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Abstract

We are concerned by the dynamic demographic andoetic consequences of epidemics,
and to this end, we consider a general overlapgamgrations model which allows for several
epidemic configurations. People live for three pési, successively as children, junior adults
and senior adultsA junior adult has an exogenous number of childagw is perfectly
altruistic in that is he only cares for the survVigé his children and the social position they
will get. He invests in his own health and eduaatiand in the health and education of his
children. Because we take into account both amidl adult mortality, we are in principle able
to investigate the implications of epidemics fory aage-mortality profile. First, we fully
analytically characterise the short run and long @aonomic and demographic properties of
the model, which allows us to do the same for tis¢ridutions of human capital and thus
income. Second, we analyse the consequences gbasitel long epidemics in two polar
cases: an epidemic hitting only children Vs an epict only killing adults. Both are shown
to have permanent demographic and economic effectontrast to epidemics only killing
children, ‘adult’ epidemics are additionally showm distort the income distribution in the
medium run, creating more poverty. Such distrilnalceffects vanish in the long run.

To analyse the medium term effects of HIV/AIDS, assume that the epidemic hit junior
adults, increase the number of deaths among chiland reduces fertility. Then, we show that
the size of the total population will decreasehe tmedium term, and that the share of the
active population in the total population will aldower. In the active population, the
proportion of people with a high level of human italpwill decrease and the proportion
holding a low level of human capital will increasenally output per worker and per capita
will decrease.
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1. Introduction

Though the study of the economic effects of epidenhias always been of interest to many
economists (see for example Hirshleifer, 1987),nttwge recent HIV/AIDS pandemic and its
apparent massive demographic effects, especialsumSaharan Africa, has suggested an
exceptionally abundant empirical and theoreticaneenic literature. Unfortunately, there is
no common view of either the short or long run @mences of such an epidemic on
economic growth so far.

On an empirical ground, the impact of AIDS on ecaiogrowth has been investigated in
many studie¥ Using cross-country data, Bloom and Mahal (19€@)l a statistically
insignificant coefficient on the AIDS variable aodnclude that AIDS has had little impact on
growth. The explanation seems to be that, by kjlllarge numbers of people, AIDS is
reducing population pressure on existing land amital, thus raising labour productivity. It
is possible that the 1980-1992 period examinedhig study is too early in the epidemic to
fully assess the effect of AIDS on growth. Howewemnore recent paper by Young (2005)
comes to the even stronger conclusion that the AdpiElemic will increase the per capita
consumption and output of surviving people overléwels, which would have been reached
without the epidemic.

On the other hand McDonald and Roberts (2006) amphyilar but more elaborated
econometrics than Bloom and Mahal to the more tepeniod 1984-1999. These authors
work with an elaboration of the Solow model whereduction uses four factors: labour,
physical capital, health capital and education tehpihis model is estimated on a panel of
112 countries, over the period 1960 to 1998, with tlata observed at 5 yearly intervals.
Health capital per capita is measured by the kigeetancy at birth or by the infant mortality
rate. Both measurements give similar results. Tuthoas conclude to a strong effect of the
stock of general health on average income in dewsjocountries. Average health itself
depends on HIV/AIDS prevalence and the proportibpapulation at risk of malaria. They
conclude that the marginal impact on income pertaayd a 1% increase in HIV prevalence
rate is minus 0.59% in Africa.

Such a disagreement on the growth effects of A& 30 apparent in the empirical literature
which studies the impact of the Spanish flu (seeekcellent work of Brainerd and Siegler,

2003), and we will see that it goes with a simdecrepancy in the related theory.



However, disagreement does not extend to the dexpbmr effects of AIDS in the medium
term. HIV/AIDS primarily affects the most produativage group of men and women between
15 and 49 years—the main breadwinners and headsow$eholds raising families and
supporting the elderly—and their children. All sesl conclude that the total population of
countries severely hit by AIDS will be much lower20 or 25 years than if the epidemic had
not taken place. Figure 1 (United Nations, 2004sents the projected population size from
1995 to 2025, taking into account the demographjeaict of AIDS as well as the hypothetical
projected population without AIDS, for the 38 masfected African countries. In 1995, their
population stood at 553 million, 6 million less tha would have been without AIDS. By
2025, the population of these 38 African countuds reach 983 million, that is, 156 million
(or 14 per cent) fewer than without AIDS. This nienban be decomposed between 98 million
additional deaths between 1995 and 2025, and SBomithildren who will not be born
because of the early deaths of women of reprodeieige. In the most severe case, Botswana,
where currently more than one in three adults ¥ plisitive, population is expected to decline

