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Abstract

This thesis is comprised of three chapters. The �rst article studies the determinants of the labor
force participation of elderly American males and investigates the factors that may account
for the changes in retirement between 1950 and 2000. We develop a life-cycle general equilib-
rium model with endogenous retirement that embeds Social Security legislation and Medicare.
Individuals are ex ante heterogeneous with respect to their preferences for leisure and face uncer-
tainty about labor productivity, health status and out-of-pocket medical expenses. The model is
calibrated to the U.S. economy in 2000 and is able to reproduce very closely the retirement be-
havior of the American population. It reproduces the peaks in the distribution of Social Security
applications at ages 62 and 65 and the observed facts that low earners and unhealthy individuals
retire earlier. It also matches very closely the increase in retirement from 1950 to 2000. Changes
in Social Security policy - which became much more generous - and the introduction of Medicare
account for most of the expansion of retirement. In contrast, the isolated impact of the increase
in longevity was a delaying of retirement.

In the second article, I develop an overlapping generations model of criminal behavior, which
extends prior research on crime by taking into account individuals�labor supply decisions and
the stigma e¤ect that a¤ects convicted o¤enders, lowering their likelihood of employment. I use
the model to guide a quantitative assessment of the determinants of crime and of a counterfactual
experiment in which an income redistribution policy is thought as an alternative to greater law
enforcement. The model economy considered in this paper is populated by heterogeneous agents
who live for a realistic number of periods, have preferences over consumption and leisure, and
di¤er in terms of their age, their skills as well as their employment shocks. In addition, savings
may be precautionary and allow partial insurance against the labor income shocks. Because
of the lack of full insurance, this model generates an endogenous distribution of wealth across
consumers, enabling us to assess the welfare implications of the redistribution policy experiment.
I calibrated the model using the US data for 1980 and then use the model to investigate the
changes in criminality between 1980 and 1996. The main results that come out of this study
are: 1) Law enforcement policy was the most important factor behind the fall in criminality
in the period, while the increase in inequality was the most important single factor promoting
crime; 2) Stigmatization is not a free-cost crime control policy; 3) Income redistribution can be
a powerful alternative policy to �ght crime.

Finally, the third article studies the impact of HIV/AIDS on per capita income and education.
It explores two channels from HIV/AIDS to income that have not been su¢ ciently stressed by
the literature: the reduction of the incentives to study due to shorter expected longevity and
the reduction of productivity of experienced workers. In the model individuals live for three
periods, may get infected in the second period and with some probability die of Aids before
reaching the third period of their life. Parents care for the welfare of the future generations so
that they will maximize lifetime utility of their dynasty. The simulations predict that the most
a¤ected countries in Sub-Saharan Africa will be in the future, on average, thirty percent poorer
than they would be without AIDS. Schooling will decline in some cases by forty percent. These
�gures are dramatically reduced with widespread medical treatment, as it increases the survival
probability and productivity of infected individuals.



Chapter 1

The E¤ect of Social Security, Health,
Demography and Technology on
Retirement

1.1 Introduction

The reduction of the participation of elderly people in the labor force was one of most remarkable
economic changes of the last century, particularly in the second half. In 1950, 46% of men aged
65 and over in the United States were working, but only 16.5% were in 2000. Just four out
of every ten 66-year-old males were retired in 1950, but �fty years later almost seven out of
ten were out of the labor force. This phenomenon is hardly exclusive to the United States.
Blondal and Scarpetta (1998) and Gruber and Wise (1999) provide evidence that the workforce
participation of the elderly population has declined in many countries of the OECD.

Currently, more than 50% of workers choose to retire at the age of 62, when they �rst become
eligible for early retirement bene�ts under social security, although at a reduced level. In 1950,
in contrast, there was no legal early retirement age and the minimum and normal retirement age
coincided at 65. The decision to retire, and to do it early, is in�uenced by a number of factors
in addition to age and the rules of social security such as health status, income, preference for
leisure, etc. For instance, according to data from the Health and Retirement Survey, approxim-
ately 90% of individuals between 55 and 85 years of age who declared themselves in poor health
were retired in 2000, compared with only 40% of those in excellent health.

This article develops and calibrates a lifeclycle general equilibrium model with heterogeneous
agents to study the determinants of the labor force participation of elderly American males and
to investigate the factors that may account for the changes in retirement between 1950 and
2000. We focus on the role of Social Security, health status and the introduction of Medicare,
demographic factors (associated with higher longevity) and changes in the age-e¢ ciency pro�le.

Our arti�cial economy is populated by agents who live for a realistic number of periods,
have preferences over consumption and leisure and choose at each period whether to stay in the
labor force or retire. Agents split their working hours between home production and working in
the market. Individuals are ex ante heterogeneous with respect to their preferences for leisure
and face uncertainty about their labor productivity, their health status and their out-of-pocket
medical expenses. Agents can accumulate a single risk-free asset, which takes the form of capital.
Savings may be precautionary and allow partial insurance against the idiosyncratic shocks.

In addition, we model the U.S. Social Security system in detail and also allow agents to
decide when to start collecting retirement bene�ts regardless of their employment status. This
is consistent with the empirical evidence in Rust and Phelan (1997) and Benítez-Silva and
Heiland (2008), who show that a large number of agents claim bene�ts while continuing to
work, mainly among the nearly elderly ones.
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We also take into account Medicare, which was introduced in 1965 and constitutes a fed-
eral health insurance program that provides subsidized health insurance coverage to virtually
every American over age 65. Medicare provides generous insurance against medical expenditures
shocks and could induce earlier retirement because of the limited need to accumulate precau-
tionary savings. Conversely, because of eligibility requirements, it also encourages the delay of
retirement until 65.

The model is calibrated to the U.S. economy in 2000, our benchmark year, and is able to
reproduce very closely the retirement behavior of the American population. In particular, the
model reproduces the peaks in the distribution of Social Security applications at ages 62 and 65
and the observation that unhealthy and poor individuals retire earlier.

The model is then simulated considering the changes in Social Security, Medicare, age-
e¢ ciency pro�le and demography between 1950 and 2000. We �nd that the simulated labor
force participation of older individuals increases to levels similar to those in the data. We show
that the incentives implied by the institutional factors concerning Social Security and Medicare
legislation are very e¤ective in in�uencing retirement behavior. For instance, a counterfactual
experiment in which all parameters were kept at their 2000 values, but the rules of Social Security
were changed to those of 1950, �nds that the retirement rate drops for every age group. More
importantly, the retirement peak at age 62 disappears, as in 1950 when there was no early
retirement bene�ts.

This article extends and improves the previous literature in many aspects. Our model is
related to Imrohoroglu, Imrohoroglu and Jones (1995), Huggett and Ventura (1999), Nishiyama
and Smetters (2007), and Rojas and Urrutia (2008). These models provide a framework rich
enough to deal with all the factors that potentially a¤ect the retirement decision. Furthermore,
this structure allows us to model more accurately the dynamic structure of a social security
system. In these papers, however, the retirement decision is exogenous in contrast to our model.

Conde-Ruiz and Galasso (2003) endogenize retirement, but in a purely theoretical political-
economy framework with no quantitative analysis. French (2005, 2011) estimates a partial
equilibrium lifecycle model of retirement behavior in which health and wages are uncertain. He
uses the model to simulate the impact on the labor supply of modi�cations to Social Security
legislation. Diaz-Gimenez and Diaz-Savavedra (2009) use an overlapping generational model
with an endogenous retirement decision to study pension system reform in Spain. Our model
has many features in common with theirs; but as we study the American economy, the calibration
and institutional details of the model are obviously very di¤erent as are the experiments we run.
Finally, in Kopecky (2011) whereas the decision to leave the labor force is endogenous as in our
article, hours worked are �xed in every period and there is no social security in the model, which
plays an important role in our case.1

As for the channels we emphasize as a¤ecting retirement behavior, the importance of higher
Social Security bene�ts has been investigated in a number of articles using a variety of estimation
methods.2 Nevertheless, this literature has not come to a consensus. In fact, whereas Gustman
and Steimeier (1986) and Rust and Phelan (1997) have found that Social Security bene�ts
have had a strong negative e¤ect on male labor supply, Burtless (1986), Stock and Wise (1990)
and Krueger and Pischke (1992) concluded that it had little e¤ect. These results suggest that
either there are problems associated with the methods that have been used to investigate this
relationship,3 or there are other explanations that must be taken into consideration.4 In this

1Another related reference is Eisensee (2005) who uses a similar method to study how changes in the Social
Security system in the U.S. a¤ected retirement. His model, however, does not allow for idiosyncratic shocks - an
important feature of our model - or health status, which we found to be important in the decision to leave the
labor force.

2A recent survey of the literature can be found in Coile and Gruber (2007).
3Coile and Gruber (2007), for example, argue that some of these studies consider social security impacts at a

point in time, but not the e¤ects that arise from the time pattern of social security wealth accruals.
4Krueger and Pischke (1992) raise this point, after �nding little e¤ect of social security bene�ts on labor supply.
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article, we bring together, in a single model, di¤erent explanations for the decision to retire.
The impact of health status and Medicare on retirement has also been investigated by Rust

and Phelan (1997) and French and Jones (2005, 2011). However, they do not study the evolution
of retirement over the last decades, which is a major goal of this paper. Additionally, none of
these articles include home production, which is an important factor for the model to be able
to reproduce the pattern of consumption over the lifecycle (Aguiar and Hurst, 2005).5

Regarding the impact of the rise in longevity on the decision to leave the labor force, Kalemli-
Ozcan and Weil (2010) show that an exogenous decrease in the probability of death, which allows
people to better plan saving for old age, generates a longer retirement life. In contrast, Bloom et
al. (2007) show that, depending on social security provisions, improvements in life expectancy
may induce people to remain in the labor force to increase savings for old age. Our simulations
show that the latter e¤ect dominates.

Finally, technology change may modify age-earnings pro�les and hence the decision to leave
the labor force, as shown by Ferreira and Pessôa (2007)6. In fact, Heckman, Lochner and Todd
(2003) provide evidence that older workers have become less productive relative to younger
workers over the second part of the last century. This trend could induce people to work more
intensively in the �rst part of their productive life, increase savings and retire earlier7.

The article is organized as follows. Some retirement facts are presented in Section 2. The
model is presented in Section 3 and the calibration procedures and data are presented in Section
4. In Section 5 results are presented and discussed; Section 6 concludes.

1.2 Retirement Facts

This section presents the main facts that serve as outputs in our analysis. In particular, we doc-
ument the changes in retirement between 1950 and 2000, the pattern of labor force participation
by health status and by labor productivity, the distribution of applications for Social Security
bene�ts, as well as the pattern of consumption over the life-cycle.

Panel A in Figure 1 presents the retirement pro�le by age for the years 1950 and 2000, which
were constructed using data from the Integrated Public Use Microdata Series (IPUMS) for men
aged 50 and over. The retirement rate is the ratio of the number of men who are retired to the
number of men either in the labor force or retired. To be classi�ed as retired a man must be
completely out of the labor force. Thus, men who are working part-time or part-year are counted
as working and not retired. The retirement rates for each age are computed by observing that:
% retired = (% not in the labor force � % never participating)=(1�% never participating):8

The �gure displays the increase in retirement observed in the second half of the last century.
It can be seen that the share of individuals out of the labor force is signi�cantly larger in 2000
than in 1950, mainly among those aged 60 and over. In 2000, there were very few people still
working at age 75 - less than 10% - but in 1950 approximately 25% of the individuals of that
age were still in the labor market. The main goal of this paper is to understand the causes of
the changes presented in Panel A of Figure 1.

5 In addition, aside from being partial equilibrium models, in Rust and Phelan (2007), individuals are not
allowed to save and, due to data restrictions, French and Jones (2005, 2011) considere a much shorter life-cycle.

6Note, however, that Ferreira and Pessôa (2007) use a representative agent economy and do not include social
security in their model.

7Graebner (1980) argues that in periods of rapid technological innovation, such as the last thirty years, the
elderly tend to become increasingly obsolete due to their slower learning, which would a¤ect their relative income.

8This calculation is similar to that used in Kopecky (2011). Following Rust and Phelan (1997) we considered
any individual who worked less than 300 hours per year to be out of the labor force.
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Figure 1: Individuals out of the labor force (IPUMS, 1950 and 2000), distribution of Social Security
bene�t claims (SSA, 2002).

Panel B in Figure 1, which shows the distribution of Social Security bene�t claims, suggest
that institutional factors are very important in in�uencing retirement behavior. The minimum
age for eligibility for Social Security bene�ts in 2000 was 62, whereas the normal age for re-
tirement bene�ts (without discount) was 65. The latter is also the age at which eligibility for
Medicare starts. There are two peaks in the distribution of applications to social security be-
ne�ts at these ages in 2000, as shown in Figure 2. Fifty-two percent of all applications occur
at age 62, and 18% occur at age 65, twice as large as the number of applications at age 64. In
1950, however, the most common retirement age was 65.9

Table 1, which was constructed using U.S. Census data from 2000, presents evidence that
low earners retire earlier. In the �rst column, we show earnings for individuals who worked at
least 35 hours per week in the previous 12 months, whereas in the other columns we show the
share of agents out of the labor force for di¤erent ages in 2000. It can be seen that labor force
participation increases with earnings. In particular, more than 23% of individuals aged 65 with
earnings up to $25000 in the previous year had already left the labor force in 2000, which is
nearly twice as much as the share of agents with the same age and with earnings from $75000
to $100000.10

Table 1: Individuals Out of the Labor Force by Past Earnings (%) - 2000

Earnings (US$)1 Age
60 61 62 63 64 65

0-25000 13.6 14.0 23.6 20.4 21.2 23.5
25000-50000 7.5 7.2 12.6 11.9 9.2 17.2
50000-75000 6.8 5.1 11.3 8.0 8.5 13.3
75000-100000 3.4 5.3 5.8 4.8 7.2 11.5

1Received by individuals in the past 12 months who worked at least 35 hours per week.

Further evidence on the e¤ect of earnings on retirement can be found in Burkhauser, Couch
and Phillips (1996). These authors use data from the Health and Retirement Survey (HRS) to

9Data on the distribution of Social Security bene�t claims is from the SSA�s Annual Statistical Supplement,
2002
10According to the Census questionnaire, labor force status is determined by asking individuals whether they

worked in the week prior to the interview, which took place in April 1 2000.
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compare those who take Social Security retirement bene�ts at age 62 with those who do not.
They found that those who retired at the minimum age had a median income in 1993 of $31000
and those who postponed retirement had a median income of $41000. They found similar results
when using the 1991 survey.

Although in the present article we do not deal with education, data on retirement by schooling
level can be used as an indirect evidence of retirement by income level, given the strong positive
correlation between income and education. In 2000, 57.4% of male individuals aged 55-64 years
with less than a high education were out of the labor force, but only 27% of those with a college
degree or more were retired. For those aged 65-74 years, the corresponding �gures were 87.5%
and 69%, respectively.

Studies of health status and retirement tend to indicate that those in poor health retire
earlier, although there are complications in this case related to the fact that health status is not
directly observable. For instance, McGarry (2004) found that poor health has a large e¤ect on
labor force attachment: being in fair or poor health is associated with an expected probability
of continued work that is 8.2 percentage points lower than for someone in excellent health. This
result is consistent with the conclusions of many other studies that have used subjective health
measures. Dwyer and Mitchell (1999) - who also used more objective measures - found that the
in�uence of health problems on retirement plans is stronger than that of economic variables.
Moreover, men in poor health are expected to retire one to two years earlier that those in good
health11. Rust and Phelan (1997) founds that unhealthy individuals are roughly twice as likely
as healthy individuals to apply for social security bene�ts at the early retirement age, and French
(2005) estimates that the labor force participation rate of healthy individuals is above that of
unhealthy individuals aged 40 and over. He also founds that healthy individuals work more
hours.

Panel A of Figure 2 presents retirement pro�les by age and health status, using 2000
data from the Health and Retirement Study (HRS). The percentage of individuals who re-
port that they are in fair or poor health ("Poor health"in the �gure) and are retired is uniformly
higher than that of retired individual in good, very good and excellent health ("Good health").
Moreover, almost 90% of all individuals in poor health between 55 and 85 years of age are
retired, compared with only 43% of those in excellent health.

Finally, it is well documented that lifecycle consumption expenditures have a hump shape
with a steep drop after retirement (Banks et al., 1998). Aguiar and Hurst (2005, 2008) show
that the consumption drop at retirement is a fall in expenditures not associated with a fall
in consumption because of the substitution between market goods and home production at
retirement. People earn less income after leaving the labor force but they have more (non-
market) time, so that they can spend more time shopping, preparing meals, etc. In other words,
as the relative price of their time falls, individuals will substitute away from market expenditures
and use more of their time to produce consumption goods. Hence, once one considers home
production, the lifecycle consumption pro�le is much smoother. Panel B of Figure 2 presents
consumption estimates from Aguiar and Hurst (2008).

11Both studies, for methodological reasons, are not subject to "justi�cation bias"(Anderson and Burkhauser
(1985)), which is the fact that estimated health e¤ects using subjective self-assessment of health may be mises-
timated if individuals use health as an excuse to leave the labor force.
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Figure 2: Retirement by health status (HRS, 2000) and Consumption Pro�le (Aguiar and Hurst, 2008)

1.3 The model

1.3.1 Demography

The economy is populated by a continuum of mass one agents who may live at most T peri-
ods. There is uncertainty regarding the time of death in every period so that everyone faces a
probability  t+1 of surviving to the age t + 1 conditional on being alive at age t: This lifespan
uncertainty entails that a fraction of the population leaves accidental bequests, which, for sim-
plicity, are assumed to be distributed to all surviving individuals in a lump-sum basis. The
age pro�le of the population, denoted by f�tgTt=1 ; is modeled by assuming that the fraction of
agents at age t in the population is given by the following law of motion �t =

 t
(1+gn)

�t�1 and

satis�es
TP
t=1
�t = 1; where gn denotes the population growth rate.

Individuals in our economy also face uncertainty with respect to their health status, which
is denoted by a binary variable hs that assumes a value of 1 if an agent is in good health and
0 otherwise. They know hs at the beginning of each period, but future health outcomes are
uncertain. Indeed, an individuals�health status is assumed to evolve over time according to
a �rst-order Markov process with transition probability matrices �t = [�t(hst; hst+1)], where
�t(hst; hst+1) = Pr(hst+1jhst):

1.3.2 Preferences

In each period of life, individuals are endowed with one unit of time, which can be split among
leisure, time spent in the labor market, lw;t; and time spent in home production, lh;t. Individuals
enjoy utility over consumption,

�
c t; and leisure, 1 � lw;t � lh;t; and maximize the discounted

expected utility throughout life:

E

"
TX
t=1

�t�1

 
tY

k=1

 k

!
u
��
c t; 1� lw;t � lh;t

�#
(1.1)

where � is the intertemporal discount factor and E is the expectation operator. The period
utility is assumed to take the form of a standard Cobb-Douglas utility function:
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u
��
c t; 1� lw;t � lh;t

�
=

h�
c
�

t (1� lw;t � lh;t)1��
i1�

1�  (1.2)

where � denotes the share of consumption in the utility and  determines the risk aversion
parameter.12

Following Becker (1965), home production in our model is such that the consumption that
individuals care about,

�
c t; is an aggregation of market purchased goods, ct; and time spent in

home production, where the aggregator is given by a CES function parameterized as follows:

�
c t =

h
&c�t + (1� &)l

�
h;t

i 1
�

(1.3)

We allow for preference heterogeneity in time devoted to work at constant consumption
and wage levels. In particular, we follow Kaplan (2011) and assume that � = 1

1+��{hs ; where �

follows a log-normal distribution with mean
_
� and variance �2� :

13 The shock � is realized at birth
and retained throughout live. This additional source of heterogeneity is intended to take into
account variations in work hours that are independent from the variations observed in wages,
which may be important for the study of retirement since it allows individuals with similar
earnings and shocks history to exhibit di¤erent patterns of retirement behavior.

