically unclear.? In our simulation,
the latter effect dominates the former and the acceptance rate increases with falling
stringency.

In Figure 4.4 we compare objective health and mortality of disability benefits appli-
cants to non-applicants and of recipients to non-recipients. Here, mortality is measured
by using longevity in the form of the difference between the maximum number of years
alive and the actual number of years alive.3
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FIGURE 4.4. Comparison of the health and mortality of disability ben-
efit applicants to non-applicants and of disability benefit recipients to
non-recipients.

2 See equation (4.10).
3 Recall that agents enter the model at age 30 and die with certainty at age 100. The maximum
number of years alive is therefore 71.
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In the upper left panel of Figure 4.4 we see the average objective health of disability
insurance applicants relative to the average objective health of non-applicants. We see
that, as stringency decreases, the disability insurance applicants become relatively
healthier. In the upper right panel we see that the same holds for disability benefits
recipients relative to non-recipients.

The two lower graphs in Figure 4.4 show the average mortality of disability in-
surance applicants relative to non-applicants on the left side and disability insurance
recipients relative to non-recipients on the right side. We can see that mortality of
applicants and recipients relative to non-applicants and non-recipients decreases when
stringency decreases.

Consider the null hypothesis that there are no changes in screening stringency
over time. In that case, we get from the theoretical model, that the relative health
of disability benefit recipients compared to non-recipients is constant. If we could
observe the health of individuals receiving disability benefits, we could therefore test
the null hypothesis of constant screening stringency against the alternative hypothesis
that screening stringency changes over time.

It is, however, difficult to observe the objective health of individuals. One com-
mon measure of objective health is mortality. Under the assumption that mortality,
at a given age, is inversely proportional to the health of the individual, the relative
mortality of disability benefit recipients compared to non-recipients is constant if there
are no changes in screening stringency. Thus, by observing the mortality of disability
beneficiaries after admittance we can identify changes in screening stringency.

4. Empirical Strategy

In this section, we propose an empirical strategy for testing whether screening strin-
gency changes over time. We use the result from the previous section that the relative
mortality of awarded disability beneficiaries compared to non-beneficiaries should be
constant over time, for a given level of screening stringency.

First, we need to make an assumption about the distribution of longevity. We could
assume a specific form of the underlying distribution of the time to death and perform
the analysis within a full maximum likelihood framework. Instead we assume that,
under the null hypothesis of constant screening stringency, the mortality of awarded
disability beneficiaries at each age is proportionally related to the mortality of non-
beneficiaries. This assumption holds for a number of known distributions, such as the
Weibull and the exponential distribution, and allows for a semi-parametric estimation
of the parameters of interest. The mortality hazard of awarded disability beneficiaries,
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A(a), is then given by

Aa) = g(a) exp(f),
where g(a) is the baseline hazard at age a and exp(f) is the mortality ratio of awarded
beneficiaries compared to non-beneficiaries. We know that 5 > 0 since the mortality
of disability insurance beneficiaries is larger than the general mortality at each age, as
is shown in Figure 4.4.

One concern when bringing the model to the data is that the baseline hazard
is likely to vary across cohorts due to, for example, the expansion of education or
changes in nutrition. This can be accounted for within a duration analysis framework
by stratifying the baseline mortality risk by cohort. Another reason to stratify the
baseline hazard by cohort is to solve the problem of length-bias sampling, that comes
from the fact that we observe different cohorts during different ages. This issue is
discussed further in the data section.

Under the null hypothesis that screening stringency is constant over time, [ can be
estimated using the stratified Cox proportional hazard model

/\ic(a) = gc(a’) eXp(ﬁDi(a))v t=1,..n,

where A;.(a) is the mortality hazard of individual ¢ in cohort ¢ at age a and g.(a)
is the baseline hazard of cohort c¢. D;(a) is a step function that takes the value one
after individual ¢ is awarded disability benefits at age a. For an individual who is not
awarded disability benefits during the studied time period, D;(a) is zero for all ages.