within the next few years

Death affects more the adult population of workagge than younger or older populations.
However, the same study by the United Nations wrifg@proximately one fourth to one third
of children born to HIV-positive women are likelyg aicquire infection from their mothers.
Paediatric HIV infection is expected to have a safisal impact on mortality during infancy
and childhood, particularly among older childrebdze age one)... Children who acquire the
HIV virus from their mothers during childbirth ordast feeding usually do not survive long
enough to enrol in school.... Children die young frafiV owing to mother-to-child
transmission and to the weakened ability of inféateothers to care for their infants and
young children”. Cohen (1998) notes: “Child mottatates are already higher today than they
would have been without AIDS in some high prevadeocuntries. Thus child mortality rates
are estimated as being 75% higher in Botswana®6.1By the year 2010 child mortality rates
are expected to be twice as high in Botswana, dgigreater in Zimbabwe and about twice as
high in Zambia and Malawi” (Figure 2).

Finally, Figure 3 (United Nations, 2004) displape tage pyramid of Bostwana, the country
with the highest adult HIV prevalence, in 2000 asdprojected for 2025, with and without

3 For an excellent review see United Nations (2004).
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AIDS. In 2000, the impact of AIDS on the age staetof Bostwana’s population is still
mild. But by 2025, more than half of the potenpalpulation aged 35-59 would have been
lost to AIDS. In comparison, one third of the paiidn aged less than 15 years old is
expected to be lost to AIDS. Cohen (2002) notes fitraMalawi one of the most important
consequences of AIDS is a change in the age pyrafitite population, with a narrowing of
the distribution in the working age population, andonsequent problem with respect to age

dependency, with larger numbers of youthful an@dyddependents.

At the theoretical level, the discrepancy in tivaleation of the effects of an epidemic on
economic growth is especially neat in the benchngadwth models, as clearly reflected in
Barro and Sala-I-Martin (1995), chapter 5. Two niedee considered in this chapter. Both
use two production factors: physical capital andnhn capital. The economy is on a
reference balanced growth path when an epidemichwbkes place at date 0, destroys a part
of the human capital, but leaves physical capitidt. In the first model, the sector producing
the human capital uses the same technology astter producing consumption goods and
physical capital; it is therefore a one-sector nhadewever, investments in both factors must
be non-negative (irreversibility). Then the epidemreates an imbalance between the two
factors. The economy reacts by setting the investnmephysical capital to zero, but also by
reducing households’ consumption. The correctiorthef imbalance and the reduction in
consumption increase the growth rate of the praoduocof the physical good above its
reference value. Of course, this growth rate wdtlthe monotonically over time until it
reaches its initial value.

The second case considered by Barro and Sala-isMarthe celebrated Lucas-Uzawa model
(see for example Lucas, 1988). Education, theos@ebducing human capital, only uses this
factor as input. The production of consumption gaod physical capital uses both factors.
Then, an epidemic increases the scarcity of hurapnad, and the wage rate. The high cost of
operation for the education sector will motivateple to allocate human capital to production
of goods, rather than to education, the sectorghaduces the relatively scarce factor. This
effect tends to retard the economy’s growth ratee growth rate of gross output (including
the production of new human capital) will decreasé¢he time of the epidemic, then it will

increase monotonically over time until it reachisgeference value.



Hence, the predictions of the two-sector modelelmynomic growth are exactly the opposite
of those of the one-sector prototype. Incidentdhg, latter delivers the same prediction as the
even more standard Solow model. In such a model,ritial effect of an epidemic is to
increase the amount of capital per worker and dypu worker. After the initial shock, the
economy will gradually converge back to its steathte, and the growth rate of output per
worker will be less than its steady state valuerduthis transition. Despite the divergent

predictions, all these textbook models have somenton characteristics:

(1) The disembodied nature of human capital

All the models listed above consider that humartahpvhich aggregates the education
level of the population and sometimes its healttust is similar to physical capital.
However, human capital (education and health) idbagied in individuals, inducing
possible big differences concerning the mechansinisvestment in physical capital. For
instance, the death of a child or an elderly hagffect on the level of the human capital
used in production. Its economic effects will beywaifferent from the death of workers in
their twenties or thirties, which brings the destion of human capital progressively

brought up in them through child rearing, formalieation and learning on the jbb

(i)  Theimportance of parental decisionsin education and health expenditures

Another specificity of the human capital (educatamd health) is that the amount of it
embodied in a person strongly results from decssitaken by his parents. Bowles and
Gentis (2002) quote a series of empirical resutstlie United States. A son born in the
highest income decile has a probability of 22.9%réach the same decile and a
probability of 2.4% to reach the lowest income tech son born in the lowest income

decile has a probability of 1.3% to reach the hsgjltkecile and a probability of 31.2% to