Note that individuals�health status a¤ects preference for leisure. Indeed, it says that, on
average, healthy agents (i.e., hs = 1) have stronger preference for work than do unhealthy ones
(i.e., hs = 0): This relationship between the health condition of individuals and their willingness
to work is useful to allow the model to replicate the di¤erence in the pattern of hours worked
observed in the data between healthy and unhealthy agents.

1.3.3 Individuals�problem

Budget Constraint

In our model economy, individuals make decisions about labor supply and asset accumulation.
Because labor is endogenous, employment status is de�ned in terms of how many hours an
individual works. In particular, individuals are considered to be participating in the labor force
at age t if they supply at least 5% of their time endowment to the labor market and as not
working or out of the labor force if they spend less than 5% of their time endowment in the
market.14 In addition, as they reach the age of Tr and older, they may decide whether to apply
for retirement bene�ts. Thus, the age Tr is the earliest age at which a worker can start collecting
social security bene�ts in our model.

Individuals�labor productivity is determined by an age-e¢ ciency index denoted by e(zt; �t) =
exp(zt + �t); in which �t is a deterministic experience pro�le for the mean of earnings, and zt
is a random component, which evolves according to an AR(1) process given by zt = 'zzt�1 + "t
with innovations "t � N(0; �2"); and thus accounts for the persistence in lifecycle earnings. Labor
productivity shocks are independent across agents and, as a consequence, there is no uncertainty
over the aggregate labor endowment even though there is uncertainty at the individual level.

All workers in this economy pay labor income taxes (�w; � ss), where the revenue from � ss
is used to �nance the bene�t payments to the retirees, and �w �nances overall government
expenditures not related to the social security system. Given that there is a maximum bene�t
that a retired agent may receive, we consider an upper limit ymax on the taxable income, following

12The coe¢ cient of relative risk aversion with this utility speci�cation is given by: �cucc=uc = �+ 1� �:
13Kaplan (2011), however, does not take into account health shocks.
14Considering one model period as one year, the threshold of 5% is equivalent to 300 hours a year, assuming

an actual time endowment of 6000 hours (24 hours a day times 5 days a week times 50 weeks a year). This
speci�cation is consistent with other papers in the literature (see, for example, Rust and Phelan, 1997).
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the Social Security legislation. Thus, after-tax labor income for an individual who supplies labor
lw;t is given by:

yt = (1� �w)wlw;te(zt; �t)� � ssmin fwlw;te(zt; �t); ymaxg+ # (1.4)

where # is an exogenous lump-sum transfer component that captures the progressivity of the
tax system.

Individuals incur medical expenses during each period, which are treated as necessary con-
sumption that generates no utility but must be paid. Such expenses amount to out-of-pocket
costs and insurance premiums. Following Hubbard et al. (1995) and French and Jones (2011),
we model health costs as an exogenous drop in individuals� resources. Empirical evidence in
French and Jones (2004) shows that the cost of medical care increases with age and is correlated
with individuals�health status. In addition, they �nd that it exhibits high persistence over time
and is very volatile as well. Based on this evidence, we model healthcare costs as:

met = q(t; hst; �t; ut) (1.5)

where (�t; ut) accounts for the idiosyncratic component of the medical expenses uncertainty, in
which �t follows an AR(1) process given by �t = '��t�1+�t with �t � N(0; �2�) and ut � N(0; �2u)
denotes the transitory component.

Individuals can resort to self-insurance to protect themselves against the uncertainty on labor
income and medical expenses. Indeed, besides choosing the amount of time to supply to the
labor market, they can trade an asset subject to an exogenous lower bound on asset holdings.
We assume that this asset, which is denoted by at; takes the form of capital. Thus, savings
may be precautionary and allow partial insurance against idiosyncratic shocks. Agents are not
allowed to incur debt at any age, so that the amount of assets carried over from age t to t+1 is
such that at+1 � 0: Furthermore, given that there is no altruistic bequest motive and death is
certain at age T + 1; agents who survive until age T consume all their available resources, that
is, aT+1 = 0:

We allow individuals who have left the labor force to return to work if they want to do so.
Thus, we depart from the standard labor force participation model that treats retirement as an
absorbing state. This is consistent with empirical evidence showing that a non-trivial share of
retirees, mainly the early ones, end up reentering the labor force following retirement.15 The
importance of departing from the absorbing state assumption lies in the fact that it may lead
the model to understate the expected value of retirement, as some retirees would be better o¤
if they were allowed to go back to work.

As already said, individuals aged Tr and over are allowed to apply for social security bene�ts.
Let b(tr; x) = q(tr)b

n(x) denote these bene�ts, where tr is the age at which the application takes
place and x is the average lifetime earnings, which is calculated by taking into account individual
earnings up to age Tr. We specify the following law of motion for x:

xt+1 =
xt(t� 1) + min fwlw;te(zt; �t); ymaxg

t
; t = 1; :::; Tr (1.6)

The function bn(x) is the bene�t that agents are entitled to at the normal retirement age. It
is a piecewise linear function, which is speci�ed in accordance with the rules of the U.S. social
security system:

bn(x) =

8<:
�1x if x � y1
�1y1 + �2(x� y1) if y1 < x � y2
�1y1 + �2(y2 � y1) + �3(x� y2) if y2 < x � ymax

(1.7)

15Ruhm (1990) shows that about 25% of workers reenter the labor force following retirement. Nearly 70% of
these movements, which take place mostly before age 65, are into partial retirement, rather than full labor force
participation.
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where 0 � �3 < �2 < �1 and (y1; y2; y3) are the bend points of the function.
Thus, up to an average earning level of y1; individuals are entitled to �1x, so that �1 corres-

ponds to the retirement replacement rate in this case. If the average past earnings are greater
than y1 but smaller than y2; they will earn �1y1+ �2(x� y1); and �nally if the past earnings are
greater than y2 but below ymax, bene�ts will be given by �1y1 + �2(y2 � y1) + �3(x� y2):

The function q(tr) captures how the retirement bene�ts are reduced or increased as indi-
viduals start receiving them before or after the normal retirement age, Tnr . In particular, we
have that:

q(tr) =

(
1 + ger(tr � Tnr ) if tr 2 [Tr; Tnr ]
(1 + gdc)

(tr�Tn) if tr 2 (Tnr ;
_
T r]

(1.8)

Thus, for each year that agents anticipate their bene�ts, they will face a linear reduction
in their entitlements by a rate of ger: In contrast, bene�ts will be increased by a rate of gdc
for each year individuals postpone their receipt of social security bene�ts after reaching the full
retirement age, Tnr . However, this increase no longer applies when they reach age

_
T r > Tnr ; even

if they continue delaying retirement.
We allow individuals to apply for social security bene�ts and continue to work, but those

that choose to do so may face the retirement earnings test. Considering that the function of the
social security bene�ts is to partially replace lost earnings, the retirement earnings test aims to
prevent workers with relatively high earnings from receiving the bene�ts. The test withholds
one dollar in bene�ts for each $2 of annual earnings above an exempt amount for individuals
aged tr 2 [Tr; Tnr ) and $3 for those aged tr 2 (Tnr ;

_
T r]. Formally, the earnings test can be written

as follows:

RETt =

(
b(tr; x)� max(yt�yret;Tr ;0)

2 for tr 2 [Tr; Tnr )
b(tr; x)� max(yt�yret;Tn ;0)

3 for tr 2 (Tnr ;
_
T r]

(1.9)

where yret;Tr and yret;Tn are the threshold above which the test applies.
Additionally, in our model economy government provides individuals a minimum consump-

tion, c
�
after medical expenses are paid. We assume that transfers, tra, are conditional on

individuals�available resources. In particular, following Hubbard et al. (1995), we specify:

trat = maxfc
�
+met � [1 + r(1� �k)]at � yt � ��RETtdss;t; 0g (1.10)

where � is the lump-sum transfers due to accidental bequests and dss;t = 1 if the individual has
applied for social security bene�ts, dss;t = 0 otherwise.

This equation implies that government transfers �ll the gap between an individual�s �liquid
resources�- which may include not only their wealth and labor income, but also other government
transfers such as social security bene�ts - and the consumption �oor. Thus, individuals can
always consume at least c

�
, even when their disposable resources fall short of covering their

out-of-pocket medical expenses. The equation (1:10) is intended to be a model counterpart for
means-tested programs such as Food Stamp, AFDC, Section 8 housing assistance, Medicaid and
SSI.

Given all the considerations above, budget constraint facing an individual in our model
economy is:

at+1 = [1 + r(1� �k)]at + yt + �+ trat +RETtdss;t �met � (1 + � c)ct (1.11)

Recursive formulation of individuals problem

Let Vw;t(st) denote the value function of an t year old agent, where st = (at; �; zt; �t; ut; xt; hst) 2
S is the individual state space, and let V tr

ss;t(st) for t = Tr; :::; T denote the value function of an
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individual aged t who has applied for social security bene�ts at age tr: In addition, considering
that agents die for sure at age T and that there is no altruistic link across generations, we have
that VT+1(sT+1) = 0. Thus, the choice problem of individuals aged t = 1; :::; Tr � 2 can be
recursively represented as follows:16

Vw;t(s) = Max
lw;lh;a0�0

:

"
u(
�
c; 1� lw � lh) + � t+1

X
hs0

�t(hs; hs
0)EVw;t+1(s

0)

#
(1.12)

subject to (1:11) and (1:6), where s0 = (a0; �; z0; �0; u0; x0; hs0):
Whereas the problem of individuals aged t = Tr � 1; :::; T can be written as:

Vw;t(s) = Max
lw;lh;a0�0

:

"
u(
�
c; 1� lw � lh) + � t+1

X
hs0

�t(hs; hs
0)EmaxfVw;t+1(s0); V t+1

ss;t+1(s
0)g
#

(1.13)
where V tr

ss;t(s) is given by:

V tr
ss;t(s) = Max

lw;lh;a0�0
:

"
u(
�
c; 1� lw � lh) + � t+1

X
hs0

�t(hs; hs
0)EV tr

ss;t+1(s
0)

#
(1.14)

subject to (1:11), where s0 = (a0; �; z0; �0; u0; x; hs0):
Solving the dynamic programs in (1:12); (1:13) and (1:14); we obtain decision rules for the

time spent in the labor market and the time spent in home production dlw;t , dlh;t : S ! [0; 1],
asset holdings da;t : S ! R+, consumption dc;t : S ! R++; and for the decision of applying for
Social Security retirement bene�ts, dss;t : S ! f0; 1g: Note, however, that individuals may only
apply for bene�ts at age t � Tr: Additionally, once they apply, they are not allowed to forsake
the bene�ts, which means that if dss;t�1 = 1; then dss;t = 1:

1.3.4 Government

In our economy, the government manages a social security system, wherein the pension bene�ts
to pensioners are �nanced through an exogenous tax � ss. The amount of bene�t received by
each retired agent depends on his or her individual average lifetime earnings through a con-
cave, piecewise linear function, which was presented above. Additionally, the government levies
proportional taxes on consumption, � c, labor income, �w; and capital income, �k; to �nance
an exogenous stream of expenditures, G, government transfer and the servicing and repayment
of its debt, D. We allow � c to adjust to ensure that government budget constraint is satis�ed
at equilibrium. Finally, we assume that the government collects the accidental bequests and
transfers it to all agents in the economy on a lump-sum basis.

1.3.5 Technology

The technology in this economy is given by a Cobb-Douglas production function with constant
returns to scale, which is speci�ed by Y = K�N1�� where � 2 (0; 1) is the output share of
capital income, and Y , K and N denote aggregate output, capital and labor respectively. This
technology is managed by a representative �rm, which behaves competitively in the sense that
it picks capital and labor to maximize its pro�t, taking prices as given. Thus, the problem of
the representative �rm can be written as follows:

� =Max
K;N

: K�N1�� � wN � (r + �)K (1.15)

where � is the depreciation rate of capital.

16To simplify the notation, we have suppressed the subscript for age from both the state and control variables.
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Thus, the �rst-order conditions of the �rm�s maximization problem are:

r = �

�
K

N

���1
� � (1.16)

w = (1� �)
�
K

N

��
(1.17)

1.3.6 Equilibrium

At each point of time, agents are heterogeneous in regard to age t and to state s 2 S. The agents�
distribution at age t among the states s is described by a measure of probability �t de�ned on
subsets of the state space S: Let (S;
(S); �t) be a space of probability, where 
(S) is the Borel
��algebra on S: Thus, for each ! � 
(S); �t(!) denotes the fraction of agents aged t that are
in !: The transition from age t to age t + 1 is governed by the transition function Qt(s; !);
which depends on the decision rules and on the exogenous stochastic process for (z; �; u; hs):
The function Qt(s; !) gives the probability of an agent at age t and state s to transit to the set
! at age t+ 1.

De�nition 1 Given the policy parameters, a recursive competitive equilibrium for this economy
is a collection of value functions fVw;t(s); V tr

ss;t(s)g; policy functions for individual asset holdings
da;t(s); for consumption dc;t(s) for labor supply at the market dlw;t(s) and at home dlh;t(s),
Social Security bene�t claiming decisions dss;t(s), prices fw; rg, age dependent but time-invariant
measures of agents �t(s); transfers � and a tax on consumption � c such that:

1) fda;t(s); dlw;t(s); dlh;t(s); dc;t(s); dss;t(s)g solve the dynamic problems in (1:12); (1:13) and
(1:14);

2) The individual and aggregate behaviors are consistent, that is:

K =

TX
t=1

�t

Z
S

da;t(s)d�t �D

N =

TX
t=1

�t

Z
S

dlw;t(s)e(zt; �t)d�t

3) fw; rg are such that they satisfy the optimum conditions (2:9) and (3:10);
4) The �nal good market clears:

TX
t=1

�t

Z
S

fdc;t(s) + [da;t(s)� (1� �)da;t�1(s)]gd�t = K�N1��

5) Given the decision rules, �t(!) satis�es the following law of motion:

�t+1(!) = �t(hst; hst+1)

Z
S

Qt(s; !)d�t 8! � 
(S)

6) The distribution of accidental bequests is given by:

� =
TX
t=1

�t

Z
S

(1�  t+1)da;t(s)d�t
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7) � c is such that it balances the government�s budget:

� c =

G+ SSB +
TP
t=1
�t

Z
S

trat(s)d�t + rD � �krK � �wwN

C

where SSB is the social security balance and C denotes the aggregate consumption.

1.4 Data and calibration

In this section we describe the data used to calculate the model and the calibration procedures17.
Initially, the model is calibrated by taking into account 2000 data, which is set as a benchmark.
Afterwards, we introduce into the model the changes observed in the economic environment
between 1950 and 2000 and investigate whether our model can replicate some stylized facts
regarding retirement behavior. Finally, we isolate the e¤ect of Social Security, of the aging
population, of Medicare and of the individuals�productivity pro�le and investigate the relative
importance of each of these factors to the changes in retirement behavior during the period.

1.4.1 Demography

The population age pro�le f�tgTt=1 depends on the population growth rate gn, the survival
probabilities  t and the maximum age T that an agent can live. In this economy, a period
corresponds to one year and an agent can live 81 years, so T = 81: Additionally, we assumed
that an individual is born at age 20, so that the real maximum age is 100 years.

Given the survival probabilities, the population growth rate in 1950 and 2000 is chosen so
that the age distribution in the model replicates the dependency ratio observed in the data.
Thus, we set gn = 0:0125 for 1950 and gn = 0:0105 for 2000. These values generate dependency
ratios of 12.13% and 17.27%, respectively. By modeling the age-population distribution in such
a way that it replicates the dependency ratio in data, we can capture the large increase in
the number of individuals eligible for social security retirement bene�ts over the period under
study.18

Data on survival probability by age and by health status were extracted from Bell and Miller
(2005) and French (2005). As Panel A of Figure 3 suggests, life expectancy has increased from
1950 to 2000, as the survival probability pro�le shifted up and to the right during this period.
For example, conditional on being alive at age 20, the expected life span was 69 years in 1950
for an individual in good health condition, whereas this same agent was expected to live until
nearly 75 years of age in 2000. Likewise, the longevity of a healthy individual aged 50 rose from
72 to approximately 78 years during the same period.

17The standard calibration procedure of overlapping generations models can be found in Auerbach and Kotliko¤
(1987), which we follow here.
18The number of individuals eligible for social security bene�ts has also increased because of amendments to

the social security regulations. For example, in 1954 agricultural workers, farm and domestic workers were added.
For simplicity, in this paper we focus on the changes in the age-population distribution.
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Figure 3: Survival and Good Health Probabilities

The transition probability matrices �t = [�t(hst; hst+1)] were constructed using estimates
from French (2005) for the probability of having good health in t+ 1 conditional on the health
status in t. Panel B of Figure 3 shows such probabilities for both cases: poor and good health
in period t. As one should expect, the probability of being healthy tomorrow decreases with
age and is far higher for healthy agents than it is for individuals with poor health today, which
suggests high persistence of health shocks over the lifecycle.

1.4.2 Preferences and technology

Values of the preference parameters (�; ;
_
�; �2� ;{) are summarized in Table 2: The intertemporal

discount rate, �; was set to 1:On a yearly basis, this value is consistent with a capital�output
ratio of 3.09. The parameters of the stochastic process of shocks on the preference for leisure
(
_
�; �2�) are from Kaplan (2011) and we set  = 3. For Cobb-Douglas preferences, the coe¢ cient
of relative risk aversion is given by 1 � � + � and the Frisch elasticity for leisure is given by
1��+�

 : For an individual with � =
_
� , the values reported in Table 2 entail a value of 1:77 for

the coe¢ cient of relative risk aversion and of 0:59 for the Frisch Elasticity for leisure. These
values are consistent with the empirical evidence in Auerbach and Kotliko¤ (1987), Rust and
Phelan (1997) and Domeij and Flodén (2006).

The parameter { is calibrated so that the model replicates the di¤erence in the pattern of
hours worked between healthy and unhealthy individuals over the lifecycle. French (2005) shows
that at any point in the life cycle, the e¤ect of health on working hours is sizeable, ranging from
10% to 20%. With a value for { of 0.20, the model yields that individuals with poor health
work, on average, 13% than do those with good health. Figure 4 shows the average hours worked
among healthy and unhealthy agents for the benchmark case.

Table 2: Preferences and Technological Parameters

� 
_
� �2� { � � c

�
& �

1.0 3.0 1.60 0.25 0.20 0.36 0.054 0.056 0.7 0.55

In representative agent models, given the capital income share and the depreciation rate,
there is a one-to-one relationship between the parameter � and the fraction of time that individu-
als spend working in the stationary state. In overlapping generation models with heterogeneous
agents, however, this relationship is more complicated. In this case, the usual procedure used to
choose � is such that the average fraction of time that individuals spend working is consistent
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with the empirical evidence, which suggests a value of approximately 30%.19 In our model eco-
nomy, because � = 1

1+��{hs ; average hours worked is governed by
_
� and, given a value of 1:60

for
_
�; individuals devote 28.5% of their time to the labor market under the baseline calibration.
The parameter �, which governs the elasticity of substitution between market goods and

time spent in home production, is set to 0.55. This value is consistent with the estimates in
Aguiar and Hurst (2007) who report a range of 0.50-0.60 for �. Given � = 0:55; the parameter
& is then calibrated so that the average time spent in home production in the model economy
matches its counterpart in the data, which is nearly 10% of the time endowment according to
the American Time Use Survey (ATUS).

The consumption �oor, c
�
; which is the model counterpart for means-tested programs such

as Food Stamp, AFDC, Section 8 housing assistance, Medicaid and SSI, is set to 17% of the
average income of the benchmark economy. This value corresponds to nearly $6220 (in 2000
dollars) and is within the range of values found in the literature. Indeed, Hubbard et al. (1995)
estimate a value of $7000 for c

�
; which, in 2000 dollars, corresponded to nearly 19% of the average

income in the US economy. Using a similar procedure, French and Jones (2011) �nd a value of
$4380, which is nearly 12% of the average income in 2000.
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Figure 4: Average hours worked by health status - Model 2000

The values of technological parameters (�; �) are also summarized in Table 2. We chose a
value for � based on U.S. time series data from the National Income and Product Accounts
(NIPA). The depreciation rate, in turn, is obtained by � = I=Y

K=Y � g: We set the investment-
product ratio I=Y equal to 0:25 and the capital-product ratio K=Y equal to 3.09. The economic
growth rate, g; is constant and consistent with the average growth rate of GDP over the second
half of the last century. Based on data from Penn-World Table, we set g equal to 2:7%, which
yields a depreciation rate of 5:4%.