The alternative hypothesis, that the disability benefit threshold changes over time,
can be analyzed by testing if 5; =  for all ¢ in the model

Nie(@) = ge(a) exp(BiDi(a)), i=1,...n, t=1,..T, (4.11)

where ¢ is the year in which the individual was awarded disability benefits. An equiv-
alent model would be to estimate an average mortality ratio of awarded disability
beneficiaries compared to non-beneficiaries, and separate effects of the deviation from
the average over time. Identification of §; comes from the within cohort comparison
of mortality hazards at age a for those who are awarded disability benefits at calendar
time ¢ compared to those who have not yet obtained disability benefits. The individ-
uals in the comparison group may, however, begin receiving disability benefits later if
eligible then. Since individuals are no longer eligible for disability benefits above age
64, we censor the observations above this age.t

4 The reason is that we do not know if an individual aged, say, 66 would still have remained in the
control group. Had the eligible age been 66 years, his or her health could have been such that he/she
instead would have received disability benefits if applying. Keeping individuals in the control group
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The model also allows us to test for differences in screening stringency across dif-
ferent groups of the population. We can test for differences across age groups by

estimating the model
Aic(a) = ge(a) exp(BeDir(a) + 8¢ Dir(a)(a; = a)), i=1,...n, t=1,...T, (4.12)

where the coefficients o7 capture differences in screening stringency across age groups
over time.

We can also test for differences in screening stringency across other types of popula-
tions defined by, e.g., gender or region of residence. We could use the same model as in
equation (4.12). This test, however, is based on the assumption that the productivity
and health of the two populations at each age are the same, which might be unlikely
for men and women or for individuals living in different regions of Sweden. However,
under the assumption of a proportional health and productivity difference at each age
a in the two populations, it is still possible to test for differences in screening stringency
across the two populations. We then get that g.(a,p = 2) = g.(a,p = 1) exp(do), which
gives us the proportional hazard model

Aie(a) = ge(a) exp(dol (pi = 2) + BiDi(a) + 0f Dir(a) I (p; = 2)), (4.13)
i=1,..,n, t=1,..T,

where the coefficients 67 describe the changes in screening stringency across the two
populations over time.

5. An Application to Sweden

We apply the empirical strategy, outlined in the previous section, to Sweden. In this
section, we describe the Swedish disability insurance program, discuss the data used
for estimation and present the development of program participation over time and
across groups. As we will see, Sweden is an interesting application since the disability
benefit award rate has varied considerably during the time period under study, in a
fashion that cannot always be attributed to formal program changes. The strength of
the proposed empirical strategy is that also informal changes in the implementation of
program rules can be detected.

5.1. The Swedish Disability Insurance Program. The Swedish disability in-
surance program replaces foregone earnings due to a lasting reduced working capacity
for workers aged 19-64. Benefits can be granted part-time or full-time, depending on

after the age of 64 could lead to an attenuation of the estimated screening effect. However, when we
include data above age 64 in the analysis, the patterns of the results are similar.



100 SCREENING STRINGENCY IN THE DISABILITY INSURANCE PROGRAM

the extent of the work impairment, and the compensation level is 64 percent of the as-
sumed income, up to a ceiling. Before 2003, the disability insurance program was part
of the public pension system instead of the social insurance system, and benefits were
calculated according to the formula that applied to old-age pension. The average level
of compensation was, however, similar before and after 2003. Disability benefits can
be supplemented with payments from occupational insurances, covering the majority
of Swedish workers.5 The total compensation level, including occupational insurances,
is about 80 percent for workers in the private and local government sector and about
85 percent for workers in the central government sector, for earnings below the ceiling.

The basis in the eligibility determination process is that a clear relationship be-
tween medical causes and the reduction in working capacity is required in order to
qualify for disability benefits. During certain time periods and for certain groups of
workers, however, consideration could also be given to the individual’s labor market
situation. From 1972 to October 1991, individuals aged 60 to 64 could be granted dis-
ability benefits for pure labor market reasons, without a health assessment, if they were
still unemployed when reaching the time limit in the unemployment insurance. From
1970 to January 1997, favorable rules for workers aged 60 to 64 further implied less
strict health assessments, no test of employability and lower requirements for changing
occupation or area of residence in order to find work. During the same time period,
workers of all ages could be granted disability benefits for labor market reasons and
health reasons combined, if they suffered from a reduced working capacity for medical
reasons and had been unemployed for 1-2 years.