* Brainerd and Siegler make an interesting remarkclwihinfortunately they do not use in their quatitita
analysis: « In a typical influenza epidemic, thgarity of the victims are young children and thdezly, giving
the age profile of mortality a distinct ‘U’ shap&.distinguishing characteristic of the 1918 epidemvas that it
disproportionately killed men and women with agb4d 44, so that the age profile of mortality isstdollowed
a ‘W’ pattern. ... For both whites and non whites thale mortality rate for those ages 15 to 44 ekegd¢he
female mortality rate by 50-75 per cent in 1918;amtrast to the non-epidemic years in which thethieates by
gender are virtually identical. The death raterfon whites also exceeds that of whites, although\Wi pattern

characterises the age-specific death rates ofracts”.



reach the lowest decile. Grawe and Mulligan (2082)iew cross-country evidence
showing that countries with lower public provisiohhuman capital experience smaller
intergenerational mobility. For instance, less digved countries exhibit strong
intergenerational transmission. The connection betwthe absence of intergenerational
mobility and education is well documented. Bowlesl &entis show that this situation
can also be linked to the health of children, whightself a function of their parents’
income (see also Case, Lubotsky and Paxson, 2001).
One important implication of property (ii) is thelowing: when young adults die, not only
do they reduce the amount of labour and humanatagsed in production, but they also leave
orphans behind them. To show how this effect cadisastrous, we can quote the following
extract of an article published by The Economifi0@ ... one-in-ten sub-Saharan children
is now an orphan. A third of these are the resuAIDS. Orphaning rates above 5% worry
UNICEF because they exceed the capacity of locahnconities to care for parentless
children. So do places such as Zambia, where al@®%t of children are AIDS orphans....
Orphans tend to be poorer than non orphans, afadtéca higher risk of malnutrition, stunting
and death — even if they are free of HIV themsel@phans are less likely to attend school
because they cannot afford the fees but also becstep-parents tend to educate their own
children first”. Case, Pakson and Ableidinger (20Q#e interesting complements to this
view. Orphans live in foster families who discrirata against them and in favour of the
children of the family head. The probability of tbehool enrolment of an orphan is inversely
proportional to the degree of relatedness of thiel ¢b the household head. Gertler, Levine
and Martinez (2003) show that parental loss dodsoperate only through a reduction in
household resources. Parental presence, inclubdendpss of mentoring, the transmission of
values and emotional and psychological supportyspkn important role in investment in
child human capital.
The report by the United Nations (2004) adds thathealth and nutritional status of orphans
are also likely to suffer. In a study of 312 commties in 13 Indonesian provinces, it was
found that children whose mothers had died wereertikely to die than children who had not
lost a parent. Bereaved children were generally hesalthy than children whose parents had
lived. In a study of children’s health in the nevilestern United Republic of Tanzania, it was
found that adult deaths led to increased morbality reduced height for age of children under

five in the household. Finally the report noteshéTeffects of lowered investment in the



human capital of the younger generation will affeconomic performance over future

decades, well beyond the time frame of most econamalyses”.

Our paper deals with the economic and demograffacts of AIDS in the medium term that
is one generation after the time when the epidestaded and in a period when the number
of death has lowerédFew studies investigate this horizon, and préfeusing on the short
term or the long run. We will especially be inteeesby the modifications in inequality that
AIDS will induce in the medium term.

Our paper develops a discrete time, perfect fonestpdogenous growth model of a small
open economy which incorporates the two crucialeeisp of human capital formation
mentioned above. Hereafter, we shall take humaitatap the broad sense of educatemd
health. The demographic and economic propertieghef model are fully analytically
investigated, which is yet a contribution to therature as it will be clear in the next review
section. In our model, people live for three pesicgliccessively as children, junior adults and
senior adults. A junior adult has an exogenous raurnob children and is perfectly altruistic
that is he only cares for the survival of his creld and the social position they will get. He
invests in his own health and education, and inhgmdth and education of his children. The
probability for a child to reach a high level ofrhan capital is independent of the levels of the
human capital of his parent, under the condititvas he survives and that his parent survives
and is able to bring him up. Thus, we have elineadahe traditional channel of the cultural
heritage to focus on alternative channels whichkwitirough education and health and
investments in both. The probabilities of survieéla child and of a junior adult depend on
the amounts of money spent by the junior adulthfsrown human capital and for the one of
his children.

The credit market is incomplete: parents cannoanfae spending on their children by
borrowing against their higher expected income,cWwhwill result from this spending. So,
health and education spending and the probabibfissirvival will be low if parents are poor.