1.4.3 Individual labor productivity

Each agent in this economy is endowed with an individual productivity level e(zt; �t). Following
Huggett and Ventura (1999), we specify e(zt; �t) = exp(zt + �t); where �t denotes the age-
e¢ ciency pro�le and zt denotes the persistent shocks on earnings, with the underline stochastic
process being characterized by the parameters ('z; �

2
"). Several authors have estimated sim-

ilar stochastic processes for labor productivity.20 Controlling for the presence of measurement
19See, for instance, Juster and Sta¤ord (1991).
20A revision of this literature can be found in Atkinson et. al. (1992).
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errors and/or e¤ects of some observable characteristics such as education and age, the literat-
ure provides a range of [0:88; 0:96] for 'z and of [0:10; 0:25] for �". In this article, we follow
the estimates of Floden and Lindé (2001) and set 'z and �

2
" to be equal to 0:91 and 0:016;

respectively.
The values for �t are constructed similarly to Huggett (1996) and MacGrattan and Rogerson

(2007). We use annual earnings and annual hours worked for the age groups 15-24, 25-34,...,
75-84 from IPUMS (U.S. Department of Commerce, Bureau of the Census 1950-2005). First,
we construct hourly wages by dividing annual earnings by annual hours for each age group.
Afterwards, we use a second order polynomial to interpolate the points to obtain the age-
e¢ ciency pro�le by exact age. We then truncate the polynomial to zero when it goes below zero
which occurs at age 91 for 2000 and age 92 for 1950. Figure 5 shows the pro�les for 1950 and
2000 that are used in the calculations. The pro�les shown in the �gure are consistent with the
empirical evidence provided by Heckman et. al. (2003) that shows that the e¢ ciency indexes
for older workers are smaller in 1990 than in 1950.21
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Figure 5: Age-e¢ ciency pro�le

This fall in the relative productivity of older workers can be explained by technological pro-
gress. As shown in Sala-i-Martin (1996), changes in the technology of production have lowered
the productivity of older workers thereby leading employers to replace them. Similarly, Graeb-
ner(1980) maintains that technological change leads to retirement because elderly individuals
learn slower, making them obsolete in periods of faster innovation. 22

1.4.4 Medical expenses and Medicare

The out of pocket medical expenses function, q(t; hst; �t; ut); is parameterized as follows:

q(t; hst; �t; ut) = �(t; hst) exp(�t + ut) (1.18)

where the function �(t; hst) captures the e¤ect of age and health on healthcare costs.
The parameters ('�; �

2
�; �

2
u) that characterize the idiosyncratic component of medical ex-

penses uncertainty are taken from French and Jones (2004). Table 3 reports the values of these
parameters: As shown in the Table, the estimates from French and Jones reveal that not only

21See also Ferreira and Pessoa (2007). We have not used the age-e¢ ciency pro�les estimated by Heckman et.
al. (2003) because they do not provide estimates for 2000.
22Blondal and Scarpetta (1999) also argue that the labor market for the elderly has worsened because of

technology changes.
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are the shocks on medical expenses very persistent, but they are also quite volatile, with nearly
50% of the cross-sectional variance in spending being generated by transitory shocks.

Table 3: Parameters

'� �2� �2u
0.922 0.05 0.50

We construct the age-health medical expenditures pro�le, �(t; hst); for the benchmark eco-
nomy using the per person healthcare cost estimates by age reported in Meara et al. (2004).
Based on data from �ve national household surveys they estimate per person spending for 2000
and for the following age groups: 5-14,15-24, 25-34,...,75+.23 We use a second order polynomial
equation to interpolate these points to obtain the age pro�le by exact age. The interpolated
pro�le is displayed in Figure 6. Finally, we normalize the pro�le by dividing it by the average
annual wage, which, according to the Social Security Bulletin (2001), was $36,564.
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Figure 6: Medical expenses by age (US$) - 2000

We model the e¤ect of Medicare on retirement by investigating how it has changed the
out of pocket medical spending function (1:18): Finkelstein and McKnight (2008) identify the
e¤ect of Medicare on healthcare expenditures by comparing changes in spending for individuals
over age 65 to changes in spending for individuals under age 65 between 1963 and 1970. To
increase the plausibility of the identifying assumption that, absent Medicare, changes in various
types of spending for individuals above and below age 65 would have been the same, they focus
primarily on changes in spending for the �young elderly� (ages 65 to 74) relative to spending
for the �near elderly� (ages 55 to 64). The authors �nd that the introduction of Medicare is
associated with a decline of 25% in the mean and of 16% in the standard deviation of out-
of-pocket medical spending. In our context, these �ndings mean that, without Medicare, the
out-of-pocket spending function (1:18) is shifted up for individuals aged 65 and over according
to

�
met = f1met+ f2; where the parameters f1 and f2 are calibrated in such a way that the new

mean and variance of the distribution of healthcare costs capture the removal of Medicare.

1.4.5 Social Security and Taxation

The social security system in our economy is modeled so that it takes into consideration the
main characteristics of the U.S. Social Security System. In 1950, the earliest age at which a

23The 1963 and 1970 Surveys of Health Services Utilization and Expenditures; National Medical Care Utilization
and Expenditure Survey; the National Medical Expenditure Survey; and the Medical Expenditure Panel Survey.
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person could receive Social Security retirement bene�ts was 65 so we set Tr = 46: After 1961,
however, age 62 was adopted as an early retirement age, with reduced bene�ts. In our context,
this point implies that Tr = 43 for 2000. The normal retirement age is the age at which a person
may �rst become entitled to unreduced retirement bene�ts. This age was 65 in 1950 and in
2000, so we have that Tnr = 46 for both years.

24

In the United States the old-age bene�t payable to the worker upon retirement at full retire-
ment age is called the primary insurance amount (PIA). The PIA is derived from the worker�s
annual taxable earnings, averaged over a period that encompasses most of the worker�s adult
years. Until the late 1970s, the average monthly wage (AMW) was the earnings measure gen-
erally used. For workers �rst eligible for bene�ts after 1978, average indexed monthly earnings
(AIME) have replaced the AMW as the usually applicable earnings measure. In our context,
both AMW and AIME are given by (1.6).

The complete parameterization of the bene�ts function requires the speci�cation of values
for the parameters f�1; �2; �3; y1; y2; ymaxg: The values used for each one of those parameters
are presented in Table 4. The parameters (y1; y2) correspond to the bend points applied in the
formula of calculation of the PIA, whereas (�1; �2; �3) determine the replacement rate applied in
each one of the intervals de�ned by the bend points. For 1950, we use the bend points applied to
calculate the PIA from creditable earnings after 1936 according to the Social Security Bulletin
(2001). In this case, the PIA corresponds to 40% of the �rst $50 of AMW plus 10% of the next
$200 of AMW. We multiply these values by 12, adapting to the annual base of the model and
then normalize the result dividing it by the average annual wage.

Table 4: Bene�t Function Parameters

y1 y2 ymax �1 �2 �3
1950 0.23 - 1.13 0.40 - 0.10
2000 0.19 1.17 2.34 0.90 0.32 0.15

We follow a similar procedure for 2000. The values in this case correspond to those applied
in the calculation of the PIA for workers who were �rst eligible in 1979 or later according to
Social Security Bulletin (2001). In 2000, the PIA equaled 90% of �rst $531 of AIME, 32% of
next $2671 and 15% of AIME over $3202. We again divide these values by the average annual
wage.25

If individuals retire between 62 and 65 years old, their bene�ts are reduced by a formula that
takes into account the remaining time to reach the normal retirement age. Thus, according to
the Social Security Supplement (2001), if individuals retire at age 62, 63 or 64 they will receive
80%; 86:7% and 93:3% of the full retirement bene�t, respectively. Thus, we set ger = 0:067:
Conversely, social security bene�ts are increased by a given percentage if individuals delay their
retirement beyond the normal retirement age. This delayed retirement credit was instituted in
1972 to provide a bonus to compensate for each year past age 65 that a person delays receiving
bene�ts, until age 70. Hence, gdc is equal to zero in our economy in 1950. For 2000, we set gd
equal to 0:04; which is the delayed retirement credit for those born in 1929-1930:

Figure 7 plots the bene�t function obtained for 1950 and 2000. The horizontal axis corres-
ponds to the average past earnings, x; and the vertical axis corresponds to the bene�t. Note
that we have normalized the average past earnings to the average labor income, ym. Thus, for
example, if an individual has x equal to ym; his bene�t would be equal to 17% of the corres-
ponding ym in 1950, whereas in 2000 it would be 42% of that value. It is immediately apparent
from Figure 7 that bene�ts have become much more generous between 1950 and 2000.

24The normal retirement age will increase gradually to 67 for persons reaching that age in 2027 or later,
beginning with an increase to 65 years and two months for persons reaching age 65 in 2003.
25According to the Social Security Bulletin (2001), the average annual wage was $36,564 in 2000 and was $2,654

in 1950.
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Remember that ymax corresponds to the level of earnings above which earnings in Social Se-
curity covered employment is neither taxable nor creditable for bene�t computation purposes. In
1950, the maximum taxable annual earning was $3000, whereas in 2000 it was $76200. We, then,
divided these values by the average annual wage for both years to obtain ymax = f1:13; 2:34g;
respectively.

Remember also that the parameter � ss denotes the contribution from workers to the Social
Security system. In 1950, American workers covered by the social security system contributed
3.0% of their wages to Old-Age and Survivors Insurance (OASI), which pays monthly cash
bene�ts to retired worker (old-age) bene�ciaries, whereas in 2000 that contribution was 10.6%.
Thus, we set � ss = 0:03 for 1950 and � ss = 0:106 for 2000.26
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Figure 7: Bene�ts by multiples of average labor income

The amount exempted of the retirement earnings test for individuals aged 62-64 was $10,080
in 2000, whereas it was $17,000 for individuals aged 65-70. These values correspond, respectively,
to 27% and 46% of the average wages in 2000. Thus, we set yret;Tr and yret;Tn to be 0:27ym
and 0:46ym; respectively. We assume that there is no retirement earnings test for the 1950
economy.27

Finally, we specify the others parameters related to government activity. First, we set gov-
ernment consumption, G, to 18% of the output of the economy under the baseline calibration,
whereas the ratio of federal debt held by the public to GDP is set at 40%. We assume a labor
income tax rate of 14% and a capital income tax rate of 27%. The consumption tax is determ-
ined in such a way that the government budget balances in equilibrium, which implies a tax rate
equal to 12% in the benchmark economy. These values are consistent with others retirement
papers that also take into account a more general tax system (see, for example, Fuster el at.,
2007). To calibrate the size of the lump sum transfer, #, we target the ratio of the Gini coe¢ -
cient of after-tax earnings to the Gini coe¢ cient of pre-tax earnings in the U.S.. According to
Heathcote el at. (2010), this ratio was nearly 0.92, which yields a value of 0.045 for #:

26These values come from the Social Security Bulletin (2001) and are the combined employee-employer tax for
Old Age Social Security tax (OASI).
27This assumption is for simplicity. In fact, in 1950, the RET was applied in a monthly basis, which makes it

di¢ cult to model in our context as we set one period as one year. This assumption is likely to have small impact
on our results because fewer than 5% of bene�ciaries were a¤ected by the test, according to the SSA�s Annual
Statistical Supplement, 2000.
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1.5 Results

1.5.1 Benchmark Economy

The retirement rate by age in the model is given by the measure of agents at age t; �t; who are
out of the labor force. Panel A of Figure 8 presents the retirement rate generated by the model
for the benchmark case and the retirement pro�le observed in the U.S. economy in 2000. The
model is able to reproduce very closely the retirement pro�le by age in 2000. In particular, it
captures the jump in retirement at ages 62 and 65 and the relatively large number of individuals
leaving the labor force before they reach the minimum eligible age for early bene�ts. Note that,
in both the data and the simulation, almost 15% of the 55-year-old individuals were out of the
labor force in 2000.
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Figure 8: Model-data comparison for the benchmark economy - 2000

Our model is also able to reproduce very closely the pattern of applications for Social Security
bene�ts. From Panel B of Figure 8 one can see that almost 48% of the total applications in
the model economy occur at age 62, while the corresponding �gure in the data is 52%. Market
incompleteness and the role of insurance played by Social Security bene�ts are very important
to explain the high rate of claims at age 62. The peak in applications that takes place at age
65, in turn, is associated with the eligibility for full retirement bene�ts. In this case, the model
yields a rate of 13.9%, while the actual value is 18%.

Figure 9 presents the retirement pro�le for the bottom and top 2.2% of the hourly earnings
distribution, Panel A, and the retirement pro�le by health status, Panel B. The main message
is that low earners and unhealthy individuals are much more likely to retire earlier than are
their counterparts. As a matter of fact, for every age group, the retirement rate for individuals
with low earnings is above that of the individuals with high earnings, as Panel A shows, which
is consistent with the evidence in Table 1. According to the simulations, at age 62, nearly 90%
of the individuals in the bottom of the distribution are out of the labor force, whereas 11% of
the top 2.2% earners at the same age left the labor force.28

28Note that hourly earnings in our model are given by we(zt; �t): Thus, the distribution of hourly earnings at
a given age is determined by the conditional distribution of the persistent productivity shock zt:
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Figure 9: Retirement by Hourly Earnings and by Health Status (%) - Model 2000

Likewise, up until the age of 75, the retirement pro�le of the unhealthy is always above that
of the healthy individuals. Note also the steep jump in the retirement of the unhealthy at age 62,
which is the minimum age for receiving Social Security bene�ts. These results are consistent with
the empirical evidence in Section 2 and in Rust and Phelan (1997), which shows that individuals
in poor health are roughly twice as likely to start collecting bene�ts at 62 rather than at age
65. This di¤erence exists because Social Security bene�ts provide a type of insurance against
idiosyncratic shocks. Thus, in the presence of market incompleteness, which limits individuals�
ability to protect themselves against those shocks, lower income and unhealthy agents have a
high incentive to apply for bene�ts as soon as they become eligible to secure a stream of income
when it is needed. Additionally, given that the retirement replacement rate is decreasing with
respect to the average past earnings, low income agents may �nd attractive to claim bene�ts
earlier than the normal age even after considering the penalty for early applications.

Figure 10 displays the average pro�les of consumption and market expenditures generated
by the model for the benchmark case. According to evidence from Hurd (1990), among many,
there is a drop in consumption expenditures at the time of retirement. Our model, due mostly
to the hypothesis of death risk (e.g., Davies, 1981) and intratemporally non-separable utility
(Attanasio and Weber, 1993), is able to replicate this fact. However, the consumption pro�le that
also includes home goods is much smoother, reproducing evidence in Aguiar and Hurst (2005).
From Panel B we see why. At the same time that the average hours in the market fall because
individuals are leaving the labor force, average non-market hours increase. This phenomenon
occurs because, as noted in Section 2, as the relative price of their time falls, individuals will
substitute away from market expenditures and use more of their time to produce consumption
goods at home.
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Figure 10: Average consumption and the allocation of time over the life-cycle - Model 2000. In Panel
A), "Consumption"corresponds to

�
c t; which includes time spent in home production, while we call

"Market Expenditures"the variable ct:

Finally, the second column of Table 5 shows some descriptive statistics for the benchmark
economy. The table also shows values around which these statistics are found in the related
literature. In terms of the distribution of labor earnings, wealth and consumption, the model
economy is successful in approximating recent estimates for the U.S.. Burkhausera el at. (2004)
report that the earnings Gini coe¢ cient for all earners in 2000 was nearly 0.43, while the model
economy generates a value of 0.405. Moreover, the model yields a substantially higher concen-
tration of wealth than of earnings, as is the case in the actual data. Wol¤ (1994) reports wealth
Gini coe¢ cients of approximately 0.80, which is close to the simulated value under the baseline
calibration. Finally, estimates in Garner (1993) suggest an actual consumption Gini coe¢ cient
near to 0.31, while this measure in the model is close to 0.3429. Overall, the model does a good
job in reproducing the relevant statistics, and the "retirement facts"presented in Section 2.

Table 5: Descriptive Statistics

Benchmark Economy Literature
Capital-Output Ratio 3.09 3.00
Gross Interest Rate 6.15% 6%
Average Hours worked 0.28 0.31
Consumption tax 12% 8%
Gini Index - Earnings 0.41 0.43
Gini Index - Wealth 0.84 0.80
Gini Index - Consumption 0.34 0.31

29The high level of wealth concentration generated by the model economy is largely due to the assumptions
of minimum level of consumption and health shocks. As is noted by Quadrini and Rios-Rull (1997), minimum
consumption entails that low income agents have no incentive to accumulate assets because it implies that for
poor people, the e¤ective tax rate on savings can be above 100 percent. Health shocks, in turn, as they a¤ect the
conditional survival probability, generates heterogeneity in the intertemporal discount rate, which is a powerful
way to increase wealth dispersion.
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1.5.2 Counterfactual Exercises

1950

To investigate how well the model explains the changes in retirement between 1950 and 2000,
we introduced into the model the 1950 parameters, as described in the last section. Figure
11 presents the retirement pro�le generated by the model and the retirement pro�le observed
in the data. The model is also able to replicate the pattern of retirement in 1950 quite well.
Remember that the di¤erences between the 1950 and 2000 economies are the changes in the
experience pro�le, changes in the demographic composition of population, modi�cations in the
parameters relative to the social security system and the introduction of Medicare. As there is
little left to be explained according to Figure 15, simulation results suggest that the changes
in these variables account for almost all the observed change in retirement behavior over the
period. Note also that, as it was the case in the 2000 simulation, labor force participation starts
to decline after age 50 and the model is able to reproduce this fact, although its prediction
slightly overstates this movement. In any case, the match after age 60 is very good.

Note also that the sharp decline in labor force participation at age 62 observed in 2000 is not
present in the current simulation, which matches the data. Hence, this model simulation shows
that institutional changes related to social security are in fact e¤ective at in�uencing retirement
behavior. In this case, the introduction of early bene�ts between 1950 and 2000 created a peak
in the distribution of social security applications in the latter year that was not present in the
former.
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Figure 11: Individuals out of the labor force (%) - 1950

Accounting for the changes in retirement

In this subsection, we investigate the importance of each factor in determining the changes in
retirement. In Panel A of Figure 12, we modify the benchmark case by changing the rules of
Social Security to those of 1950, while keeping everything else constant. In Panel B, Medicare
was eliminated (again, keeping all other parameters as in the benchmark case); in Panel C we
feed the model with the 1950 demographic pro�le and in Panel D the age-e¢ ciency pro�le of
the benchmark economy is substituted with that of 1950.

The impact of Social Security and Medicare on retirement is sizable. For instance, the retire-
ment rate of 65-year-old individuals is close to 65% in the baseline economy. This rate declines
to 45% once social security parameters are changed, and to 50% if Medicare insurance were not
to exist. For 70-year-old individuals, the decline is from 82% to 60% and 58%, respectively. In
the latter case, for instance, without the incentive of public health insurance at 65, individuals
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tend to stay longer in the work force. Among other reasons, they need the income (and savings)
to pay for medical expenses.
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Figure 12: Individuals Out of the Labor Force (%) - Model Simulations

From Panel C it can be observed that the lower life expectancy of 1950 would cause the older
workers in 2000 to leave the labor force earlier. In other words, longer life expectancy causes a
postponement of retirement in the model. This phenomenon happens because once the survival
probabilities are shifted up, there is also an increase in the intertemporal discount rate, leading
agents to save more and work harder. Thus, the �nding of Kalemli-Ozcan and Weil (2006) that
the reduction of mortality risk decreases labor force participation because individuals can better
plan their retirement does not hold true in our richer environment in which Social Security
provides insurance against lifespan uncertainty. Hence, the observed increase in longevity in the
second half of the previous century does not help to explain the increase in retirement. Much
the opposite, it has negative impact that, apparently, was compensated for by the changes in
Medicare and Social Security. In fact, our simulation partly favors Bloom et al. (2007) as they
show that, depending on social security provisions, improvement in life expectancy may increase
working life.