Since the reform in 1997, individual job opportunities should not be taken into
account in the eligibility determination for disability benefits. The explicit focus on
medical conditions when assessing the individual’s working capacity makes the Swedish
disability insurance program somewhat different from the U.S. counterpart. The Social
Security definition of disability in the U.S. is “the inability to engage in a substantial
gainful activity in the U.S. economy” and, in 1984, the program’s eligibility criteria
were liberalized from mainly considering diagnostic and medical factors to placing more
weight on the applicant’s ability to function in a work-like setting.® This implies an
inherent feature in the U.S. disability insurance program of responding to changes in
individual job opportunities.

5 Sjogren Lindquist and Wadensjo (2007) estimate that 96 percent of Swedish workers are covered
by a collective agreement allowing for occupational insurance, and that almost all of these workers
fulfill the criteria for receiving occupational insurance when sick. Between 60 and 80 percent of workers
claim occupational insurance when receiving disability benefits.

6 See e.g. Autor (2011).
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5.2. Data. To study the Swedish disability insurance program, we use data cov-
ering all individuals in Sweden aged 30-64 from 1985 to 2008. The data originates
from administrative records, collected and maintained by Statistics Sweden. For each
individual, we observe birth year, gender and the county of residence. We also have
access to detailed spell data on the collection of disability benefits, provided by the
Swedish Social Insurance Agency. For each year, we record if the individual received
disability benefits and whether it was the entry year to the program. Since the data is
based on disability benefits payments, there might be a slight lag of the first payment
compared to the decision to award benefits. Finally, we add information about mor-
tality, provided by the National Board of Health and Welfare. Mortality is measured
until 2010 or until the year the individual turns 64.

Once awarded benefits, most individuals remain in the disability insurance program
until retirement. For the individuals who are awarded disability benefits at several
occasions, the first year of award is regarded as the entry year to the program.” We
define the county of residence as the county in which the individual resides when
first awarded disability benefits. For individuals never awarded benefits, the county
of residence is defined as the county in which the individual lives for the most years
during the period under study.

The sample used for estimation consists of individuals aged 30-64 during 1985—
2008 who are not already receiving disability benefits during the first year in which
they are observed. This includes individuals who are observed from the beginning of
the sample period and are not receiving disability benefits in the first year, 1985, as
well as individuals entering the sample by turning 30 during 19862008 and not already
receiving disability benefits at that age. The sampling of individuals aged 30-64 from
1985 to 2008 implies that different cohorts will be observed for different periods of time
and at different ages. This problem of length bias sampling is solved by stratifying the
baseline hazard by cohort in the Cox regression model.

5.3. The Development of Program Participation. After we apply the pro-
posed estimation strategy to the Swedish disability insurance program, we relate the
empirical results for the changes in screening stringency over time to the development
of disability benefit awards. Figure 4.5 presents the development of program partic-
ipation. The solid line, plotted against the left axis, shows the share of individuals
aged 3064 receiving disability benefits. The dashed line, plotted against the right
axis, shows the disability benefit award rate among those not already receiving bene-
fits. From 1985 to 2008, the share of disability beneficiaries increased from just over

7 This simplification leads to only 2.4 percent of the registrations of program participation not
corresponding to the data.
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8 percent to about 12 percent, but the fluctuations in the award rate were large. The
disability benefit award rate was high during the late 1980s and early 1990s, declined
during the mid 1990s and increased rapidly during the late 1990s and the early 2000s.
Since the mid 2000s, there has been a remarkable drop in new disability benefit awards,
which has even resulted in a decline in the number of beneficiaries in recent years.
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FIGURE 4.5. The share of individuals receiving disability benefits and
the disability benefit award rate in ages 30-64 in Sweden, 1985-2008