Moreover, if a parent dies and if his children beeoorphans, their probabilities of survival

® The United Nations report gives the estimated pmujected excess deaths due to AIDS in the 53 cesnt
where the rates of prevalence are the highest, 1@®0 to 2025. The number of deaths increases iatcegmasing
rate until 2003. Then it increases at a decreasitg, reaches a maximum in 2022 or 2023, and degsea
afterward.



will be lowered. Finally, we will assume that amploan has a lower probability to reach a high
level of human capital than a child brought upilsng parents.

An interesting feature of our paper is to distisfputhe mortality of children from that of
parents, each depending on specific education aatlhhspending. Investing in his children
human capital will increase their survival rate iutihey reach the age when they can
procreate, and so will contribute to increase tlwavth rate of population. Of course the ratio
between the active and inactive population thabesveen junior adults and children will
depend on the amounts of money spent on the edacatid health of these two kinds of
population.

Another feature of the paper is to consider a nemedsion of inequality, namely inequality
in front of death. Inequality between children Is@veral causes. First, the children of less
educated parents who have survived and who brigng thp have a higher probability of dying
before growing adults because their parents spesd bn their health and education.
Secondly, less educated parents spend less onaheireducation and health and have a
higher probability to die and to be unable to brthgir children up. Orphans have a higher
probability of dying young, and if they survive leéing less educated.

We shall define an epidemic as an increase in ¢a¢hdrate of a generation of people lasting
for only one period. We consider two kinds of epmies. The first one Kkills a given
proportion of children while the second kills a poation of junior adults. We shall show that
the two epidemics have completely different dynandemographic and economic
implications. Ultimately, we will build a relativelsimple but quite global economic theory of
epidemics with embodied human capital and withra@hensive accounting of inequality in
front of death.

The paper is organised as follows. The secondaseotiviews the related literature to clarify
our contributions. The third section presents thmdeh and its short run equilibrium. The
model has a property of decomposability. The elguilim values of the choices of the agents
can be computed first. These values contributbeadetermination of the sizes of the various
populations, but are independent of them. The lfosection is devoted to the transitory
dynamics and the long run equilibrium of demograpkiariables. The fifth section
investigates the economic and demographic effeice epidemic hitting either children or
junior adults. Then it tries to evaluate the mediemmns effects of AIDS by combining the
effects of these two kinds of epidemic and of auction in fertility. The sixth section

concludes.



2. Relation to the existing literature

There are several papers developing computablaaesgpiilibrium models to investigate the
effects of AIDS, and giving an important role tetimcrease in the number of orphans. For
example, Bell, Devarajan and Gersbach (2003) dpvelch a model applied to the South
African case. The authors emphasise the formatibrhumman capital and transmission
mechanism across generations and conclude to anegative effect of the epidemic on long-
run growth, with a large proportion of families atheir offspring falling in a poverty trap. So,

a transitory shock can have permanent effects.

A similar model was developed by Corrigan, Glomrd dendez (2004), who also conclude
that the growth effects of AIDS are large. The @eb investigated by the authors are to make
AIDS patients well enough to live more or less nakrand productive lives, which would
include being more able to care for their childrelowever, the authors conclude that such
policies such as changing subsidies for AIDS rdlateedical care have relatively small
growth effects. In their paper, children receiwdiféerent level of education if their parents are
healthy or ill. However, when they grow up and beecadult, the available human capital of
their cohort is reallocated in an egalitarian wayeen all its members. This redistribution,
which forsakes the assumption of embodiment ofitkiestment in education, simplifies the
simulation of the model, but contradicts the opsation program of the parents that does not
anticipate it. In the paper by Bell, Devarajan &@wtsbach children are ranked by increasing
human capital then divided into a finite numberctdsses. The reallocation of the human
capital occurs inside each of these classes. Tthesg authors approximate a continuous
distribution by a discrete distribution. As thispapximation can be as precise as desired, this

solution is more acceptable than the previous one.

Our paper takes a broader perspective: we are owtteby the dynamic and long run
demographic and economic consequences of epideamddp this end, we consider a general
model which allows for several epidemic configusas. In particular, because we take into
account both child and adult mortality, we are im@ple able to investigate the implications
of epidemics for any age-mortality profile. In orde derive fully analytical results, we shall

precisely tackle two polar cases: an epidemicrigitonly children Vs an epidemic only killing



adults. The comparison of these two cases willlboguent enough. Moreover, our treatment
of human capital formation meets the two cruciarelteristics outlined in the introduction
(roughly, embodiment and ‘paternalism’).