In the simulation presented in Panel D the age-e¢ ciency pro�le in the benchmark economy
is substituted with that of 1950. The impact in this case is not too large. For ages below 63,
labor force participation falls, which is due to the fact that the age-e¢ ciency pro�le in 2000
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surpasses that in 1950 for ages 42-63. After that age, the impact is positive but small. This
�ndings contrasts with Ferreira and Pessôa (2007), who found that this channel was a key force
for the increase in retirement. Possible explanations for the di¤erent results are the fact that
we use Census data and their calibration is based on CPS data and the introduction of Social
Security and Medicare in our model.

Table 6 presents some of the numbers of the simulations of retirement rates for ages 62 to
68 in a di¤erent form. The second column presents the 2000 simulation ("Benchmark") and
the last column presents the 1950 simulation, where all factors were changed at the same time.
The remaining columns display the isolated impact (i.e., keeping all other factors constant at
their 2000 values) of Social Security, Demography, Age-E¢ ciency and Medicare, respectively,
on retirement rate. The farther the number in one of these columns is from the 2000 value, the
stronger the e¤ect of the corresponding factor.

For all ages, changes in Social Security have the strongest impact on retirement. For instance,
the estimated retirement rate at age 62 when changing only the rules of Social Security is 31.9%,
very close to the value of the full 1950 simulation30 (27.7%) and smaller than that of all the
other three cases. The isolated impact of Medicare is the second strongest. At age 65, for
instance, the elimination of Medicare from the benchmark economy would cause a reduction in
the retirement rate of almost twelve percentage points.

Table 6: Decomposition of the Changes in Retirement Rates

Age Variable Changed
Benchmark Social Security Demography Age-E¢ ciency Medicare All (1950)

62 50.61 31.9 58.9 53.4 41.2 27.7
63 56.9 32.9 63.9 57.4 46.4 28.5
64 61.8 36.7 70.7 60.0 50.2 31.0
65 65.2 46.5 71.3 62.2 53.7 36.6
66 69.5 48.5 75.5 64.1 57.9 38.6
67 74.8 55.2 80.1 72.1 61.1 45.0
68 78.1 57.1 84.7 76.9 62.0 50.2
1Share of individuals out of the labor force (%).

As previously noted, changes in the age-e¢ ciency pro�le between the two years had only a
limited impact. As a matter of fact, for ages 62 and 63 its e¤ect goes in the opposite direction,
and for all the remaining ages retirement rates are smaller than in the benchmark case. Finally,
changes in the demographic pro�le imply that retirement rates in 2000 would be higher than
the benchmark rates, for every age group, with the corresponding 1950 parameters.

Retirement Earnings Test and Delayed Retirement Credit

In this section we present two exercises to further illustrate the importance of Social Security
legislation to the labor decision of the elderly. Under the Retirement Earnings Test (RET),
Social Security bene�ts are reduced if earnings exceed speci�ed amounts. However, the Senior
Citizens Freedom to Work Act of 2000 abolished the Social Security earnings test for those
between the full retirement age and 70 years of age. The removal of the RET allows older
workers to remain in the labor force beyond their full retirement age without having part of
their retirement bene�ts withheld. We use our model economy to investigate the e¤ect of this
policy change on retirement. In particular, we run a counter-factual experiment in which the
retirement earnings test for individuals age 65-70 is eliminated, keeping everything else as in
the benchmark calibration. Given that the elimination of RET is likely to have higher impact
on higher earners than on lower ones, we show in Table 7 the change in the share of retirees

30Another way to see this result is as follows: if in 2000 the rules of Social Security were the same as in 1950,
the retirement rate at age 62 would be almost the same as that in 1950.
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aged 62-69 for the �rst and �fth quintile of the average past earnings distribution. As one
can see in the Table, retirement decreases for individuals aged 65-69 in both cases but the fall
is much larger for high earners. Indeed, the share of retirees aged 65, 66 and 67 in the �fth
quintile is, without RET, 14.75%, 15.52% and 19.32% lower in comparison to the benchmark
case, respectively, against 1.08%, 2.31% and 3.22% obtained among those in the �rst quintile.

Table 7: Change in retirement by past earnings (%)

Age First Quintile without RET Fifth Quintile without RET
62 0.14 3.05
63 1.28 2.03
64 0.15 1.37
65 -1.08 -14.75
66 -2.31 -15.52
67 -3.22 -19.32
68 -4.21 -15.54
69 -3.85 -12.59

Finally, we also investigate the isolated impact of Social Security�s Delayed Retirement Credit
(DRC) on the retirement of older men. The credit constitutes an incentive built into the program
to promote work at older ages. It raises lifetime Social Security bene�t payments for recipients
who delay receiving bene�ts beyond age 65. We use our model to investigate the impact of the
DRC on retirement behavior and on claiming behavior. In particular, we run a counterfactual
experiment in which we set gdc = 0: Table 8 shows the percentage change in retirement and in the
applications for Social Security bene�ts by age. The model predicts a small e¤ect of the DRC on
retirement. This result should be expected because in our model economy retirement behavior
is independent from the claiming behavior, which is more likely to be a¤ected by changes in the
DRC. In fact, the third column of Table 8 shows a sizeable impact of DRC on the distribution
of applications for social security. Bene�ts are now claimed much earlier, mainly at age 65: with
gdc = 0; applications at age 65 increases by 33.2%. In contrast, they fall for ages 66, 67 and 68.
Hence, our model suggests that DRC is in fact able to delay applications for bene�ts and thus
ease the pressure on the Social Security system.

Table 8: Change in retirement and bene�t claims (%)

Age Change in Retirement Change in Applications
62 -2.93 4.37
63 -2.85 3.26
64 -3.61 7.71
65 -1.57 33.20
66 -1.29 -57.18
67 -1.00 -63.80
68 -1.37 -68.14

1.6 Conclusions

In this paper, we have studied a lifecycle economy in which individuals optimally pick the time
to leave the labor force. The model mimics relevant features of the American economy and takes
special care in the calibration of the Social Security system. Simulations were able to match
very closely the retirement pro�le of American men as well as the changes in retirement from
1950 to 2000. The model was able to reproduce the di¤erences in the retirement pro�les between
low and high productivity individuals and between the healthy and unhealthy. The match of
the peak of the distribution of social security applications at age 62 was particularly good.
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The model suggests that the changes in Social Security over the second part of the last century
and the introduction of Medicare account for most of the changes in the retirement pro�le by
age observed in the period. In contrast, we found that the isolated e¤ect of demography would
be to postpone the date that workers leave the labor force. Hence, the increase in longevity
observed in the last century cannot explain the reduction in the labor force participation of the
elderly. The impact of technology factors represented in the change in the age-e¢ ciency pro�le
was mixed and small. The contrast with Ferreira and Pessôa (2007) may be because the current
model includes many other factors a¤ecting retirement.

In addition, we found that the elimination of the Delayed Retirement Credit has a small
impact on retirement but would drastically increase Social Security applications at the age of
65. Hence, the incentive of the DRC has played an important role in inducing workers to
postpone claiming bene�ts beyond the normal retirement age and thus ease the pressure on the
Social Security system.
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Chapter 2

Labor Supply, Criminal Behavior
and Income Distribution

2.1 Introduction

The research agenda in the economics of crime has recently sought to resume a long tradition
started with Becher (1968), Stigler (1970) and Ehrlich (1973) of using structural models to guide
the quantitative assessment of the economic determinants of criminal behavior. Among the most
relevant references are Imrohoroglu, Merlo and Rupert (2000, 2004), Lochner (2004), Moncan et
al. (2005), Englhardt, Rochoteau and Rupert (2005), Fella and Gallipoli (2006). These papers
have kept many of the features of existing models and embed Becker�s paradigm in a dynamic
equilibrium framework. These extensions have contributed to put forward the research in the
�eld in two important dimensions. First, the dynamic nature of these models allows one to assess
individuals decisions to engage in criminal activities over the life cycle (Merlo, 2003); second, by
using an equilibrium approach rather than a partial one, we can investigate the response of the
aggregate crime rate to a variety of factors, without leaving aside potentially important general
equilibrium e¤ects.

The papers of Lochner (2004), Moncan et al. (2005) and Fella and Gallipoli (2006) focus on
the relation between human capital accumulation and crime. Using dynamic models in which
educational choices and criminal behavior are endogenous, they �nd that educational policy
intervention could be thought as a cost-e¤ective alternative to greater expenditures on police
protection. Englhardt, Rochoteau and Rupert (2005) argue that the allocation of time towards
criminal activities is determined by the same factors that in�uence legal labor supply. As a
consequence, the authors investigate how labor market policies may a¤ect crime.

In Imrohoroglu, Merlo and Rupert (2004), it is proposed a broader assessment of the determ-
inants of crime. In fact, besides considering the e¤ect of human capital, law enforcement and
labor market conditions, the authors also take into account the changes in the age distribution
of population, economic growth and inequality. They calibrate a dynamic general equilibrium
model using data for the U.S. and carry out a decomposition of the determinants of crime. An
important result that come out from their assessment is that greater law enforcement policy
was the most important factor behind the large fall in criminality in the U.S. over 1980s and
1990s. The authors also underscore that inequality is an important factor promoting crime. In
fact, they argue that the decrease in the crime rate would have been much bigger if the income
inequality had not increased. According to their simulations, the increase in inequality alone
would have caused the crime rate goes up by near 59%, everything else kept unchanged.

Nevertheless, in addition to contributing to the decrease in the crime rate, the change in law
enforcement in the U.S. brought with it a large increase in the prison population, which has more
than doubled over the same period and now remains at more than two million inmates. The
problem lies in the fact that the cost associated with incarceration is enormous, posing a sizeable
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burden on government�s �nances and on society. These costs are not limited to food and medical
related expenditures to keep convicted individuals in prison, they also include capital outlays,
the costs of the criminal justice system, the loss of potentially productive citizens, as well as
costs of crime to victims. The depreciation of legal human capital and the informal training for
illegitimate activities that prisoners receive from associating with other convicts could also be
included as a cost of imprisonment (Moncan et. al., 2005).

In light of these considerations and given the potentially big e¤ect that inequality may
have on crime, in this paper I propose a dynamic general equilibrium model with endogenous
criminal behavior to investigate whether an income redistribution policy can be thought as an
alternative to more expenditures on police protection. The motivation for this assessment is
that, given the large cost associated with incarceration, a redistribution policy that has even
marginal success in making crime less attractive and legitimate work more rewarding is likely to
have a sizeable social payo¤. In order to attack this problem, the model economy considered in
this paper is populated by heterogeneous agents who live for a realistic number of periods, have
preferences over consumption and leisure, and di¤er in terms of their age, their skills as well
as their employment shocks. In addition, agents can accumulate a single risk-free asset, which,
following Aiyagari (1994), takes the form of capital. Savings may be precautionary and allow
partial insurance against the labor income shocks. Because of the lack of full insurance, this
model generates an endogenous distribution of wealth across consumers, enabling us to assess
the welfare implications of the redistribution policy experiment.

The redistribution policy considered in this paper is such that it taxes labor income and
transfers the revenue to individuals in a lump-sum fashion. In order to assess the welfare
implications of this policy experiment, I take a stand on a speci�c social welfare function, which
is based on an utilitarian social welfare function among all generations currently alive in the
steady state. Under this criterion, well-being of the heterogeneous population is aggregated by
the weighted sum of individual utilities. The usage of this social welfare function is desirable in
my context because its curvature, which here is determined by the curvature of the individuals
utility function, re�ects the marginal social value of equality - the extent to which a dollar is
deemed to be worth more to a poorer individual than to a richer one.1 Thus, I can assess the
performance of the policy experiment considering di¤erent levels of society�s aversion towards
inequality.

The model used to guide the quantitative assessment in this paper is related with Imroho-
roglu, Merlo and Rupert (2004), Moncan et al. (2005) and Fella and Gallipoli (2006). However,
di¤erent from these papers which assume that labor is exogenous, I explicitly model individuals
labor supply decisions. This seems to be a natural extension in the current context since there
are potentially important general equilibrium e¤ects associated with the redistribution policy
acting through changes in labor which may be crucial to correct evaluate the implications of
the policy change. Moreover, the presence of endogenous labor in an uncertain environment is
important because individuals have an additional element, along with asset holdings, to insure
themselves against idiosyncratic shocks.

Another important dimension in which I extend previous literature is to include stigma
due to conviction. As far as I know, the model developed in Imrohoroglu, Merlo and Rupert
(2004) is the only one that explicitly takes into account the stigma e¤ect. In their model stigma
only decreases individuals wage and does not a¤ect their likelihood of employment. Nevertheless,
according to the empirical evidence in Freeman (1992), Grogger (1992) and Nagin and Waldfogel
(1995), stigma tends to be much more important in increasing the unemployment duration than
in decreasing wages. Thus, in this paper I follow this evidence and the stigma e¤ect appears as
a lower probability of ex-convicted individuals to �nd a job. The importance of introducing the
stigma e¤ect into the model relies in the fact that it might a¤ect the analysis of the determinants
of criminal behavior. In particular, the sensibility of crime to changes in law enforcement and

1See, for example, Atkinson (1970, 1973) and Atkinson and Stiglitz (1980).
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labor market conditions tends to be higher since the possibility of being stigmatized increases
the expected cost of engaging in criminal activities.

Imrohoroglu, Merlo and Rupert (2000) have also analyzed the relative desirability of income
redistribution vis-à-vis law enforcement policies.2 The authors �nd that, if the government is not
able to prevent unpunished criminals from receiving transfers, then the redistribution policy may
end up raising criminality. This result is due to their assumption that individuals can specialize
either in legal market activities or in crime. In this case, higher income transfers do not increase
the opportunity cost of crime, while the tax required to �nance those transfers reduces the legal
workers�wages. However, the assumption of specialization does not seem to be supported by
the empirical evidence. As a matter of fact, various surveys of prison inmates show that crime
and legal work are not mutually exclusive. For example, according to the Bureau of Justice
Statistics (1986), 71 percent of all state prisoners were employed before their conviction.3

The rest of this article is organized as follows: In Section 2, the economic environment is
described; in Section 3, the calibration of the model is carried out; in Section 4, the results of the
numerical simulations are presented and discussed; and, �nally, Section 5 concludes the study.

2.2 The model

The dynamic general equilibrium model that will be used to guide the quantitative assessment of
the questions proposed in this paper has an overlapping generation structure. In what follows, I
develop this model and present a de�nition of a competitive equilibrium for the economy under
consideration.

2.2.1 Demography and preferences

The model economy is populated by a continuum of mass one individuals. In each time period,
a new generation is born with probability one. These individuals survive for a �nite number of
periods T; which is deterministic. The share of age-t individuals in the economy is denoted by
t. In addition, at each age t, individuals are heterogeneous with respect to their educational
attainment i = 1; :::; I: Let �i denote the share of individuals with education level i in the
population. Both the age, ftgTt=1; and education, f�igIi=1; distributions are exogenous and

satisfy
TP
t=1

t = 1 and
IP
i=1

�i = 1.

In each period of life individuals are endowed with one unit of time, which can be used to
labor or leisure. They enjoy utility from consumption, ct, and leisure, lt; over the life cycle
according to:

E0

 
TX
t=1

�t�1u(ct; lt)

!
(2.1)

where � is the subjective discount factor, and E is the expectations operator conditional on
information at birth. The utility function of each period is assumed to take the form:

u(ct; 1� ht) =
(ct

1��l�t )
1�

1�  (2.2)

where  denotes the risk aversion parameter and � denotes share of leisure in the utility.

2Others papers that analyze questions related to mine are Benoit and Osborne (1995), Merlo (2003) and
Cassone and Marchese (2006).

3Further evidence can be found in Lochner and Moretti (2004)
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2.2.2 Budget constrains

In the economy considered in this paper, individuals make decisions about labor supply, savings
and whether or not to engage in criminal activities. At the beginning of each period t = 1; :::; T;
individuals receive a stochastic employment shock s 2 S = fe; ug; where e and u denote
employment and unemployment. The labor income of an employed agent aged t with education i
depends on the wage rate, w, the number of hours she spends working, hi;t;, and an age-education
e¢ ciency index "i;t; where "i;t is exogenously given and intended to capture the heterogeneity
of individuals�earnings over the life cycle and in terms of education attainment as well. Let
ye;i;t = (1 � �)whi;t"i;t denote individuals after-tax income when s = e; where � denotes the
labor income tax rate. On the contrary, unemployed individuals (s = u) do not work at all
(ie; hi;t = 0) and receive unemployment insurance bene�ts, which amount to a fraction � of the
employed income, that is, yu;i;t = �whi;t"i;t.

Moreover, regardless of their employment status, agents can choose to engage in criminal
activities.4 The types of crimes considered in this article are those under the general category
of property crime, consisting of burglary, robbery, theft, motor-vehicle theft, and larceny. This
is so because these crimes are more probably motivated by the prospect of monetary gain.5 For
simplicity, I assume that criminals do not have information about their victim�s income, which
implies that they do not have the ability to target their victims based on that variable. Instead,
criminals choose their victims randomly within the population. If they succeed, which occurs
with probability �a, a fraction � of the victim�s income is stolen. As a consequence, the expected
payo¤ of getting involved in a successful criminal activity is �

_
y, where

_
y denotes the average

income of the economy.
However, if they fail, which occurs with probability 1��a, they are arrested and held in jail

during an entire period.6 In this case, they do not make any decisions and receive a subsistence
consumption level denoted by c

�
. The income of individuals who are convicted of a crime and

sent to prison is con�scated and distributed in a lump-sum fashion among all the individuals who
are not in jail.7 In addition, a convicted criminal keeps her assets, but she cannot access them
while in jail. After a crime sentence ends, individuals are released, and they resume making work,
savings and crime decisions. Criminal choice in the model is discrete and I assume that criminals
can commit only one crime per period. This assumption is used here for computational reasons
and it is not crucial for my assessment of the factors leading individuals to become criminals.8

The probability of being caught is endogenous, which allows the model to capture some equi-
librium e¤ects on crime acting though changes in the output of economy. Following Imrohoroglu
et al. (2000), the apprehension technology of the police is described by:

4 In other words, crime and legal work are not mutually exclusive. This assumption is supported by various
surveys of prison inmates. For example, according to the Bureau of Justice Statistics (1986), 71 percent of all
state prisoners were employed before their conviction.

5Following Imrohoroglu el al. (2000 and 2004) and Fella and Gallipoli (2006), I consider robbery as a property
crime, even though the FBI classi�es it as a violent crime. For the proposal of this paper, it seems to be reasonable
since many crimes in that category are motivated by the prospect of monetary gains.

6Later, I will specify a model period to amount one year. Given that the average sentence length is around
one year for property crimes and has not changed during the 1980s and 1990s (Sourcebook of Criminal Justice
Statistics, Bureau of Justice Statistics, 1995), this assumption keep us near the reality at same time it helps
simplify the model.

7This assumption slightly di¤ers from the one used in Imrohoroglu et al. (2004) who use the convicted criminals�
income to �nance the consumption of prisoners. Even though this is a strong assumption, it helps keep the model
tractable, without signi�cantly a¤ecting the results. An alternative could be to give the proceeds of crime back
to the victims, but it would require another state variable to identify the victims, leading us to face the course of
dimensionality.

8An alternative approach is used in Lochner (2004) and Moncan et al. (2005) who model criminal choice
as continuous (time spending committing crimes), but they do not take into account life-cycle savings. In the
current setup, besides asset holdings, agents choose leisure, so that modeling criminal behavior also as a continuous
variable would make the solution of the model a signi�cantly more time-consuming task since we would have to
solve one more choice variable for each agent in every period.
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�a = 1� (1� pY )
1
� (2.3)

where � > 0 and Y is the output of economy and p is the share of output spent with public-safety.
Thus, p summarizes the law-enforcement policy in the model.