The reasons for the fluctuations in the disability benefit award rate over time are
not fully understood. The decline in awards in the early 1990s coincided with the
removal of the pure labor market reasons for workers aged 60 to 64 in 1991, but the
adaption did not appear immediately. There were also fluctuations in the award rate
around the reform in 1997, when the favorable rules for workers aged 60 to 64 and the
eligibility rules for health and labor market reasons combined were removed. The large
increase during the early 2000s and the subsequent decline since the mid 2000s, however,
cannot be attributed to any formal program changes. In 2005, the 21 regional offices
of the Social Insurance Agency were integrated into one central authority. This might
have affected the internal processes within the agency and be a reason for the decline
in awards after the re-organization. The formal eligibility criteria were substantially
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tightened in July 2008, but the large drop in disability benefit awards appeared well
before this. Whether or not an informal change in the assessment of new applicants
preceded the change in formal program rules will be investigated in the empirical
analysis.

We use the empirical strategy to study changes in the relative screening stringency
across age groups, gender and regions of residence. As discussed above, several of the
changes in formal eligibility criteria have concerned the age group 60 to 64. Figure 4.6
shows the disability benefit award rate in the age groups 30-59 and 60-64. Following
the removal of the pure labor market reasons for workers aged 60 to 64 in October
1991, the award rate in this age group fell from between 6 and 7 percent to just above
2 percent in 1998. Interestingly, the fluctuations in the award rate around the removal
of the favorable elderly rules in 1997 also appeared exclusively for the older age group.
The pattern in award rates during the 2000s was similar across the two age groups. In
the mid 2000s, the award rate in the younger age group was higher than ever before. In
the empirical analysis, we study whether this is solely due to changes in the underlying
health, or whether it can also be related to a looser screening of younger applicants.
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Figure 4.7 shows the disability benefit award rate during 1986-2008 for men and
women. Women have been more likely to be awarded disability benefits throughout
the period. Between 1986 and 1998, the award rates of women and men developed
similarly. The increase in awards between 1998 and 2005, however, was much larger
for women. The decrease in awards since 2005 has again led to a convergence in award
rates of women and men. The changes in relative award rates across gender could be
motivated by changes in the underlying health. Jonsson, Palme and Svensson (2012)
show that the health of older men has improved over the last decade, while the health
of older women has remained fairly constant. The changes could, however, also be
due to differential assessments of eligibility for men and women over time. This is
investigated in the empirical analysis.
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F1GURE 4.7. The disability benefit award rate among men and women
in Sweden, 19862008

The inflow to the disability insurance program has varied considerably across re-
gions. Figure 4.8 presents the development of the disability benefit award rates in
four large regions in Sweden. The inflow has been lowest in the Stockholm region
and highest in the northern part of Sweden, Norrland, throughout the period, whereas
the middle part of Sweden, Svealand (excluding Stockholm), and the southern part of
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Sweden, Gotaland, have had intermediate award rates. We expect differences in award
rates, even after controlling for health, before 1997 when labor market opportunities
could be taken into account in the eligibility determination. The unemployment rate
has typically been highest in Norrland and lowest in the Stockholm region, and we see
that the Stockholm region contributed less to the large inflow during the late 1980s. In
the empirical analysis, we study whether the differences in award rates across regions

can be explained by varying degrees of screening stringency.
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FIGURE 4.8. The disability benefit award rate across Swedish regions,
1986—2008

6. Results

This section presents the results from the empirical analysis. First, we provide the
main estimation results of the overall changes in screening stringency in the Swedish
disability insurance program from 1986 to 2008. Next, we analyze how the screening
stringency has changed for different groups of the population, defined by age, gender
and region of residence.
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6.1. Main Results. Figure 4.9 presents the main results from the estimation of
equation (4.11). The estimated coefficients are presented in terms of hazard ratios,
exp(f), plotted by the solid line. A hazard ratio of one implies that there is no differ-
ence in mortality between new disability beneficiaries and non-beneficiaries, whereas a
hazard ratio of three implies a three times higher mortality hazard of new beneficiaries.
Changes in the excess mortality of new disability beneficiaries over time indicate that
the screening stringency in the disability insurance program has changed. The dotted
lines plot the 95 percent confidence interval, with standard errors clustered by birth
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FIGURE 4.9. Estimated mortality hazard ratio of new disability bene-
ficiaries compared to non-beneficiaries and the disability benefit award
rate, 1986-2008

The estimates in Figure 4.9 suggest that the screening stringency was relatively low
during the 1980s. The mortality hazard of new disability beneficiaries was less than
three times as large as for non-beneficiaries during this period. In the early 1990s,
screening stringency increased and then remained at the new level during the mid 1990s.
Between 1998 and 2004, screening stringency steadily declined. Since 2004, however,
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screening stringency has rapidly increased. The mortality hazard of new disability
beneficiaries in 2008 is more than four times higher than for non-beneficiaries.