Finally it should be noted that the papers focusindAIDS usually comment on the changes
in the distributions of human capital and incomegploly following the epidemic although
they do not fully investigate them. The only theémed paper we know, which investigates the
links between health spending, mortality and thesipeence of inequality across generations,
is by Chakraborty and Das (2005). These authore Hasir analysis of the persistence of
poverty on the fact that poor parents invest lessheir own health and so have a high
probability of dying. Thus, they save little anéve to their children a small bequest if they
survive and a still smaller bequest if they diee Paper assumes that parents only care for the
health of their children if they are themselves/alivhen their children grow. However,
parents cannot buy annuities against the savingwlikleave in the case of their premature
death (so, in this situation, children get an unp&d bequest). An extension of the paper
introduces the possibility of investing, not ontythe health of parents, but in the education of
children too. The productivity of labour depends lmoth these investments. Nonetheless,
these authors do not consider investments in trattheof children nor their survival

probability.

3. Themode: behaviour of the agentsand temporary equilibrium

We consider a discrete time, perfect foresight dynamodel of a small open economy.
People live for three periods, successively agiodml, junior adults and senior adults. We will
start by examining the choices of a junior adulam given period denotetl In a second

paragraph we will describe the temporary equiliriof the model in this period. To ease the
exposition and to be able to bring out a fully ghehl characterization, we shall refer to a
single good, health care. The latter should bentakethe much broader sense of any

investment raising human capital (including edw3ti

3.1. Thechoices of ajunior adult

A junior adult enters periotl with an endowment in human capital Healthcare is the only
good existing in the economy. It is produced bynfr which use human capital as their
unique input and which operate under constantmstuNe will assume that the productivity

of human capital is equal to 1 and that firms ma&eprofit. Thus,h can also be interpreted



as the earnings of the agent. The agent sets\iiggsa and his investment in healthfor the

period, under the budget constraint
(1) h=s+l

Spending on health has an effect on the lifetimthefagent. His probability of being alive in

period t+1 (as a senior adult) igi(l). At the end of periodt the agent will have an
exogenous numben of children. Senior adults receive no wages. Tdgsumption will
simplify the model in directions that we are notymterested to investigate. The agent will
invest e,, in the health of each of his children. The proligtior each of them to be alive at
the beginning of period + 2vill depend on this investment. If the agent iwalin period
t+1 and can take care of his children, this probabiiill be A(e,,) . If he is dead and if his
children are orphans, this probability will kgi(e,,), with 0<c<c<1. The saving of the
agent in period, s, is lent on the international capital market & #xogenous and constant
capitalisation ratdR >1. The budget constraint of the agent in petied. is:

(2) Rs=ne,

We notice that the amount invested by the agetitarhealth of his children will be the same
if the agent dies or stays alive at the end ofqoeti. This investment is equal to the
capitalisation of the saving made in peritadlhe intertemporal budget constraint of the agent
is

(3) Rh=IR+ne,

To simplify the model we will assume that humanitdan take only two valuegi- and

h*, with: 0<h™ <h*. We will assume that a child who has living pasesndd who stays alive
has a probabilityp of obtaining a human capital 6f and a probabiliti— p of obtaining a
human capital of”. An orphan who stays alive has the probabitityf obtaining the high
level of human capital anti-q of obtaining the low level of human capital. Was@ame that

O<q<p=sl.

Our junior adult has the following utility functian periodt
(@) U =ni(e){m)v]p(h* -=h7)+h™ |+ [1- 7(h)]elath* -h ) +h |}
The junior adult is wholly altruistic. His utilitpnly depends on the expected human capital

accumulated by his children who will reach the adgk. If the junior adult reaches the age of
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senior adult, he will bring his children up, whiefil increase their probability of survival and

their expected levels of human capitdl” (Vh™) represents the satisfaction a child brings to
his parent when he reaches the adult age withetred bf human capitah® (h™). We assume
that V>0, When the child dies this satisfaction is 0. Wdl witroduce the following
notations

) r, =v|p(h* =h")+h|, r, =ueq(h* —h") +h"| andr =1, /r, -1.

The utility function of our junior adult in periotd becomes, after having removed a constant
multiplicative term,U E/](e+1)[77'(|)r +1]. r represents the premium in satisfaction brought by
children, when their parent stays alive, or if gmefers, the utility for parents of staying alive.
In this case, the probability of survival of eadhilad is higher (by a factod/c) and his
expected level of human capital is higher togis an increasing function of the inequality in
earnings,(h® —=h™)/h™, which is expected for the next period. In thiéof@ing exercises of
comparative static, we will assume thlatand r can change independently. Finally, our