The function (2:3) is convenient because it is concave and depends on only one parameter,
which makes it easier to calibrate. However, the literature is silent about the most appropriate
way to model the probability of apprehension. Thus, I also provide results of simulations in
which �a is exogenously determined.

I assume that employment shocks are correlated across time in such a way that the probability
of receiving a realization s0 in the next period depends on the individual�s current employment
status s: Let �ss0;t+1 denote such a probability. These transition probabilities also depends on
individuals� criminal record. In fact, there is substantial body of empirical evidence showing
that after a conviction individuals face lower probability of �nding a job than if they had not
been convicted.9 The higher duration of unemployment for ex-prisoners is due to the stigma
of incarceration, which appears as a societal outcome. Thus, even though this stigma e¤ect is
not legislated, it constitutes an additional component of punishment. Let ch denote individuals�
criminal record. In particular, employment shock s is a two-state, �rst-order Markov process
with the transition probability matrix given by:10

Pt+1 =

8>><>>:
�
�ee;t+1 �eu;t+1
�ue;t+1 � uu;t+1

�
if ch = 0�

�ee;t+1 �eu;t+1
��ue;t+1 1� ��ue;t+1

�
otherwise

(2.4)

where � 2 [0; 1] captures the extent to which stigma reduces the probability of �nding a job for
an ex-convicted.

In this economy, individuals are allowed to save in a risk-free asset which pays an interest
rate r: Let ct and at denote, respectively, consumption and ordinary asset holdings of an agent
at age t: Thus, I can write the budget constraint facing an individual with employment status
s and chooses not to become a criminal as:

at+1 =

�
(1 + r)at + ys;i;t + � � ct; with probability 1� �v
(1 + r)at + (1� �)ys;i;t + � � ct; with probability �v

(2.5)

On the other hand, the budget constraint of a criminal agent is given by:

at+1 =

8><>:
(1 + r)at + ys;i;t + � + �

_
y � ct; with probability (1� �a)(1� �v)

(1 + r)at + (1� �)ys;i;t + � + �
_
y � ct; with probability (1� �a)�v

(1 + r)at; and ct = c
�
; with probability �a

(2.6)

where � denotes a lump-sum transfer.
Additionally, agents cannot have negative assets at any age, so that the amount of assets

carried over from age t to t + 1 is such that at+1 � 0: Also, given that there is no altruistic
bequest motive and death is certain at the age T +1; agents consume all their assets at this age
T , that is, aT+1 = 0:

9See, for example, Freeman (1991), Grogger (1992), Nagin and Waldfogel (1995) and Nagin (1998).
10By allowing for the probability matrix to depend on age, the model is able to take into account the pattern

of unemployment duration over the life cycle. However, in order to keep the model treatable, the transition
probabilities do not vary with individuals�education since it would make the computer code too computationally
burdensome.
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2.2.3 Recursive formulation of individuals�maximization problems

Let !t denote the state space of an individual at age t. It is fully characterized by the amount
of asset holdings a at the beginning of the period, by the employment status s; by education
i and by individual�s criminal history ch; that is !t = (at; st; i; cht): Let V nc

t (!t) denote the
value function of an agent at age t who does not engage in illegal activities and V c

t (!t) the value
function of an agent that choose to commit a crime: Thus, the criminal decision is such that an
individual at the state !t become a criminal if V c

t (!t) > V nc
t (!t). The value functions V nc

t (!t)
and V c

t (!t) are de�ned by the following dynamic programs:

If not criminal :

V nc
t (!t) = Max

�t

8>>>><>>>>:
(1� �v)

"
u(ct;nv; 1� ht) + �

P
st+1

Pt+1(st+1; !t)Vt+1(!t+1)

#

+�v

"
u(ct;v; 1� ht) + �

P
st+1

Pt+1(st+1; !t)Vt+1(!t+1)

#
9>>>>=>>>>;(2.7)

subject to (2:5)

If criminal :

V c
t (!t) = Max

�t

8>>>>>>>>><>>>>>>>>>:

(1� �v)(1� �a)
"
u(ct;nv; 1� ht) + �

P
st+1

Pt+1(st+1; !t)Vt+1(!t+1)

#

+�v(1� �a)
"
u(ct;v; 1� ht) + �

P
st+1

Pt+1(st+1; !t)Vt+1(!t+1)

#

+�a

"
u(c
�
; 1) + �

P
st+1

Pt+1(st+1; !t)Vt+1(!t+1)

#

9>>>>>>>>>=>>>>>>>>>;
(2.8)

subject to (2:6)

where �t = (at+1;nv; at+1;v; ht) � 0; with also ht � 1; denotes the set of choice variables at age t
and Vt+1(!t+1) = maxfV c

t+1(!t+1); V
nc
t+1(!t+1)g:

Suppose A � R+; S = fe = 1; u = 2g and I � R+; are the sets of possible values that a,
s and i can take, so that we can de�ne the state space as 
 = A � S � I: Let ga;t : 
 ! R+,
gc;t : 
 ! R+ and gh;t : 
 ! [0; 1] be the policy functions associated with asset holdings,
consumption and hours worked, respectively, in the dynamic programs (2:7) and (2:8). Finally,
let 't : 
! f0; 1g be the decision rule of crime de�ned as following:

't(
) =

�
1 if V c

t (
) > V nc
t (
)

0 otherwise

2.2.4 Technology

The technology in this economy is given by a Cobb-Douglas production function with constant
returns to scale: Yt = BK�

t Nt
1�� where � 2 (0; 1) is the output share of capital income, and

Y , K and N denote aggregate output, capital and labor respectively and B > 0 is a constant
scale parameter. The problem of the �rms is standard. They pick capital and labor optimally
and the �rst order conditions are given by:

r = �B

�
K

AN

���1
� � (2.9)

w = (1� �)B
�
K

AN

��
(2.10)
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where r denotes the net rate of return on capital, w the wage rate and � the depreciation rate
of capital.

Recursive competitive equilibrium

At each point of time, agents are heterogeneous in regard to age t and to state ! 2 
. The
agents�distribution at age t across the states ! is represented by a measure of probability �t
de�ned on subsets of the state space 
: Let (
; B(
); �t) be a space of probability, where B(
)
is the Borel ��algebra on 
: Thus, for each b � B(
); we have that �t(b) denotes the agents�
fraction at age t that are in b: Let Qt(!; b) be the transition function from age t to age t + 1;
which depends on the decision rule gt(!) and on the transition probability matrix Pt+1: The
function Qt(!; b) gives the probability of an agent at age t and state ! to transit to the set b at
age t+ 1. A recursive competitive equilibrium for this economy can be de�ned as following:

De�nition 2 Given the policy parameters; a recursive competitive equilibrium for this economy
is a collection of value functions fV nc

t (!t); V
c
t (!t)g; decision rules for individual asset holdings

ga;t(!t); for consumption gc;t(!t), for labor supply gh;t(!t) and for crime 't(!t); prices fw; rg,
age dependent but time-invariant measures of agents �t(!t); transfers �, victimization rate �v;
crime rate �c; probability of being caught �a; average income of economy

_
y and a tax rate �

such that:
1) ga;t(!t), gc;t(!t); gh;t(!t) and 't(!t) solve the dynamic problems (2:7) and (2:8);
2) The individual and aggregate behaviors are consistent, that is:

K =
TX
t=1

�t

Z



ga;t(!t)d�t

N =
TX
t=1

�t

Z



gh;t(!t)"i;td�t

3) fw; rg are such that they satisfy the optimum conditions (2:9) and (3:10);
4) The �nal good market clears:

TX
t=1

�t

Z



fgc;t(!t) + [ga;t(!t)� (1� �)ga;t�1(!t)]g = BK�N1��

5) Given the decision rule ga;t(s), �t(b) satis�es the following law of motion:

�t+1(b) =

Z



Qt(!; b)d�t 8b � B(
)

7) The victimization and crime rates are given by;

�v =
TX
t=1

�t

Z



't(!t)d�t

�c = '�v

where ' is a scale parameter that, for example, can be used to account for reporting bias.11

11See discussion below.
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8) The unemployment insurance bene�ts program is self-�nancing:

� =

TP
t=1
�t

Z



yu;i;td�t + c
�
�c�a

TP
t=1
�t

Z



ye;i;td�t

9) The lump-sum transfers � is given by:

� =

�a
TP
t=1
�t

Z



't(!t)[d(st)ye;i;t + (1� d(st))yu;i;t + �
_
y]d�t

1� �a�c

where d(st) = 1 if st = e and d(st) = 0 otherwise.
10) The average income of economy satis�es:

_
y =

TX
t=1

�t

Z



[d(st)ye;i;t + (1� d(st))yu;i;t]d�t

In short, the time line of the events in the model economy is as follows: i) At beginning of
each period, individuals �nd out their employment status; ii) Given st; they solve the dynamic
programs in (2.7) and (2.8) in order to determine Vt(!t); iii) crimes are committed and the
uncertainty with regard to victimization is revealed; iv) captured criminals go to prison; v)
Savings are carried out.

2.3 Data and calibration

In order to obtain numerical solutions to the model and examine the determinants of criminal
behavior, we need to choose particular values for the structural parameters of the economy under
consideration. These values are chosen with the objective to build a numerical counterpart of the
model which is able to reproduce selected features of the U.S. economy.12 Cooley and Prescott
(1995) describe how to calibrate a speci�c representative agent, in�nite-horizon model in the
real-business-cycle literature, while Auerbach and Kotliko¤ (1987) undertake a similar task for
overlapping generations models. The calibration procedures described below follow these studies.

Initially, the model is calibrated taking into account 1980 data, which is set as a bench-
mark. Afterwards, I introduce into the model the changes observed in the economic environment
between 1980 and 1996 and investigate whether or not the model is able to replicate the changes
in criminality. Finally, I isolate the e¤ect of the law enforcement, of aging population, of income
inequality, of economic growth and of education and investigate the relative importance of each
factor to the changes in the crime rate in the period.

2.3.1 Demography

I calibrate the model economy under the assumption that the model period is one year. In this
economy, I examine individuals who start their economically meaningful lives at the age of 15
and live until the age of 65. Thus, the extension of individuals�lifetime in the model is 51 periods

12 I use data from the US to calibrate the model because there is a shortage of panel data set about crime in
Brazil, which poses obstacles on any assessment of changes in the crime rate over time. This problem has been
pointed out by many researches such as Fajnzylber and Araujo Junior (2001) and Cerqueira and Lobao (2004).
Nevertheless, it should be stressed that the model developed in this paper is general and can be applied to studied
patters of criminality in di¤erent datasets.
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(T = 51): The age population distribution, ftgTt=1; is obtained from the U.S. Bureau of the
Census, Statistical Abstract of the United States. Figure 1 shows the population distribution
by age for 1980 and 1996. It can be seen in the Figure that there was an aging population
in the period, with a substantial fall in the share of young individuals (ages 15 � 30) and a
correspondent increase in the share of experienced ones (ages 30�50). As it will turn out, these
demographic change may strongly a¤ect criminality since most criminals are aged 15-30.

Figure 1: Age population distribution (%)
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The education levels considered in this paper are: less than high school (i = 1); high school
(i = 2); college (i = 3) and more than college (i = 4). The distribution of human capital f�igIi=1
is also obtained from the U.S. Census Bureau and is shown in Table 2. Note that the share of
individuals with less than college decreased between 1980 and 1996, going from 75% to 70%.
At the same time, the number of individuals with higher education increased by 4 percentage
points for those with just a college degree and by 1 percentage point for those with a post-college
degree.

Table 1: Distribution of human capital

�1 �2 �3 �4
1980 0:11 0:64 0:19 0:06
1996 0:09 0:61 0:23 0:07

2.3.2 Preferences and technology

The values of the parameters related with the individual preferences (�; ; �) are summarized
in Table 1: The value of the relative risk aversion parameter  along with the share of leisure
in the utility � determine the elasticity of intertemporal substitution of consumption, which is
given by 1=[1� (1� �)(1� )]. Using the values for (; �) reported in Table 1, I obtain a value
of 0:71 for the intertemporal substitution of consumption, which is in the range of the estimates
of the microeconomic studies revised by Auerbach and Kotliko¤ (1987).

In representative agent models, given the capital income share and the depreciation rate,
there is a one to one relationship between the parameter � and the fraction of time that indi-
viduals spend working in the stationary state. In overlapping generation models, however, such
relation is more complicated because of heterogeneity among agents. In this case, the procedure
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used to choose � is such that the average fraction of time that individuals in the model economy
spend working is consistent with the empirical evidence, which suggests a value near 33%.13

Table 2: Preferences and technological parameters

�  � B � �

0:989 2:00 0:61 0:90 0:36 0:05

The discount factor � has traditionally been calibrated using the capital-output ratio ob-
served on data. I follow this procedure here and choose a value for � such that the model
delivers a capital-output ratio of 2:76; which is close to the estimated value for K=Y in the U.S.
economy.

The values of technological parameters (B;�; �) are also summarized in Table 1. I chosen
a value for � based on U.S. time series data from the National Income and Product Accounts
(NIPA).

Following the real-business-cycle literature, the depreciation rate showed in Table 1 is ob-
tained using the law of motion for the capital stock in steady state, an empirical investment-
capital ratio of 0.082 and an economic growth rate of 3%.

Finally, I follow Huggett (1996) and choose the total factor productivity parameter B in
such a manner that the benchmark economy delivers a wage rate w equal to 1: Thus, given a
capital-product ratio of 2.76 and � = 0:36; the value of B is 0.9.

2.3.3 Age-education e¢ ciency pro�le

The age-education earnings pro�les, "i;t, used in the simulations are estimated in Imrohoroglu et
at. (2004).14 They use data from the Current Population Survey for each year to regress the log
of real weekly earnings on age, age-squared, and dummy variables for di¤erent human capital
types. Figure 2 presents the estimated earnings pro�les for the benchmark year. An important
change that can be observed in the data is that earnings of individuals with less than a high
school education have shown a relative decline between 1980 and 1996. On the contrary, earnings
of those with a college degree or more have increased relative to their counterparts. Thus, as
one can see in Table 3 which shows some descriptive statistics of the earnings distribution, even
though the labor income has grown, inequality as measured by the standard deviation of earnings
increased substantially over the period.15

13See, for instance, Juster and Sta¤ord (1991).
14 I would like to thank Peter Rupert for providing the data.
15 I have normalized the distribution of earnings in such a way that the average earnings in the benchmark

economy is 1. The descriptive statistics shown in Table 3 correspond to the normalized data.
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Figure 2: Earnings profiles  Benchmark economy
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Table 3: Descriptive statistics

average earnings standard deviation
1980 1.000 1.095
1996 0.397 0.476

2.3.4 Transition probability matrix

Figure 3 shows the unemployment rate by age for 1980 and 1996. The data is from the Current
Population Survey (CPS), bureau of Labor Statistics. Given that the CPS only provides data
for �xed intervals of age, linear interpolations were used to obtain the unemployment pro�le
for all possible ages. As can be seen in the Table, a marked change in the labor market in the
period was the increase of unemployment among young individuals. This, in fact, took place at
the same time that the aggregate employment was growing.
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Figure 3: Unemployment rate by age (%)
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The stochastic matrix Pt describing the transitions of the Markov chain for the employment
shocks is constructed using the data showed in Figure 3. In particular, the entries of the
matrix are chosen in such a way that the invariant distribution of employment associated with
Pt matches the employment conditions observed in the data. Thus, for instance, given an
unemployment rate of 13:59% for individuals aged 20, we have that the transition probabilities
are such that:16�

0:8518 0:1482
0:9418 0:0582

�
=

�
0:1359 �0:5
0:8641 �0:5

��
1 0
0 �0:09

��
0:1359 �0:5
0:8641 �0:5

��1
It is straightforward to show that the stochastic matrix above satis�es:�

0:8518 0:1482
0:9418 0:0582

�1000
=

�
0:8641 0:1359
0:8641 0:1359

�
2.3.5 Crime data and law enforcement parameters

The major source of nationwide crime statistics in the US is the Uniform Crime Reports (UCR),
which is based on the number of crimes reported to the police. The UCR contains information
from most jurisdictions and accounts for broader range of categories of crime. Additionally, it
has more tradition and prestige that is enhanced by the FBI involvement in the data collection
and reporting process (Gove el at., 1985). However, a major criticism that has been made to the
UCR is that not all crimes are reported to the police. This can happen, for example, because
victims feel that the police will do nothing about the crime, because of the embarrassment of
talking about the crime (a man who was robbed by a prostitute) or because they are afraid of
retaliation.17

16More formally, we have that A = PDP�1 where D is the diagonal matrix of the eigenvalues of A and P is
the matrix of eigenvectors of A:
17Another criticism made to the UCR is that crime reporting behavior is a¤ected by the size of police force and,

as consequence, the usage of this dataset to assess the e¤ectiveness of increasing public-safety expending should
be avoided. Nevertheless, Levitt (1998) shows that, even though the existence of reporting bias, it is too small to
compromise the evaluation of crime-control policies based on UCR.
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The second most important source of crime data is the National Crime Victimization Surveys
(NCVS), whose the main purpose is to uncover crimes that have not been reported. Thus, the
survey is based on the premise that citizens may report to the NCVS interviewers the crime that
they did not report to the police. However, the NCVS has also faced many criticisms, which
focus primarily upon the lack of seriousness of crimes reported to NCVS as interviewees report
trivial incidents as crime as well as respondent accuracy (Vito el at., 2007). In fact, respondents
are not always reliable because the NVCS asks them to recall events from a speci�c time period,
so that forgetting and telescoping (moving a crime event from the past forward or pushing a
victimization backward to be included) is a problem.

There is, though, empirical evidence showing that both statistics of criminality are highly
correlated, mainly for property crimes, and, as a consequence, they measure the same phe-
nomenon.18 The validity of these measures of crime is also supported by di¤erent research
strategies. Indeed, Penick and Owens (1976) carry out a survey in which NCVS respondents are
asked whether or not they have reported crimes to the police which they reported to the inter-
viewer. The authors �nd that the average percentage of victimizations reported to the police
is about 70% for property crimes. Thus, they conclude that property crime rates for UCR and
NCS measures show a high level of agreement.

Therefore, given this evidence supporting the UCR as valid indicators of the criminal activity,
specially with regard to property crimes, it is used in this paper mainly because the UCR is a
more comprehensive source of crime statistics.19 However, to account for the di¤erent between
the victimization rate measured by the NCVS and the number of crimes reported to the police,
I de�ne crime rate in the model as: �c = '�v; where ' captures the level of under reporting
observed in the UCR data. In accordance with the evidence above, I set ' = 0:70. Table 4
shows the crime rate per 100 inhabitants in the US for di¤erent years.