Figure 4.9 also presents the disability benefit award rate among individuals who
are not already receiving benefits. The changes in screening stringency correspond well
to the changes in the disability award rate over time. The award rate was high during
the late 1980s, when screening stringency was low. The increasing screening stringency
during the early 1990s is also reflected in a decreasing disability benefit award rate.
The spike in awards in 1992 does not appear to be caused by slackening stringency.
Anecdotal evidence suggests that a shortage of caseworkers led to a queue of cases
during the preceding years, and that the spike in 1992 is due to a shifting of assessments
across years. This would explain why the screening stringency is unaffected. The
increase in awards in 1997, on the other hand, is reflected in a reduced screening
stringency during that particular year, but the development is counteracted in 1998.
This might be a transitory response to the removal of the elderly rules in 1997. From
1998 to 2004, when screening stringency steadily declined, the disability benefit award
rate rapidly increased. Finally, the increase in screening stringency from 2004 onwards
is reflected in a marked decrease in disability benefit awards.

6.2. Heterogeneity Analysis. In this section, we study the relative changes in
screening stringency across age groups, gender and regions of residence. Since several
changes in formal eligibility criteria have concerned the age group 60-64, we begin by
studying the relative difference in screening stringency over time for workers aged 30—
59 and 60-64. To do this, we estimate equation (4.12) and let a; = a if the individual
was awarded benefits at age 60-64. Figure 4.10 presents the hazard ratios of the
estimated coefficients, exp(d¢), representing the relative mortality hazard of individuals
awarded benefits at age 60-64 compared to 30-59. The dotted lines plot the 95 percent
confidence interval, with standard errors clustered by birth cohort.

The hazard ratio in Figure 4.10 is below one throughout the period, which suggests
that the screening stringency of older beneficiaries has been lower than that of younger
beneficiaries. The relative screening stringency for older compared to younger workers
was constant during the 1980s but increased rapidly after the removal of the pure labor
market reasons for the age group 60-64 in 1991. During the mid 1990s, the relative
screening stringency for individuals awarded disability benefits above and below age
60 was again fairly constant, except around the time of the removal of the favorable
elderly rules in 1997. This change led to a temporarily reduced screening stringency
for older workers in 1997, followed by a spike in screening stringency in 1998. After
that, the relative screening stringency returned to the previous level, increased again
in the early 2000s and decreased slightly during the last few years of observation.
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FIGURE 4.10. Estimated mortality hazard ratio of disability beneficia-
ries aged 60-64 compared to beneficiaries aged 30-59 and the disability
benefit award ratio of the same age groups, 1986-2008

The grey line in Figure 4.10 shows the relative disability benefit award rate of the
age group 60-64 compared to the age group 30-59. The development of screening
stringency corresponds well to the relative award rate of older compared to younger
workers. Older workers were awarded disability benefits almost eight times as much
as younger workers during the 1980s, when the pure labor market reasons for older
workers were in place. After these rules were removed in 1991, and the relative screening
stringency for older compared to younger workers increased, the relative award rate
rapidly decreased. The transitory decrease in relative screening stringency in 1997
can also be depicted in a sudden spike in relative disability benefit awards of older
compared to younger workers. During the early 2000s, the relative award rate of older
compared to younger workers declined and the relative screening stringency increased.
This suggests that the large increase of younger disability beneficiaries during this
period is not only driven by relatively worse health in this group, but also by reduced

screening stringency for younger workers.
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FIGURE 4.11. Estimated mortality hazard ratio of female compared to
male disability beneficiaries and the disability benefit award ratio of
women compared to men, 19862008