junior adult must solve in periodthe program

(6) MaxA(e,,)[7()r +1

Rh=IR+ne,
l,e,, 20

+1 =

Before solving this program we must give precisecfjrations of the survival functions:
(7) Ae,) =(Ae,) I1-a), if 0< Ae, <(1-a )™
Me,) =1, if Ae, 2 (1-a)' "™
(8) (1) = (BI)* /1~ B), if 0< Bl < (1- gJ/&?
n()=1,if Bl > (1_ﬂ)1/(1-ﬂ)
with: 0< B,a <1, A B>0. In the rest of the paper we will assume that veesways inside

the intervals where both functions are strictlyrgasing. Deaton (2003) notices that health
spending, the health state and the longevity ofinalividual are increasing and concave
functions of his income: for instance the prob#&pilor somebody of dying between the ages
of 50 and 60 is a decreasing convex function ofilc®me. This concavity is a possible
explanation of the impact of inequality on the ager health state in a country, and it implies
that some redistribution of income can increaseaaeshealth.

With the survival functions given above, programi{écomes
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(9) Max(Ae,)" [r By 10~ B) +1)i1- )

Rh=IR +ne,

le, 20, Ae,<(l-a)f'™®, BI<(1-gMe”

We make the following assumptions

Assumption 1. The parameters of the model must satisfy thetionts

(10) Bh* < (1- B)"*” {1+i:—2(1+1/ r )}

(11) Ah* S%(l_a)l/(l—a)

This assumption is needed to guarantee the salyalwf the optimisation problem
considered. Now, we can establish the followingrfeas. Lemma 1 is precisely about the
latter property.

Lemma 1. Program (9) has a unique solution defined by tie ¢quations

h_ 1-a _ +1—a

| r(BH)# 1- 5

(12)

(13) e, =~ (h-1)
n

Proof. Equation (13) is the constraint in program (9). Wge this constraint to eliminatg,

from the objective functionEquation (12) is the first order conditions of geetransformed

objective function. Let us define the functioy(l)sh— 1-a

| W . We have y(O) =+o0,

1-a 1-a

y(h) =1- F(BN)F <1+1—,3

, Y(+) = 0. y(I) has a unique minimum, which is negative, for

s rh B
1-a)1-p)

and smaller tharh.

% Thus, equation (12) defines a unique valuelfowhich is positive

We have to check that this solution satisfig$< (1- )" . This is equivalent to
yl(l_ mm—ﬁ) / BJsl+ A-a)/(1- B) , which results from inequality (10). We also hadwe

n 1/(1-a)

check that Ae+l:AB(h—I)s(]_—a)l/(l_”) or AIzAh—R(l—a) . This condition is
n

satisfied because of inequality (1£).
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The two following lemmas describe in detail thereloteristics of the optimal decisions taken
by a junior adult, first concerning investment is bwn health, then concerning investment in
the health of his offspring.
Lemma 2. a) A well-endowed junior adult invests more ia health than a poorly endowed
junior adult. b) The investment of a junior adulthis own health increases with his earnings
and when there is an increase in the utility forgrds of being alive. ¢) The investment of a
junior adult in his own health increases with tluale parameter of his survival function. d)
The investment of a junior adult in his own he@tindependent of the scale parameter of the
survival function of his children.

1-a 1-

Proof. We use the following equationy(l) ED— =1+

- a , Which determined
| r(B)# 1- 5

and the properties of the functiorfl , Wwhich were established in the proof of lemm& 1.

Lemma 3. a) A well-endowed junior adult invests more in Health of his children than a
poorly endowed junior adult. His total investmestindependent of the number of his
children. b) The investment of a junior adult ire thealth of his children increases with his
earnings and decreases when there is an increasieeintility for parents of being alive. c)
The investment of a junior adult in the health o bhildren decreases with the scale
parameter of his survival function. d) The investmaf a junior adult in the health of his

children is independent of the scale parametehefdurvival function of these children.

Proof. We use the results of the previous lemma and eitteeexpression ofne,,, which is

given by equation (13), or the following expressiarhich results from a combination of
equations (12) and (13)e, = R(l—a){l— +|—f_} £
1-5 rBY#

The model has several worth-mentioning propertiegst, and as announced in the
introduction section, our model entails inequaiityfront of death. Children of parents with

low human capital have a higher probability of dylmefore growing. Moreover, such parents
tend to spend less in their own health care (andatn), and hence face a lower survival
probability with the subsequent negative effecttua human capital of the resulting orphans.
Second, the investment decisions taken by the juadults are sensitive to exogenous
changes in their survival function (Property ¢ adrima 2 and 3) but not to shifts in the

survival function of their children (Property d bémma 2 and 3). Put in other words, an
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epidemic hitting young adults will have an impact the investment decisions of these
individuals while an epidemic hitting their own khien will not.