Table 4: Crime rate (%) - UCR data

1975 1980 1986 1996
5.02 5.60 5.05 4.6

The parameter � that characterizes criminal earnings from property crimes, in addition to
the costs of property crime to victims, is set to be 0:15 (Imrohoroglu et al., 2000). While in
prison, the apprehended criminal receives a subsistence�consumption level denoted by c

�
; which

is calibrated appropriately for the model to match the observed crime rate in the benchmark
economy. Given that the property crime rate per 100 inhabitants in the United States in 1980
was 5:60%, a value for c

�
of 0:0474 was obtained: This value corresponds to about $1300 (in 1990

dollars), which is close to the per innate annual expenditure on food.20

The apprehension technology of the police is characterized by the parameter �. To calibrate
this parameter, pY is �rst set equal to 0.6% of the output of the benchmark economy, which
corresponds to the amount spent by the U.S. on law enforcement in 1980. Given this value for
pY , � is then chosen in order for the model to match the probability of apprehension observed in
the data for 1980. The closest empirical counterpart of the probability of apprehension �a is the
clearance rate. This rate corresponds to the share of crimes for which the police have obtained
enough evidence to arrest a person for the particular o¤ense with reference to the number of
o¤enses.21 After decreasing from 18:9% to 16:8% between 1975 and 1980, the clearance rate has

18See, for example, O�Brien el at. (1980) and Vito el at. (2007) and the evidence they cite.
19Others papers related to mine such as Imrohoroglu, Merlo and Rupert (2000, 2004), Fella and Gallipoli (2006),

Moncan et al. (2005) and Merlo (2003) have also use the UCR data.
20 In fact, according to Imrohoroglu et al., (2000), who use data from the U.S. Bureau of Prisons, O¢ ce of

Research and Evaluation, the average expenditure on food in the U.S. prisons was about $1600 in 1990. Also, I
do not include the expenditures on food into the public-safety spending because the latter is treated as a policy
parameter in the model.
21 It should be stressed that, even though the probability of punishment, which is related to the number of
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steadily increased through the 1980s and 1990s, reaching 18:6% in 1996. As it will turn out,
this increase is largely due to a marked expansion in the public-safety spending observed in the
period, which went from 0.6% of the GDP in 1980 to 0.71% in 1996. Thus, by choosing a value
of 0:1390 for �, the model generates a �a equal to 0:1685 under the baseline calibration.

Finally, the parameter �; which captures the extent to which stigma reduces the likelihood
of employment for ex-convicted individuals, is calibrated based on the empirical evidence in
Freeman (1992). Exploiting a panel data for a sample of young U.S. men in the 1980s, he �nds
that incarceration depresses the probability of work by 15 to 30 percentage points. Thus, I set
� = 0:80 for the benchmark economy.

2.4 Results

Table 5 characterizes the pro�le of criminals in the model under the baseline calibration by
presenting the crime rate among di¤erent groups in the population. As one can see in Table,
while the aggregate crime in the model is 5.65% in the benchmark year, the crime rate is 18.73%
among unemployed individuals, 27.92% among individuals younger than 19 years old and 24.30%
among those without a high school diploma. Given that these �ndings are close to the values
observed in the data, which are also shown in Table 5, the model is able to replicate a stylized fact
that being unemployed, young and uneducated is largely associated with criminal behavior.22

The reason for which the model yields these results is that these features are highly correlated
with low levels of income and, as a consequence, a high marginal utility of income. Considering
that the marginal utility of income measures the extent to which individuals value an extra unit
of money, we have that the higher the marginal utility of income, the higher their inclination to
engage in criminal activities.

Table 5: Crime rate among di¤erent groups (%) - Benchmark

Model Data
All economy 5.65 5.60
Unemployed individuals 18.73 23.10
Individuals Younger than 19 27.92 24.35
Individuals without HS diploma 24.30 26.83

Table 6 shows the decomposition of the change in the crime rate between 1980 and 1996.
The exercise behind the results shown in Table 6 consists in taking the calibrated model for
the benchmark year, replacing the 1980 data with data relative to unemployment, age-e¢ ciency
pro�les, age distribution of the population, human capital distribution, and law enforcement
for 1996, and then computing the new stationary equilibrium. Note that besides the case in
which �a is given by (2:3); I also present the results for the case in which �a is exogenous.23

It can be seen in the Table that the crime rate is more sensitive to changes in the economic
environment when �a is endogenous. This should be expected because, in this case, changes in
the labor market conditions or in law enforcement that a¤ect individuals�decisions about labor
supply and asset holdings also a¤ect the output of economy. Considering that the expenditures
on police protection is proportional to the output, pY , it entails an increase in the public-safety
spending and thereby an increase in the probability of apprehension, which ampli�es the change
in the crime rate.

Overall, the model is able to replicate the change in the crime rate in the period under
consideration, regardless of �a being endogenous or not. According to Table 6, greater law en-

convictions, may di¤er from the clearance rate, they are correlated because an o¤ense could not be considered
"cleared"unless there was a reasonable chance that a conviction would result.
22See, for example, Buonanno and Montolio (2008).
23 I do that because of the lack of consensus among criminologists and economists about the best functional

form for the technology of apprehension.
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forcement policy was the most important factor behind the decline in crime between 1980 and
1996, following by the growth of the labor income.24 The channel through which both variables
a¤ect criminality is straightforward. First, an increase in the probability of apprehension in-
creases the expected cost of crime, leading criminals to �nd optimum not to engage in criminal
activities any longer. Second, the increase in labor income decreases the individuals�marginal
utility of income, thereby depressing their willingness to take the risk associated with crime.

In order to investigate the isolated e¤ect of inequality on crime, I have fed the model with
data regarding to the earnings pro�les for 1996, keeping the average earnings normalized to its
value at the benchmark case. As a consequence, in this experiment the only di¤erent between
the disturbed and benchmark economies is the dispersion of labor income. Table 6 shows that
the increase in inequality constitutes the most important single factor promoting crime in the
period. The model predicts that one percent of increase in inequality, measured by the standard
deviation of earnings, is associated with an increase of 5.17 (2.92 with �a constant) percentage
points in the crime rate. To understand the channel through which inequality a¤ects criminality
in the model, one should remind that the change in earnings pro�les observed in the period made
disadvantaged individuals even poorer in relation to those at the top of the income distribution
thereby increasing their inclination to engage in criminal activities.

This result is consistent with the empirical evidence in Demombynes and Ozler (2005) and
Fajnzylber et al. (2002), which shows that the level of criminality is more correlated with the
distribution than with the level of income in an particular economy. The intuition is that when
everyone is poor in a given region, the average income and thereby the expected return of crime
is low, which o¤set the higher inclination to commit crime. On the other hand, the larger the
number of rich people, the higher the expected return of crime and more prone to commit crime
poor people will be.

Table 6: Decomposition of the change in the crime rate

�a endogenous �a exogenous
Model benchmark year 5.61 5.66
Police protection1 2.74 3.36
Age pro�le 4.29 5.95
Human capital 5.25 5.38
Average Income 3.78 4.23
Inequality 10.78 8.62
Unemployment 5.69 5.62
Model 1996 4.48 4.86
Data 1996 4.60 4.60
1
In the second column, p is increased to 0.0071, while in th ird one I ra ise the probability of apprehension to 0.186.

Another interesting result that come out from Table 6 is that the e¤ect of the change in the
age distribution of population depends on whether �a is endogenous or constant. In fact, if �a
is endogenous (constant) we have that the aging population decreases (raises) criminality. To
understand this result, note that, with endogenous labor supply, population aging has a twofold
e¤ect on crime. On the one hand, it has a negative e¤ect (i.e., it diminishes crime) due to the
reduction of the young who, according to table 5, are more likely to engage in criminal activities
than mature individuals. On the other hand, the larger number of experienced individuals
entails a higher level of employment and income, as the average hours worked and earnings of
these individuals are higher (see Figure 4), which increases the expected return of crime thereby
generating a positive e¤ect on crime. In the model with �a exogenous the second e¤ect tends

24 In Table 6, the change in law enforcement in the second column takes the form of a increase in the public-
safety spending as a share of output, p, from 0.006 to 0.0071, while in the third column it consists in an increase
of �a from 0.168 to 0.186.
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to dominate, while the opposite is true when �a is endogenous. This is so because in the latter
case the increase in the income due to a larger share of experienced agents in the economy raises
the expenditures on police protection, which reinforces the e¤ect of the demographic change on
crime.

This result is at odds with the one obtained in the imrohoroglu et al. (2004)�paper, in which
labor and �a are constants. The di¤erence can be explained by the fact that the authors abstract
from the general equilibrium e¤ects associated with the behavior of the aggregate labor along
the life-cycle and, as a consequence, the second e¤ect of the demographic change mentioned
above tends to dominate.

Figure 4: Average Hours Worked over the LifeCycle
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2.4.1 The impact of Income redistribution

When one has to evaluate the welfare implications of policy interventions across agents, there is
still some disagreement about the method to be used. In this subsection, I take a stand on a spe-
ci�c social welfare function in order to assess the welfare implications of a income redistribution
policy, which progressively taxes labor income to �nance lump-sum transfers to all individuals
in the economy that are out of jail. The idea of this experiment is to investigate whether such
a policy can be thought as an alternative to further expenditures on police protection. The
function used is based on an utilitarian social welfare function among all generations currently
alive in the steady state. Under this criterion, well-being of the heterogeneous population is
aggregated by the weighted sum of individual utilities. In particular, given the decision rules
ga;t(!t) and gh;t(!t) and the invariant cross-sectional distribution �t(!t) of the generation t
across the states !t, the average steady-state utility for a policy arrangement � can be written
as:

SWF (�) =

TX
t=1

�t�1
Z



u(ct(ga;t(!t); gh;t(!t)); 1� gh;t(!t))d�t(!t) (2.11)

Table 7 shows the main results of the counterfactual experiment. To make things easier to
compare, it is shown in the third column of the table the results associated with an increase in
the expenditures on police protection by 0.1%, which was one of the experiments carried out
in the last subsection, and in the second column, I increase the lump-sum transfers up to the
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crime rate gets close to that obtained through greater police protection.25 It can be seen that,
even though the income redistribution policy entails bigger losses in terms of aggregate labor
and average income, it increases social welfare by more than four times as much as the change
in the law enforcement policy (4.3% as apposed to 1.1%).

Table 7: Impacts of income redistribution vis-à-vis law enforcement

Income redistribution Police protection
Crime rate 2.82% 2.74%
Aggregate Labor -0.61% -0.29%
Average income -0.42% -0.21%
Welfare (SWF ) 104.3 101.1

To understand the latter result, one should consider that more public-safety spending reduces
criminality by increasing the expected cost of engaging in criminal activities, whereas the redis-
tribution policy, according to the model, can reach approximately the same result by enhancing
the situation of low income individuals. However, the concavity of the social welfare function,
which measures the extent to which a dollar is deemed to be worth more to a poorer individual
than to a richer one, means that changes in consumption and labor for low income agents have a
larger impact on social welfare than for high income individuals. Therefore, a policy intervention
that makes poor agents better o¤ will have a much larger impact on SWF (�) in comparison to
one that does not a¤ect low income individuals�welfare.

It is worthwhile to note that the risk aversion parameter  governs the concavity of in-
dividuals�utility and, as a consequence, this parameter also governs the society�s aversion to
inequality.26 Therefore, it is intuitive that the larger ; the greater the welfare gains associ-
ated with the income redistribution policy tend to be. This happens not only because a higher
aversion to inequality entails that the aggregate welfare is even more sensitive to changes in
the allocation of poorer individuals, but also because a larger risk aversion parameter under-
mines individuals�willingness to engage in criminal activities, which lowers the cost due to the
transfers required to bring the crime rate down. Table 8 shows the welfare implications of the
redistribution policy and greater police force for alternative values of :

Table 8: Impacts of income redistribution for alternatives 

Income redistribution Police protection
Crime rate Welfare Crime rate Welfare

 = 2:25 2.26% 108.8 2.19% 102.1
 = 2:50 1.75% 113.6 1.66% 103.5

2.4.2 The stigma e¤ect of crime

Recall that the stigma e¤ect in the model, which has been kept constant at its benchmark level,
is measured by �: The lower �; the lower the likelihood of employment for an ex-convicted.
Given that government can partly control the level of stigmatization by, for example, handing
out criminal records to the employers or not, it can be seen as an alternative policy tool to �ght
crime. As a consequence, understanding how changes in the level of stigmatization a¤ect the
economy is important to guide the formulation of crime control policies.

Figure 5 shows the crime rate, recidivism and welfare by di¤erent values of �: It can be seen
that increases in the level of stigmatization have a twofold e¤ects on the economy. On the one
hand, they reduce crime by increasing the expected cost of incarceration. Indeed, the model
predicts that without this informal type of punishment, that is � = 1; the crime rate would
be nearly 6% as opposed to 5.65% obtained under the baseline calibration (� = 0:8); while a

25 In both cases, the greater expenditures are �nanced by progressive taxation on labor income.
26See Atkinson (1970, 1973) and Atkinson and Stiglitz (1980).
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decrease of 50% (� = 0:5) in the likelihood of employment for an ex-convicted is associated with a
fall in the crime rate by as much as 8.84%. These results are in line with theoretical arguments as
well as a large body of empirical evidence suggesting that the formal (governmental) punishment
that a convicted criminal is confronted with, constitutes only part of the whole penalty and that
the occurrence of (informal) �punishment� in the labor market by stigmatization can play an
important role in deterring crime.

On the other hand, even though stigma enhances deterrence of an unconvicted o¤ender,
it drives a stigmatized ex-convict towards recidivism as ex-prisoners face fewer opportunities
in the labor market. According to the Figure, an increase in the stigma e¤ect in relation to
its benchmark value of 12.5% (from � = 0:8 to � = 0:7) entails an increase in recidivism of
nearly 5.80%. When we assume no stigma (� = 1); the model predicts that 43% of ex-convicted
criminals end up committing crime again after leaving jail.

Figure 5: The effect of stigma on crime, recidivism and welfare
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An interesting result that come out from Figure 5 is that for lower levels of stigmatization,
the aggregate welfare, measured by (2.11), increases as � goes down, which is mainly due to the
fall in criminality. However, as � continues to decrease thereby raising the number of recidivists,
the aggregate welfare will eventually fall. To understand this �nding, recall �rst that recidivism
depresses the level of employment as ex-prisoners face lower probability of �nding a job and
thus imposes a cost on society. In addition, keep in mind that criminals are overall low income
individuals with a high marginal utility of income and, the bigger the stigma e¤ect, the worse
their situation because it changes the stochastic process that underlay the income paths of these
individuals. Thus, given that the social welfare function de�ned in (2.11) is more sensitive to
changes in the consumption-labor allocations of disadvantaged individuals than of richer ones,
we have that high levels of stigmatization can adversely a¤ect the social welfare as it increases
recidivism.

2.5 Conclusions

In this paper, I have studied a stochastic life-cycle economy in which individuals pick optimally
labor, life-cycle savings and whether to engage in criminal activities. The model mimics selected
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features of the US economy and takes special care in the assessment of the economic incentives
driving agents towards criminality. Simulations were able to match very closely the changes in
crime observed between 1980 and 1996.

The model replicates an important stylized fact that young, uneducated and unemployed
individuals constitute at-risk populations, being the crime rate within these groups way above
the average crime rate. The high incidence of crime among these individuals is due to their high
marginal utility of income, which makes them more inclined to take the risk associated with
illegal activities.

In addition, the model shows that greater police enforcement can account for the most part
of the fall in crime observed in the period, while inequality was the most important factor
promoting crime. This �nding motivated a counterfactual experiment in which I compare the
e¤ects of a income redistribution policy to those obtained through more public-safety spending.
I found that lump-sum transfers, �nanced by progressive taxation of labor income, can reduce
crime as much as greater police protection with much higher gains in terms of social welfare.
Intuitively, this happens because redistribution diminishes crime by enhancing the situation of
at-risk individuals as opposed to the law enforcement that increases the expected cost of crime.

I also investigated the e¤ects of harsher stigmatization on crime and recidivism. The �nd-
ings supports existing empirical evidence showing that the higher the level of stigmatization,
the lower the crime rate and the larger the number of recidivists. Moreover, I found that
harsher stigmatization can be socially ine¢ cient as it negatively a¤ects the stochastic process
that underlay the income paths of criminals.

There are some dimensions in which the theory of crime studied is this paper can be enriched,
which is a goal of ongoing research. First, I want to investigate the consequences of allowing the
households in the model economy to engage in activities such as human capital accumulation
that change the labor income paths of individuals. Second, in line with Castaneda et al. (1999),
I also aim to study the implications of altruism, which provides a reason for households to
accumulate signi�cantly larger amounts of wealth than those that are needed to maintain a
high standard of living during the life-cycle. This feature, along with the existence of lifespan
uncertainty, introduces another dimension of heterogeneity that can be helpful to better assess
the impacts of redistribution policies on crime.

It should be stressed that, even though the model developed in this paper is general and can
be used to study the patterns of criminality in di¤erent datasets, I did not seek to understand
the di¤erences in crime rates across countries. In particular, I did not compare the patterns of
crime in the US with those observed in Brazil. This is so because, besides the limited availability
of panel datasets about crime for the Brazilian economy, there are large di¤erences in the way
crime data are de�ned and collected as well as major di¤erences in reporting practices across
countries.
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Chapter 3

The Impact of AIDS on Income and
Human Capital

3.1 Introduction

In the time it takes to read this paper, more than 1600 people will become infected by the HIV
virus worldwide and 960 will die due to AIDS. Seventy-one percent of the deaths will occur in
Africa, by far the worst-a¤ected region. Out of the 39 million persons estimated to be living
with HIV/AIDS in the world, almost 65 percent live in Sub-Saharan Africa1. Worse still, of
the 5 million adults and children newly infected with HIV, 4 million are Africans, an indication
that the epidemic may not yet have reached its peak. In some countries, such as Swaziland, one
out of 3 adults is infected, and the �gures for Lesotho, Botswana and Zimbabwe are not much
di¤erent. By the end of 2005, there were 10 countries in Africa in which more than 10 percent
of the adult population was infected with HIV, and another �ve countries with infection rates
between 6 and 8 percent.

It is clear today that AIDS is not only a health disaster, but a major development crisis.
There is now a large array of papers, books and newspapers articles dedicated to the study
of the economic consequences of AIDS in Africa (and elsewhere). The majority of them are
case studies from household or hospital surveys, from �rm or plant level evidence and from
government reports.

The present paper explores two channels from HIV/AIDS to long-run income that has not
been su¢ ciently stressed by the literature: the reduction of the incentives to study due to shorter
expected longevity and the reduction of productivity of experienced workers. According to the
World Population Prospects (United Nations, 2001), life expectancy at birth in the 35 highly
a¤ected countries of Africa was estimated to be, in 1995-2000, 6.5 years less than it would have
been without AIDS. In Botswana, life expectancy went from 60 years in 1985 to less than 40
in 1999 while in countries such as Swaziland, Zimbabwe, Zambia and South Africa it decreased
in the same period by more than 10 years. When comparing to 2015 projections (U.S. Census
Bureau, 2004) the picture is even more dramatic, as life expectancy with AIDS in Botswana,
34.7, is less than half of what it would be in a scenario without the epidemic.

The impact of longevity on development and education has been, recently, the object of a
large number of studies. In Soares (2005), Khakemi-Ozacan, Ryder and Weil (2000), Boucekkine,
de la Croix and Licandro (2002) and Ferreira and Pessôa (2007), we see that in one way or
another, longer lives allow for extension of the population working life and, consequently, an
increase in the present value of the �ow of wages of a given investment in education. Higher
returns to education in turn induce individuals to stay in school longer, increasing average human
capital of the population, with a potential e¤ect on long-run income.

1All the �gures in this paragraph are from UNAIDS (2006).



60

The reduction of productivity of infected workers attracted considerable more attention.
That is so not only because workers in poor health are unable to perform at usual levels, but
because absenteeism due to illness. Case study in Burkina Faso, for instance, found that net
revenues from agriculture production in Aids-a¤ected household usually decrease by 25 to 50
percent (Guinness and Alban (2000)).2 This study has also evidence of reduction in agriculture
output in AIDS-a¤ected households in Zimbabwe, which goes from 61% in the case of Maize to
29% in the case of cattle.

We use these facts to motivate an arti�cial economy where individuals live for three periods,
may get infected in the second period and with some probability die of Aids before reaching
the third period of their lives. Parents care for the welfare of the future generations (and
their longevity), so that they will maximize lifetime utility of all future generations in their
dynasty. Those with the HIV virus may receive or not medical treatment, and infected treated
individuals are more productive than those that receive no medical attention (but less so than
healthy agents) and have a larger chance to survive to the third period of his life. Motivated
by the empirical studies of Neal and Johnson (1996) and Keane and Wolpin (1997), we assume
that children�s education depends on the parental human capital investments. The reduction
in longevity due to Aids decreases total funds - there are less inter-generational transfers, for
instance - available for education, saving and consumption. Parents spend less time helping
the education of their children, so that schooling falls when compared to a non-Aids situation.
Moreover, if the life expectation along the dynasty decreases, incentives to invest in the future
generations will also fall.