To study relative changes in screening stringency across gender, we use the model
presented by equation (4.13) and let p; = 2 indicate being a woman. The solid line in
Figure 4.11 plots the mortality hazard ratio of new female beneficiaries compared to
their male counterparts, exp(d?), and the dotted lines plot the 95 percent confidence
intervals with standard errors clustered by birth cohort. The mortality ratio of female
compared to male beneficiaries is below one throughout the period, which implies that
screening stringency has been lower for women than for men. Recall that we control for
the relative mortality of women and men in the population by estimating the parameter
do. During the 1980s, the relative screening stringency between men and women was
constant, and during the mid 1990s, the stringency across gender converged. From 1997
to 2003, however, the mortality hazard ratio of female compared to male beneficiaries
decreased, but has increased during the end of the period. In 2008, there is no longer
a significant difference in screening stringency across gender.

Figure 4.11 also presents the relative disability benefit award rate of women com-
pared to men. When the relative screening stringency decreased during the early 2000s
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there was a corresponding increase in the relative award rate of women compared to
men. This suggests that the large increase in disability benefit awards for women dur-

ing this period can not be explained solely by changes in health, but is also due to a

slackening in screening stringency for women compared to men.
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FIGURE 4.12. Estimated mortality hazard ratio of new disability ben-
eficiaries in Swedish regions compared to beneficiaries in the Stockholm
region, 19862008

To study the relative screening stringency across regions over time, we estimate
equation (4.13), but with four groups instead of two: Gotaland, Svealand (excluding
Stockholm) and Norrland are compared to the Stockholm region. Figure 4.12 shows the
mortality hazard ratios of new beneficiaries in each region, compared to beneficiaries
in the Stockholm region, during 1986-2008. The relative screening stringency in the
other regions compared to Stockholm was lowest during the late 1980s and the early
1990s, but has approached one since the possibilities of taking labor market reasons
into account were removed. Figure 4.13 shows the relative disability benefit award
rate in the regions relative to the award rate in Stockholm. The relative screening
stringency across regions correspond well to the relative disability benefit award rates.
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This suggests that part of the explanation for the differential inflow to the disability

insurance program across regions is differences in screening stringency.
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FIGURE 4.13. The disability benefit award ratio of Swedish regions com-
pared to the Stockholm region, 19862008

7. Conclusion

Changes in the screening stringency of applications to the disability insurance pro-
gram are potentially important for explaining program growth. Screening stringency
is, however, inherently difficult to observe since it depends on the implementation of
program rules as well as formal eligibility criteria.

In this paper, we derive a theoretical model of the application decision to the
disability insurance program. Individuals decide whether to apply for disability benefits
and, if so, which health to signal to the caseworker. The application cost is increasing in
the deviation of signaled health from objective health. The probability of a successful
application is increasing in the average disability benefit threshold, which is known
to the individual, and decreasing in the signaled health. We show that it is optimal
for individuals to apply for benefits if their health is below a certain cut-off, which



112 SCREENING STRINGENCY IN THE DISABILITY INSURANCE PROGRAM

is increasing in the average disability benefit threshold. When screening stringency is
reduced, i.e., when the average threshold increases, the health cut-off increases and the
average health among applicants improves. Since the signaled health among applicants
also increases when stringency decreases, the change in the acceptance rate to the
disability insurance program is undetermined. The laxer stringency has a positive
effect on the acceptance rate while the improved health signal has a negative one.

We then show that the health of disability benefits recipients relative to non-
recipients improves when stringency is reduced. This can be used to detect changes
in screening stringency in the disability insurance program. We propose an empirical
strategy for assessing changes in screening stringency over time, using the mortality of
awarded disability beneficiaries compared to non-beneficiaries over time. The strength
of the empirical strategy is that it captures both formal and informal changes in screen-
ing stringency. Applying the strategy to Sweden, we find that much of the fluctuations
in disability benefit award rates over time can be related to changes in screening strin-
gency. For example, the rapid decline in the disability benefit award rate since 2004,
which does not coincide with any formal changes to the program, can be attributed to

a substantial increase in the stringency of screening.
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