The consequences of varying life expectancy arensitely studied in the literature. Our
model has some interesting predictions regardirgisisue. In the standard theory relying on
Blanchard-Yaari structures, life expectancy (or itin@rtality rate) is exogenous. A downward
shift in life expectancy generally decreases thergmal return to investment in this
framework, implying less investment either in plegsicapital (as in the standard Blanchard
model, 1985) and/or human capital (as in Boucekkdieda Croix and Licandro, 2002). In our
model, life expectancy is no longer exogenous. Wiaen epidemic shortens the life
expectancy of junior adults, healthcare expenditigereases for reasons similar to the ones
we just gave and life expectancy decreases by tharewhat results from the direct effect of
the epidemic.

Actually, our set-up has more subtle predictionsceoning children’s health care: first, health
care expenditures in the benefit of children goungder ‘adult’ epidemics, and second, the
investment decisions of the parents are sensitivaedrop in their own life expectancy but not
to a drop in the life expectancy of their childrefhe first property is very easy to accept
given the age specificity of the epidemic consider&@he second property could be
challenged. For example one could think that helshimcrease his health expenditures in the
benefit of his children when they are subject taga specific epidemic, precisely because his
utility is entirely determined by the expected huncapital accumulated by children who will
reach the adult age. Nonetheless, because hisnkfetarnings are pre-determined, such an
increase in the health expenditures of childrenld/ouaply a decrease in his own health care.
Such a trade-off would arise in any model wherddcin have no direct contribution to
households’ earnings: a child-specific epidemicsdoet affect earnings, and so rising health
expenditure in favour of children is necessarilyrideental to adults’ or elderly’ health care.

In our model, the trade-off is settled in the mustitral way: no extra health care for none.

The next section is devoted to the explicit stutiyhe dynamics of populations and income
distributions induced by these properties. Indemte of the important advantages of our
simplified set-up is to allow for a full analyticappraisal of the latter dynamics. Before, we

shall close the model and present its temporaritiegum.

3.2. Thetemporary equilibrium of the model
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The equilibrium values of investments in healthvisil-endowed or poorly-endowed junior
adults are given by equations (12) and (13), whegeonly have to specify the respective

endowment in human capitadh,” or h™, of these agents. The savings of both kinds abjun

adults,s” ands™, can easily be derived from equation (2).

3.2.1. Demographic variables

The population alive in period includes N2t and N2 junior adults with human capital
endowments respectively equal fo and h~. It also includesN®* and N* senior adults.
Finally, it includesN* , NY¥ children who have parents with respective humapitaia h*

h™, and N°* , N orphans with respectively high and low bequeste parents of the two
first kinds of children are the senior adults of feriod. So, we have:

(14) N* =nN* and N* =nN*

The populationsN* , N, N?, N?, N* and N* are predetermined in peridd The

number of well-endowed (poorly-endowed) senior twhich will be alive in period + 1s
equal to the number of junior adults with the samdowment who are alive in peridgdtime

their rate of survival

(15) N% =71 )N?*, N¥ =7(I")N*

If we use equation (14) in periddt (fhotice that the total number of children in thegiod is
equal to the number of junior adults in pertotimesn), we get the equations

(16) N2* =nN* —nNZ and N~ =nN* -nNZ

The numbers of well-endowed and poorly-endowedjuadults in period + 1 are

(17) NZ = A(e")(pN™ +qeN®* )+ A(e7)(pN* +geN™"),

NZ = A(e")(N™ +eN™ )+ A(e)(N* +eN™ )-NZ

3.2.2. Balance of trade and international borrowing

In period t, human capital in the country is equal f{F*h* + N> h~. This expression also

gives the quantity of health good domestically et that is domestic output. The national

demand for health good is|*|* + N*|~ +(N" + N"")e" + (N + N**)e". The excess of
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supply over demand is equal to the surplus of et balanceBT . If we use equations (1),
(2), (14), (15) and (16) we can write this surpss

(18) BT = (N?'s" + N?'s7)-(N¥s’, - N*'s; JR-|NZ (- m(*))s’, + N (1- (1 5))s5 R

The first term represents saving by junior adulise second term represents the disaving
(interests included) by senior adults. The lashteepresents the disaving of the dead, or if
one prefers by the orphans.

If we use equation (13) this expression can beit&nr

(19) BT = (N>s" + N*s)-(NZs’, + NZs, R

The second term of the right-hand side represesststs held by nationals at the beginning of
periodt. The first term represents assets held by nasamtaihe end of periot. They will be
inflated by the factorR at the beginning of perioti+ .Irhus, national assets grow at the
same rate as the population of junior adults. Wleskiow that in the steady state this rate is
lower thann, the number of children by junior adults, and wk assume thah<R. So, the

discounted value of national assets (debt) willtemO when time increases indefinitely.