This all will have a direct impact on output, as human capital is a factor of production.
Moreover, the marginal productivity of capital decreases with the reduction of education, a
complementary input. As savings and physical capital investment are endogenous in this model,
they will both fall in equilibrium, further reducing output. Additionally, Aids also have a direct
impact on aggregate output as HIV positive workers are less productive and also because many
workers die at their productive peak, increasing the proportion of less e¢ cient workers in the
labor force.

This model is used to simulate the long-run impact of the HIV/AIDS epidemics in Africa3.
The model predicts that a country with adult infection rate of 20% such as South Africa, will be
18 % less productive than it would be without HIV/AIDS. The most a¤ected countries will be
in the future, on average, a quarter poorer than they would be without AIDS. This estimated
decrease in per capita output is well above previous estimates. The model also �nds that, in
the long run, human capital could fall, in some cases, to two thirds of the levels observed before
the epidemic. On a positive note, simulations show that the overall impact on incomes and
education could be signi�cantly reduced if medical treatment is extended to most of the infected
population.

The �ndings of this study are, to say the least, extremely worrisome. It indicates that
the current catastrophic situation in Sub-Saharan Africa, or in any country where HIV/AIDS
reaches similar levels, is not yet at its peak. We are already observing a decline in school
enrollment in a¤ected areas. According to the 2002 Report on the Global HIV/AIDS Epidemic
(UNAIDS (2002)), in Central African Republic and Swaziland it fell by 20-36 percent, and in
parts of KwaZulu-Natal Province in South Africa, the number of pupils attending the �rst year
of primary school was 20 percent lower in 2001 than in 1998, and economic hardship was the
major factor. In Kenya and Tanzania, gross primary enrollment rate fell, between 1980 and
1997, from 115 percent to 85 percent and from 93 percent to 67 percent, respectively (UNAIDS,
2000). This is consistent with the channel stressed by our model. Moreover, Hamoudi and

2Guinness, L and A. Alban, 2000, The Economic Impact of AIDS in Africa, A Review of the Literature,
(UNAIDS background Paper for the ADF 2000).

3Erosa, Koreshkova and Restuccia (2007) use a similar model to investigate the impact of human capital
investment on cross-country di¤erences in total factor productivity and in the variation in per-capita incomes
across countries.
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Birdsall (2004) provide econometric evidence, using Sub-Saharian African countries data, that a
fall of life expectancy at birth of 10 years is associated with a reduction of 0.6 years of education.
On the same topic, Soares (2006) presents micro-level evidence on the e¤ect of adult longevity
on schooling. Using data from the 1996 Brazilian Demographic and Health Survey he shows
that higher longevity is systematically related to higher education attainment.

There is currently a small but active literature on the economic impact of HIV/AIDS at
more aggregated levels. Cuddington (1993) and Cuddington and Hancock (1994) use modi�ed
versions of the Solow model in which fractions of the annual AIDS-related medical costs are
�nanced out of savings. Haacker (2002) simulates a similar model for 9 of the most a¤ected
African economies. In all these papers the estimated impact of the epidemic on per capita GDP
was found to be very modest, a long-run decline of 0 to 3 percent in most cases. Arndt and
Lewis (2000) simulate a CGE model in which AIDS a¤ects TFP, labor productivity and public
expenditures. They estimate that income per capita in South Africa will fall by 8 percent until
2010, and, not surprisingly, half this fall will be caused by reduced savings as by assumption
infected individuals do not save.4

Three recent contributions related to our study are Young (2005), Bell, Devarajan and Gers-
bach (2006) and Corrigan, Glomm and Mendez (2005). The �rst paper �nds very little impact
of AIDS/HIV. This is so because the population decrease o¤sets the detrimental impact on the
human capital accumulation of orphaned children, so that the AIDS epidemic enhances future
consumption prospects in South Africa. Note, however, that by working with a Solow model of
capital accumulation the article forces a large impact of fertility decreases, as long-run income
is a negative function of population growth rate. In a more complete general equilibrium model
such as the neoclassical growth model (or our simple OLG model), where saving is endogenous,
income in the long-run is a function of the capital-labor ratio, so that decreases in population
brings about an adjustment in capital stock. Furthermore, AIDS epidemic a¤ects age-population
distribution in an unequal way. It is true that AIDS brings about a reduction in population,
but individuals at advanced ages tend to be more a¤ected than young ones. In some countries
in Africa, in which life expectancy is very low, individuals do not reach the more productive and
experienced stage of their lives5. Thus, in a life cycle model, in which age-population distribu-
tion tends to play an important role, the increase of the marginal productivity of labor due to
the reduction of population tends to be o¤set by the fall of the share of experienced workers.
This is the reason that in our model changes in the population growth rate have a very small
impact on output.

Bell and coauthors also focus on the impact of the disease environment on human capital
transmission mechanisms from parents to children in a model calibrated to South Africa. Parents
may die, a¤ecting the amount and quality of child-rearing and also the funds necessary to pay for
formal education, which is the only form of investment. Results are such that the economy could
shrink to half its current size in four generations. A similar model is also found in Corrigan,
Glomm andMéndez (2005), which adds physical capital accumulation. In this model parents care
for the consumption of their children (and not welfare as in ours) and HIV infected individuals
die for sure in the third period of life and are less productive in the second. They �nd an impact
much smaller than that in Bell, Devarajan and Gersbach (2006).

The remainder of the paper is organized in four sections. In the next section the theoretical
model is presented and in Section 3 we discuss the calibration and measurement procedures. In
Section 4 the results are presented while Section 5 concludes.

4Other noteworthy references are Bloom and Mahal (1997), Bonnel (2002) and Dixon, McDonald and
Roberts(2000).

5Also, the death of experienced workers, especially teachers, a¤ects the intergenerational transmission of
knowledge.
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3.2 Economic Environment

This economy is populated by overlapping generations of people who live for three periods
and are altruistic toward their descendants. In the �rst period of life, "children", individuals
spend all their time in school. In the second period, "young adult", they work, save and decide
the human capital of their kids, by choosing the number of hours they will dedicate to their
education. In the last period of life, "experienced adult", individuals only work and choose
optimally a bequest, which is received by the young adults.

A fraction � of young adults �nds out in the beginning of this period of their life that they are
infected by HIV virus. These individuals then decide if they will start treatment or not, whose
costs are exogenously given and may be partially or totally subsided by the government. The
probability of surviving to the third period of life increases with the treatment. The productivity
decreases if workers get infected and decreases even further if they are not getting any medical
care. If their parents die of aids (or by any other reason) young adults do not receive the
voluntary bequest.

All decisions in this economy are made by the parents, who care about the welfare of their
children. Formally, this means that they will maximize lifetime utility of all future generations
in their dynasty.

Hence, parents will take into account expected utility of future members of their dynasty
when deciding bequest. In this case, the larger the bequest, the more time young adults could
dedicate to the education of their children. If parents die prematurely, leaving no bequest, the
disposable income of their young adults son/daughter decreases, so they will spend more time
in the labor market and less at home helping the education of the kids.6 Hence, the higher
the infection rate and consequently the lower life expectancy, the lower will be the education
of the next generations, everything else equals. Formally, we assume that human capital of an
individual of the next generation, h0, follows:

h0 = 
(nh)�; (3.1)

where 
 and � are constants, n the time parents spend with their children and h is the human
capital of parents.

Human capital accumulation occurs outside the labor market. However, in order to obtain
a realistic wage pro�le, we assume that productivity increases along the life cycle, so that
productivity of young adults, �2; is smaller than that of experienced adults, �3. We also posit
that a HIV positive worker is less productive than otherwise, but that medical expenses enhance
the productivity of infected workers.

We assume that parents also care about how long each child will live, in such a way that the
discount factor applied to children�s welfare is a function of their expected life expectancy. This
captures the idea that parents are altruistic but the parental human capital investment may be
in�uenced by the o¤spring�s expected life expectancy since it may a¤ect the expected return on
that investment.

The model, hence, emphasizes two channels from HIV/AIDS to long-run income, the reduc-
tion of longevity and the reduction of productivity. Moreover, the fact that infected individuals
die in the peak of their productivity will also impact aggregate output.

The key di¤erence among individuals is whether they were infected or not in the second
period of life and, �nding themselves with the HIV virus, if they receive medical care or not.
The probability of surviving to the third period of life of a healthy individual, �H ; is larger than
that of an infected-treated individual, �IT ; which, in its turn, is larger than that of an infected-
non-treated individual, �IN : These exogenous probabilities will allow the model to match the

6We assume that assets left by parents who die of AIDS are distributed equally as involuntary bequest across
all living individuals. This will simplify considerably calculations and simulations, but in most cases the assets of
HIV positive individuals are very small, so that results are not a¤ected decisively.
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observed life expectancy of di¤erent countries.

3.2.1 Decision problem of households:

Pa) Healthy individuals:

The problem of a healthy individual is to optimally pick savings, a; bequest, b0; human capital
of their children, h0 and the fraction of the time they dedicate to their children learning, n; in
order to maximize:

VH(h; b) = u(c2) + �f�H [u(c3) + EV (h0; b0)] + (1� �H)EV (h0; 0)g (3.2)

subject to his/her second period budget constraint:

c2 + a = (1� �)(1� n)wh�2 + (1 + r)b+ �; (3.3)

third period budget constraint:

c3 + b
0 = (1� �)wh�3 + (1 + r)a+ �; (3.4)

and the law of motion of human capital:

h0 = 
(nh)�;

where � is the discount rate with respect to his/her own future and  the discount factor applied
to children�s welfare.

In the second period of life net income from labor, (1 � �)(1 � n)wh�2; and voluntary and
involuntary bequest ( b and �, respectively) are split between consumption, c2; and savings,
while total time is divided between work and child rearing. In the third period of life, income is
divided between consumption, c3; and voluntary bequest. We assumed that government taxes
labor income to �nance the subsidy to AIDS treatment.

The expected welfare of the children is:

�HEV (h
0; b0) + (1� �H)EV (h0; 0); (3.5)

given by the sum of the utility EV (h0; b0) in the case the parent survive to the third period of life
and so leaves a bequest b0 - multiplied by the survival probability �H - and the utility EV (h

0; 0)
in the case the parent dies prematurely (and so the son/daughter gets no bequest) multiplied
by (1� �H); the mortality risk of a health individual.

The �rst component, EV (h0; b0); is given by:

EV (h0; b0) = (1� �)VH(h0; b0) + �maxfVIT (h0; b0); VIN (h0; b0)g (3.6)

The �rst term to the right-hand side is the probability of the son/daughter not getting
infected multiplied by his/her welfare in this case. The second term is the product of the
probability � of getting infected and the best option, in terms of welfare, between choosing to
be treated or not.

The second component of the expected welfare of the children, EV (h0; 0); follows exactly the
same logic of EV (h0; b0), only that no bequest is left to the son because the parent died (from
other causes than AIDS).
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Pb) HIV positive individuals, "treated":

The problem of HIV positive individuals is similar. However, he/she will �rst choose to be
treated or not, depending on VIT (h0; b0) being larger or smaller than VIN (h0; b0).

If individuals are receiving medical care, their problem is such that they chose h0; b0; n; a in
order to maximize:

VIT (h; b) = u(c2) + �f�IT [u(c3) + EV (h0; b0)] + (1� �IT )EV (h0; 0)g; (3.7)

subject to:

c2 + a = (1� �)w(1� n)h�2T + (1 + r)b+ � � (1� s)m (3.8)

c3 + b
0 = (1� �)wh�3T + (1 + r)a+ � � (1� s)m
h0 = 
(nh)�,

where �2T (�3T ) is the productivity of the young (experienced) adult in this case, m the cost of
the medical treatment and s is the government subsidy. The relevant di¤erence in the budget
constraint with respect to healthy agents is that in this case agents spend in the second and
third period of life a �xed amount of their income in medication. The government may pay for
a fraction s of the treatment costs.

As just said, HIV positive individuals will choose between receiving or not receiving medical
care by comparing VIT to VIN : If the former is larger than the latter, they will choose to be
treated. In contrast, if m is too large with respect to his/her income or if s is too small, infected
individuals may prefer not to pay for any medical treatment, even if this increases the chance
of dying before the third period of life and decreases e¤ective labor.

Pc) HIV positive individuals, "non treated":

In the case in which HIV positive individuals do not receive medical attention, the problem is
similar to that of a treated individual, but now the (1 � s)m component is not present in the
budget constraint and productivity will be �2N and �3N ; assumed to be smaller than �2T and
�3T ; respectively. Of course, survival probabilities are also di¤erent (and smaller).

Finally, we assume, for simplicity, that the intergenerationtal discount factor  depends
linearly on the o¤spring�s expected life expectancy:

 = (1� �)�H + �[ �IT + (1�  )�IN ] (3.9)

The �rst term in the right-hand side is the product of the probability of not getting in-
fected, (1� �) ; and the survival probability �H ; which governs the life expectancy of healthy
individuals. The term in brackets gives the life expectancy of an infected individual: the frac-
tion of treated infected individuals,  ; times their survival probability, �IT ; plus the fraction of
non-treated individuals, (1�  ) ; times their survival probability �IN .7

This formulation is adopted here in order to capture the idea that parents care about the
welfare of their children but the parental human capital investment may be in�uenced by the
o¤spring�s expected life expectancy since it may a¤ect the expected return on that investment.8

3.2.2 Technology:

Output is produced with a constant returns to scale Cobb-Douglas technology:

Y = ZK�H1��;

7Thus, in the case of no HIV/Aids epidemic  is equal to �H: For larger infection rates �;  gets smaller.
8This idea is developed in Soares (2005) who provides rationality for that based on arguments from the

evolutionary biology literature.
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where Y represents output, K denotes physical capital services, H represents the aggregate
human capital services H and Z is total factor productivity. The problem of the �rms is
standard. They pick capital and human capital optimally and the �rst order conditions are
given by:

w = (1� �)ZK�H�� (3.10)

r = �ZK��1H1�� � � (3.11)

3.2.3 Equilibrium

Our analysis focuses on stationary equilibria.9 Let ! = fh; bg and �H(!) and �I(!); withR
d�H(!) =

R
d�I(!) = 1; denote the share of healthy and infected agents at state !:10

Given the policy parameter s; an equilibrium for this economy consists of value functions
fVH(!); VIT (!); VIN (!)g , policy functions fc2(!); c3(!); a(!); n(!); b0(!)g; 11 a share of treated
infected individuals  ; time-invariant measures of agents f�H(!); �I(!)g; accidental bequest
distribution �; a labor income tax � and prices fw; rg; such that:

1) fc2(!); c3(!); a(!); n(!); b0(!)g solve the dynamic problems Pa, Pb and Pc :
2) The individual and aggregate behavior are consistent:

K = �

Z
[�AbI(!) + �OaI(!)]d�I(!)

+(1� �)
Z
[�AbH(!) + �OaH(!)]d�H(!)

H = �

Z
f�A[1� nI(!)]hI(!)e2I + �OhI(!)e3Igd�I(!)

+(1� �)
Z
f�A[1� nH(!)]hH(!)e2H + �OhH(!)e3Hgd�H(!)

where �A and �O are the shares of young adults and experienced adults in the population,
respectively.

4) factors�prices are such that they satisfy the optimum conditions (3:10) and (3:11).
5) The share of treated-infected individuals  is given by:

 =

Z
Id(!)d�I(!)

where Id(!) = 1 8! such that VIT (!) > VIN (!); Id(!) = 0 otherwise.
6) The distribution of accidental bequests is given by:

� =
�O

�O + �A

�
�

Z
aI(!)d�I(!) + (1� �)

Z
aH(!)d�H(!)

�
7) The government budget constraint is satis�ed every period:

� =
� sm

wH
9 In some experiments, we will also analyze the behavior of the economy during the transition from an equilib-

rium to another.
10Of course, the share of healthy and infected agents in the population is (1 � �)

R
d�H(!) and �

R
d�I(!);

respectively.
11Note that for mature adults, the state variable is actually given by fh; a; h0g, so that we should write c3(h; a; h0)

and b0(h; a; h0): However, given a(h; b) and h0(h; b), we can write the policy functions of mature adults as c3(!)
and b0(!):
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8) The measure of agents in equilibrium is obtained by iterating on the distribution until it
converges to the invariant distribution.

3.3 Calibration

We calibrate our economy to some benchmark African nations. These countries were picked in
order to have a broad distribution of infection rates, life expectancy and medical expenditures.
Some parameters, however, will be common to all economies.

The period in our economic model has 21 years. We assume that there is a continuum of
individuals with mass one, which are split into childhood, young and experienced adults. The
mass of children and young adults are the same since it is assumed, for simplicity, that every
child reaches the adulthood. Thus, the shares of young and experienced adults in the population
are, respectively, given by:

�A =
1

2 + (1� �)�H + �
~
�I

and �O =
(1� �)�H + �

~
�I

2 + (1� �)�H + �
~
�I

where
~
�I =

R
fId(!)�IT + [1� Id(!)]�INgd�I(!):

One can see that as � goes up �A increases and �O decreases, so that this formulation entails
that as AIDS epidemic gets worse, the share of young and less productive individuals increases
and the average labor productivity in the economy falls. This variation can be in�uenced by

how many infected individuals are receiving treatment since it a¤ects the value of
~
�I :

Capital share is set to 0:37; in line with Gollin (2002), and the annual depreciation rate to
5%. The scale parameter Z of the production function was chosen in order to normalize the
wage rate w. Thus, we set Z = 1:75:

We set the relative risk aversion parameter � to 4.0. This value was picked because when
using smaller � a large number of infected individuals would choose not to be treated even
with subsidy close to one. This is so because with lower �; and high intertemporal elasticity
of substitution, individuals do not care for smoothing consumption and would rather consume
more today than spend money on treatment, even at increasing their risk of dying. However in
countries were treatment is entirely funded by the government (such as Brazil) the number of
HIV positive individuals that choose not to be treated is extremely small, close to zero. With
� = 4:0 all infected individuals will receive medical care.

We used an interest rate slightly above the U.S. annual interest rate - taking into account
the higher risk of African economies - as a target to calibrate the discount factor. Thus, the
annual discount factor was taken to be 0.98, corresponding to an annual interest rate in the
model without AIDS of about 7%.

Survival probabilities �H ; �T and �IN were chosen in order to match the life expectancy of
each type of individual in the model with those observed on data.12 To calibrate �H we used
the life expectancy observed in each country before the appearance of the AIDS/HIV epidemic.
In general, it means the life expectancy in 1980-85. In contrast, life expectancy in 2000-05
was taken into account to calibrate �IN : This procedure might overestimate the life expectancy
mainly in countries in which the coverage of AIDS treatment is high. However, if we take
into consideration that AIDS treatment started being carried out only recently in most African
countries, then our assumption works because it takes time for the e¤ects of AIDS treatment to
be felt by infected individuals. Finally, based on empirical evidence from Soloway (2008), life
expectancy increases, on average, about 13 years for those who start getting medication at the
�rst stage of the disease. Thus, we added this estimation to life expectancy in 2000-05 to obtain

12Data about life expectancy were taken from Unaids (2006).
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a value for �IT : In Table 1, we present the values of f�H ; �IN ; �IT g and the life expectancy that
was used in their calibration.

Table 1: Life Expectancy Parameters and Infection Rate

Botswana Zimbabwe Lesotho Swaziland South Africa
�H 1.00 (63.00) 0.87 (60.40) 0.80 (59.00) 0.69 (58.50) 0.95 (62.20)
�IN 0.18 (46.00) 0.07 (43.50) 0.02 (42.60) 0.00 (42.03) 0.28 (47.55)
�IT 0.77 (59.00) 0.69 (56.50) 0.61 (55.61) 0.42 (51.00) 0.89 (60.55)
� 0.37 0.27 0.285 0.388 0.215

We also show in the last row of Table 1 the infection rate used for each country in our simu-
lations. These values are based on the percent of adults estimated to be living with HIV/AIDS
according to UNAIDS (2003).

The parameters of the human capital production function are more di¢ cult to calibrate since
there is very diverse empirical evidence regarding to them13. We follow Kapicha (2005) and set

 = 1:0 and � = 0:45:

It is very di¢ cult to �nd reliable estimates of the medical cost of AIDS/HIV treatment for
di¤erent countries. The price of the same medication, for instance, may change from country
to country and labor cost also varies considerably. In 1999 the Brazilian Ministry of Health
(Ministério da Saúde do Brasil, 1999) �nanced a very comprehensive study on the subject. It
estimated the direct and indirect costs of various types of treatment (e.g., at home or in health
centers), at di¤erent hospitals and cities. As one could expect, costs vary a lot across hospitals
and locations, and in some cases the same type of treatment would be twice as expensive from
one place to another.

Given that there was information on the number of persons receiving each type of treatment
in each location, we used these estimates to calculate the annual average cost of AIDS/HIV
treatment per patient. We then divided this estimate by the Brazilian income per capita of the
same period. We found that, on average, total treatment cost represented 23% of the latter.
Hence, we set m to be 0.23 in every country of our sample, almost a quarter of income in the
no-Aids scenario14.

Finally, to calibrate productivity we set �rst v3 to be 50% larger than v2; which was normal-
ized to one. Remember that a period in the model represents 21 years, so that we are assuming
that productivity increases by 1.8% every year. The second step is to determine the reduction
in productivity due to AIDS when individuals receive or not treatment. There are not many
estimates in these cases. Part of the evidence on production and productivity reduction due to
AIDS comes from case studies. For instance, in Burkina Faso, net revenues from agriculture
production in AIDS-a¤ected household usually decrease by 25 to 50 percent (Guinness and Al-
ban (2000)). This study also has evidence of reduction in agricultural output in AIDS-a¤ected
households in Zimbabwe, going from 61% in the case of maize to 29% in the case of cattle.

There is also evidence from company level studies. One such paper is Aventin and Huard
(2000), who studied companies in Ivory Coast and found that for an HIV prevalence of 10
percent among these �rms�workers, costs related to HIV/AIDS could be as high as 10 percent
of the total labor cost.

Haacker (2000) uses these studies to calibrate the productivity reduction due to AIDS. In
this paper, it is assumed that an AIDS incidence rate among the workforce of 1% reduces total
factor productivity by 0.5%. This is the same as in Arndt and Lewis (2000) and Cuddington
and Hancock (1994), where productivity of workers with AIDS is reduced by one half. From

13See some empirical evidence in Browning, Hansen and Heckman (2000) and Trostel (1993).
14Of course, some components of total cost do not change proportionally with income, so that we may be

underestimating m, although wages and drug prices are certainly smaller in most African countries than in
Brazil. However, as we will see later, even in this case no agent chooses to acquire treatment without subsidy, so
that larger m would not change signi�cantly people�s behavior in the model.
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some of the evidence in the case studies, we �nd these values too high so that we decided for
conservative parameters. We set the loss of productivity to be 15% when individuals are under
medical care and 30% otherwise.

3.4 Results

The economic impact of the AIDS epidemic depends on whether or not the treatment of infected
individuals is subsided. Table 2 presents simulations for our sample of African countries, in the
cases of no subsidy ( s = 0), full subsidy ( s = 1) and when half of the expenses are paid by
the government ( s = 0:5): Without subsidy no individual chooses to receive treatment (as they
cannot a¤ord it) and the estimated long-run decrease of output per capita ( with respect to
the no-AIDS/HIV scenario) caused by the epidemic ranges from 42% in Swaziland, the most
a¤ected country in Africa, to 18% in South Africa.

These losses can be signi�cantly reduced as long as infected individuals get medical attention.
However, given that people cannot a¤ord all the cost of medication by themselves, nobody will
get treatment unless the government decides to subside it. In fact, when s = 1, all infected
individuals receive medication and the fall in output per capita ranges from 23.67% to 6.11%,
which is much smaller than that obtained when s = 0. Hence, instead of a fall of almost one
third in human capital accumulation in Botswana, we would observe a decrease of about 8%
(and less then half the reduction of output). Likewise, in Lesotho output losses are halved when
full subsidy is provided, and a major reason is that human capital jumps from 73 percent to 92
percent of the no-Aids scenario.

Table 2: Output, Human Capital and Infected Agents Treated

Output Human Capital Inf. Agents Treated
s = 0:0 s = 0:5 s = 1:0 s = 0:0 s = 0:5 s = 1:0 s = 0:0 s = 0:5 s = 1:0

Botswana 66.65 79.06 86.50 69.49 84.12 92.37 0.0 64.85 100.0
Zimbabwe 71.22 85.30 90.55 73.84 89.10 94.86 0.0 59.71 100.0
Lesotho 70.49 67.68 87.01 72.88 71.09 92.31 0.0 0.0 100.0
Swaziland 58.10 56.92 76.34 64.27 63.42 84.96 0.0 0.0 100.0
S. Africa 81.85 86.46 93.89 83.48 89.56 97.17 0.0 52.68 100.0

In Figure 1, we present the behavior of output (Figure 1a) and of the share of infected
individuals that receive medical care (Figure 1b) as we vary the amount of subsidy s provided
by government: As the results are similar, we only present those of Botswana and South Africa.
Output behavior is closely related to the number of infected individuals getting treatment, which,
in turn, depends on s. In fact, the greater is the subsidy for HIV-treatment, the higher is the
number of people receiving medical attention and the smaller is the fall in output per capita
due to the AIDS epidemic.

The reason for the results described above is that treated individuals are more productive
and have a smaller probability of dying. This has a direct impact on output, but also induces
more human capital investment, boosting long run income even more. Once again we �nd that
the impact of the disease can be signi�cantly reduced by government policy. Note that in these
two relatively well-o¤ nations, full subsidy is not necessary to induce medical treatment for the
entire infected population. The results in Figure 1 hints that governments should provide full
HIV-treatment since it not only relieves the su¤ering of infected individuals, but also improves
the performance of the economy.
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Figure 1a: Output (% of AIDS free case)
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Figure 1b: Infected individuals treated
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In Table 3, we investigate the isolated e¤ect on output of the fall in life expectancy and of
the reduction of labor productivity. The experiments were carried out by taking into account
only Botswana and South Africa data and by setting s = 1. As One can see in the Table, the
fall in output due to life expectancy is higher in Botswana than in South Africa. This is so
because the reduction in life expectancy in the former is greater than in the latter. Moreover,
in South Africa the reduction in labor productivity accounts for most output reduction and the
�pure life-expectancy e¤ect� is small, although this is not the case for many countries. In any
case, as previous studies have indicated, the reduction of e¤ective labor due to AIDS has very
important aggregate economic implications.

Table 3: Output per capita (% of AIDS free case)

Life Expectancy Labor Productivity Total
Botswana 93.22 92.07 86.50
South Africa 98.74 94.91 93.89

In Figure 2, we show the transition path of output per capita of Botswana between di¤erent
steady states. First, it is presented the transition from the steady state without AIDS to one
in which there is AIDS but government does not pay for the treatment. As soon as the steady
state with AIDS and s = 0 is reached, we assume that government start providing full subsidy
for infected individuals.

Note that it takes a very long time for the full impact of the epidemic to be felt, more than
200 years, although most output losses are observed in the �rst 4 periods, around 80 years. This
maybe the reason for which in some countries such as Botswana the observed income reduction
up to now is not as drastic as the long-run �gures we found in Table 2. In fact, with the
AIDS/HIV epidemic just starting its third decade, our model estimates a GDP loss of less than
10%. In the same fashion, output expansion after the introduction of public treatment is also
very slow. Hence, the timing of government intervention is key to minimize the losses caused by
the disease.
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Figure 2: Output per capita (% of AIDS free case)  Botswana
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As a robustness check, we show in Table 4 the results when  is constant: In this case, the
intergenerational discount does not depend on the o¤spring�s life expectancy and, as a result,
AIDS epidemic tends to have a smaller impact on human capital accumulation and on the
intergenerational transfer of wealth. Now, especially in the cases in which public subsidy is low,
the loss of output is smaller. It is only 25.48% in Swaziland, compared to 42% observed in the
previous case, when s = 0: Still a very relevant number, but smaller than that in our benchmark
calibration.

Note, however, that a larger number of infected individuals, especially in more a uent
economies, are able to pay for medical care. This is so because economies are richer now as
compared to the  endogenous case. One can see that even when s = 0:0; nearly 44% of
infected individuals in Botswana and 34% in South Africa would receive HIV-treatment. This is
a counter factual result, as even in developed countries the proportion of individuals obtaining
medical care becomes signi�cant only after governments start paying for the treatment. In fact,
people in most sub-Saharan countries are very poor and medication is so expensive that almost
nobody would be able to get treatment without government�s help. Therefore, the model in
which  depends on the o¤spring�s life expectancy seems to describe better individuals�decision
on medical care.

Table 4: Output, Human Capital and Infected Agents Treated -  = 1

Output Human Capital Inf. Agents Treated
s = 0:0 s = 0:5 s = 1:0 s = 0:0 s = 0:5 s = 1:0 s = 0:0 s = 0:5 s = 1:0

Botswana 82.40 85.98 88.77 88.65 92.62 94.93 44.12 88.69 100.0
Zimbabwe 83.29 88.44 93.15 86.02 93.18 97.98 0.49 68.61 100.0
Lesotho 82.84 88.53 92.70 87.91 91.87 97.39 0.34 70.18 100.0
Swaziland 74.52 84.84 89.12 86.91 92.81 95.15 0.0 85.56 100.0
S. Africa 87.45 91.21 94.87 92.85 95.82 98.01 34.05 77.81 100.0

In table 5, we carry out a sensibility analysis regarding to the relative risk aversion parameter
�; for the case of Botswana.15 The output fall is now stronger; it goes from 13.5% to 18%. This
result is mostly due to the changes caused by the fall in life expectancy, since the isolated impact

15Each entry in table 5 is such that (.;.)=(output in terms of AIDS free case; Infected individuals treated).
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of labor productivity is nearly the same. In fact, as opposed to the case of � = 4:0; in the model
with � = 3:0 when we modify the parameters of life expectancy (holding productivity constant)
only 67% of the infected individuals get medical treatment, so that the fall in output is greater
than that obtained with the benchmark calibration.

Note, however, that since s = 1:0 in both cases, everyone should get treatment: A reason for
this �nding is that when the intertemporal substitution rate 1

� increases, individuals care less
about the period of their life they consume, so they are not willing to spend even small amounts
of their income on medication. Thus, given that the probability of dying early is higher for
non-treated infected individuals, they may prefer not to take medication and consume as much
as they can at early stages of their life, something they will not want to do if the intertemporal
substitution rate is low.16 As said before, we �nd this result at odds with data (people do get
treatment when they do not have to pay for it), but in any case the fall in output is not too
distant from that of � = 4:0.

Life expectancy Labor Productivity Total

σ=3.0 76.65; 68.72 92.83; 100.0 82.11; 100.0

σ=4.0 93.22; 100.0 92.02; 100.0 86.50; 100.0

3.5 Conclusion

In this paper we use an overlapping generations model with education decision by parents to
study the long-run impact of the HIV/AIDS epidemic. Our results show that the life-expectancy
and productivity e¤ects are very strong and apparently dominate other channels that the literat-
ure has examined. Smaller expected productive life by future members of the dynasty represents
a reduction of the return to education investment and so also of the long-run level of human
capital. HIV positive individuals are also less productive, so that the spread of the disease have
a direct impact on output. This, in turn, decreases the return and consequently the equilibrium
level of physical capital stock and savings. The �nal result is a strong decline in output per
capita.

The introduction of these general equilibrium e¤ects is the main theoretical contribution of
this paper to the study of the economic consequences of the HIV/AIDS epidemic. Once they
are taken into account, their estimated impact on per capita income is away above previous
estimates. The model predicts that, on average, the group of countries where the epidemic
is stronger will be in the long run a quarter poorer than they would be without AIDS. The
simulations for Swaziland and Zimbabwe are even more dramatic.

Most of the countries where AIDS has spread dramatically are already extremely poor, so
their development prospects are even more pessimistic, especially if the current situation persists.
Moreover, HIV/AIDS is expanding rapidly in Eastern Europe and Central Asia, reaching some
of the most populous regions and countries in the world, such as China and India. In the latter,
close to four million people live with HIV. Hence, if the tragedy in Africa serves as a leading
indicator, in the near future there will be an economic, social and health disaster of unheard
dimensions in modern times, unless a much stronger prevention e¤ort at the global level is
launched.

However, our �ndings are not entirely pessimistic. Medical treatment can have a very positive
impact on income and education, by reducing the chance of dying from the disease and by

16Another way to think about this result is to take the probability of dying as a determinant of the intertemporal
substitution rate that an agent faces. Infected Individuals who do not get medication face a lower intertemporal
substitution rate than those receiving medical attention. Thus, if the intertemporal substitution rate derived from
their preferences 1

�
is low, which entails that they do not want to substitute consumption intertemporally, some

of them may prefer not to get treatment, even when they do not need to pay for that.
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boosting the productivity of HIV positive workers. In some cases, such as South Africa, the
income di¤erence between the full coverage scenario and one of no treatment at all �not too
distant form the current situation �is above 10 percentage points. This result hints that if not
only for purely humanitarian reasons ( e.g., decreasing the chance of dying as well as the pain
and su¤ering of large populations) the investment in widespread medical programs should be
consider also due to their large income return.



Bibliography

[1] Arndt, C. and Lewis. J.D. 2000. �The Macro Implications of HIV/AIDS in South Africa:
A Preliminary Assessment,�Draft, World Bank.

[2] Aventin, L. and Huard, P. 2000. �The Costs of AIDS to Three Manufacturing Firms in
Côte d�Ivoire,�Journal of African Economics 9(2): 161-188.

[3] Bell, C., Devarajan, S. and Gersbach, H. 2006. �The Long-run Economic Costs of
AIDS: A Model with an Application to South Africa�, World Bank Economic Review, 20:
55-89.

[4] Bloom, D. E. and A.S. Mahal 1997. �Does the AIDS Epidemic Threaten Economic
Growth?,�Journal of Econometrics 77(1): 105-124.

[5] Bigsten, A., et alli 2000. �Rates of Return on Physical and Human Capital in Africa�s
Manufacturing Sector,�Economic Development and Cultural Change 48(4): 801-27

[6] Bonnel, R. 2000. �HIV/AIDS: Does it Increase or Decrease Growth in Africa?�, Mimeo,
World Bank.

[7] Boucekkine, R., D. de la Croix and O. Licandro, 2002. �Vintage Human Capital,
Demographic Trends and Endogenous Growth,� Journal of Economic Theory, 104(2): 340-
375.

[8] Browning, M., Hansen, L.P. and Heckman, J.J. 2000. "Micro Data and General
Equilibrium Models". (in J.B. Taylor and M. Woodford, Handbook of Macroeconomics, vol.
1a, chapter 8).

[9] Corrigan, P., G. Glomm, and F. Méndez, 2005. "Aids Crisis and Growth,"Journal of
Development Economics, 77(2): 107-24.

[10] Cuddington, J. T. 1993. �Modeling the Macroeconomic E¤ects of AIDS, with an Ap-
plication to Tanzania�The World Bank Economic Review 7(2): 173-189.

[11] Cuddington, J. T. and Hancock, J. D. 1994. �Assessing the Impact of AIDS on the
Growth Path of the Malawian Economy,�Journal of Developing Economics 43: 363-368.

[12] Dixon, S., S. McDonald and J. Roberts, 2000. �AIDS and Economic Growth: A
Panel Data Analysis,�Manuscript, The University of She¢ eld.

[13] Erosa, A., T. Koreshkova and D. Restuccia 2007. "How Important is Human Capital?
A Quantitative Theory of World Income Distribution". Working Paper, University of Toronto.

[14] Ferreira, P.C. and S.A Pessôa, 2007. �The Costs of Education, Longevity and the
Poverty of Nations,�Review of Economic Dynamics, 10(3): 472-493.

[15] Gollin, D., 2002. �Getting Income Shares Right: Self Employment, Unincorporated En-
terprise, and the Cobb-Douglas Hypothesis,�Journal of Political Economy, 110(2): 458-472.



74

[16] Guinness, L and A. Alban, 2000. "The Economic Impact of AIDS in Africa: A Review
of the Literature". (UNAIDS background Paper for the ADF 2000).

[17] Haacker, M. 2002. �The Economic Consequences of HIV/AIDS in Southern Africa,�IMF
Working Paper.

[18] Hamoudi, A., and N. Birdsall. 2004. "HIV/AIDS and the Accumulation and Utiliz-
ation of Human Capital in Africa."In M. Haacker, ed., The Macroeconomics of HIV/AIDS,
Washington, D.C.: International Monetary Fund.

[19] Kalemli-Ozcan, S., H.E.Ryder and D.N.Weil, 2000. �Mortality Decline, Human
Capital Investment, and Economic Growth�, Journal of Development Economics, 62(1): 1-
23.

[20] Kapicka,M.,2006. "Optimal Income Taxation with Human Capital Accumulation and
Limited Record Keeping". Review of Economic Dynamics 9, pp. 612-639.

[21] Keane, M.P. and Wolpin, K. L. 1997. "The Career Decisions of Young Men". Journal
of Political Economy 105, 473-522.

[22] Ministério da Saúde do Brasil, 1999. "Estimativas dos Custos dos Tratamentos da
Aids no Brasil ", manuscript, http://www.aids.gov.br/assistencia/�pe/�pe.htm.

[23] Neal, D. A., and Johnson, W. 1996. "The Role of the Premarket Factors in Black-Write
Wage Di¤erences". Journal of Political Economy 104, 869-895.

[24] Soares, R., 2005. �Mortality Reductions, Educational Attainment, and Fertility Choice�,
American Economic Review, 95(3): 580-601

[25] Soares, R. 2006. "The e¤ect of Longevity on Schooling and Fertility: Evidence From the
Brazilian Demographic and Health Survey,"Journal of Population Economics, 19(1): 71-97.

[26] Soloway, B. 2008. "Life Expectancy on Antiretroviral Therapy: Dramatically Longer,
but Still Not Normal", Journal Watch General Medicine, August 5.

[27] Trostel, P.A. 1993. "The E¤ect of Taxation on Human Capital". Journal of Political
Economy, 101, 327-350.

[28] UNAIDS, 2000. "Report on the Global HIV/AIDS Epidemic".

[29] UNAIDS, 2003. "Report on the Global HIV/AIDS Epidemic".

[30] UNAIDS, 2006. "Report on the Global HIV/AIDS Epidemic".

[31] United Nations, 2001. �World Population Prospects: The 2000 Revision,�New York,
NY.

[32] U.S. Census Bureau, 2004. "The AIDS Pandemic in the 21st Century".

[33] Young, A. 2005. "The Gift of the Dying: The Tragedy of AIDS and the Welfare of Future
African Generations."Quarterly Journal of Economics, 120(2):423�466.


	The Effect of Social Security, Health, Demography and Technology on Retirement
	Introduction
	Retirement Facts
	The model
	Demography
	Preferences
	Individuals' problem
	Government
	Technology
	Equilibrium

	Data and calibration
	Demography
	Preferences and technology
	Individual labor productivity
	Medical expenses and Medicare
	Social Security and Taxation

	Results
	Benchmark Economy
	Counterfactual Exercises

	Conclusions

	Labor Supply, Criminal Behavior and Income Distribution
	Introduction
	The model
	Demography and preferences
	Budget constrains
	Recursive formulation of individuals' maximization problems
	Technology

	Data and calibration
	Demography
	Preferences and technology
	Age-education efficiency profile
	Transition probability matrix
	Crime data and law enforcement parameters

	Results
	The impact of Income redistribution
	The stigma effect of crime

	Conclusions

	The Impact of AIDS on Income and Human Capital
	Introduction
	Economic Environment
	Decision problem of households:
	Technology:
	Equilibrium

	Calibration
	Results
	Conclusion