4. Dynamics and long run equilibrium

We will start by examining the equations giving tthgnamics of populations. Then, in a
second paragraph, we will investigate the propemiethis dynamics, when the environment

of the economics is kept unchanged.

4.1. Thedynamics of populations
There areN?" and N# junior adults alive in period > .0They will haven children each.

These children will either becomp?; and N?Z, junior adults with earnings respectively

equal toh” andh” in periodt + 2 or they will die at the end of peridd+ . b,, represents
the supplementary number of junior adults who woenast in periodt if no children die
before reaching the age of junior adult, that héd survival rate functiont were identical to
1. We will investigate the dynamics of the modal fe 2. The states of the economy in

periods 0 and 1 are assumed to be given. We haviemdamental relationship:
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N2 N a, a, 0) (N*
(20) | NZ, |=An N* |= ay, ay, 0|n N*
D+2 D 1- a, ~ay, 1- A, —ay, 1 D

with

a, = e ™) p+1-0") jo}
{m1")@- p) +]1- 70" e@- )}

a,, = A(e;){7 ) p+[1- 701 )eqf

a,, = Ae){m ) a- p)+[1- 707) e~ o))

a, =A(e})

and with N?* (0), N**(0) and D(0) given ift is even andN?* (1), N*" (1) and D (1) given if
t is odd.
Lemma 1, 2 and 3 imply that these parameters gatisf constraintsO<a,, <a,, <1,

0<a,, <a, <1, a,+a,<a,+a,<l and
8,18, — 83,8, = ¢(p — Q) A(e)A(e)| 1) - m(17)| > 0.

The elements of each column Af are positive and sum to 1. So they can be intexgras
proportions, or as conditional probabilities fostence for a child of a well-endowed junior
adult to be well-endowed or poorly-endowed or deaulperiods later.

More precisely,a,, —a,, is the difference between the probabilities fahédd to reach a high

level of human capital if his parent is well-endaweersus if his parent is poorly-endowed.

a,, —a,, is the difference between the probabilities fahdd to reach a low level of human

capital if his parents are well-endowed versus if parents are poorly endowed. The
difference between the probabilities for a childlie if his parents are well-endowed versus if

his parents are poorly endowed is(a,-a,)—(a,,—-a,,)- The fate of children is
independent of the social position of their parevitena,, —a,, =a,, —a,, =0.

Matrix A in periodt only depends on health spending set by juniortadul, |-, e;, and
e,,- These spending are functions of the values tékea series of exogenous variables in

periodt: the foreign interest ratR, the scale parameters of the survival functionshdtiren
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and young adultsA and B, the incomes of the junior adults’and h™ and the number of

their childrenn.

Equation (20) gives the dynamics of the numbensimibr adults and of the deag?", N*

and D for t= 2, when the values of these variables are giverenngs 0 and 1. Equation
(15) gives the dynamics of the numbers of seniaftadN®*" =71 ")NZ", N* =7(1")N?%
for t >1. Equation (14) gives the dynamics of the numberasf orphan childremN' = nN**
and N* =nN* for t>1. Finally, the numbers of orphans in perité&l are given by

equations (16N2" =nN? -nNZ and Ni9” =nN* -nN?¥, .

We definep=N?"+N?% +D as the potential population of junior adultswvtiuld be equal

to the effective population if all children reachibé age of junior adult. Equation (20) shows
that this potential population grows at rate P2 = nP?. The number of dead people is equal
to the difference between the potential populatenmd the number of junior adults:

D=P-(N? +N?). Thus, we just have to investigate the dynamidh@mhumbers of living

junior adultsN?* and N2, which is given by

(21) (Ni (t+ 2)j _ Bn(Nzi (t)j _ (au aqu{NZi (t)j
N (t+2) N 2 (t) a, a, N2 )

with N**(0) and N* (0) given if t is even andN* (1) and N> (1) given if t is odd. In the

rest of the paper we will assume thas even.

4.2. Characterization of the demographic dynamics

We will assume in this section that all the pararseetind exogenous variables stay constant
over time fort> Q We will also assume thdtis even. Then, matrixp will stay constant
over time, and the dynamics of the model will bmiied to the sizes of the various

components of population (including the dead).usintroduce the new variable

(22) A= (ay, + a22)2 =43y, — a,3,) = (&, — 3-22)2 +4a,,a,, >0
We have the lemma

Lemma 4. a) The eigenvalues of matriB, p, and p,, are real and such that

1> p, > p, >0. Their expressions are
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(23) plz(ail+a22+\/Z)/2 andp2 :(ail+a22_\/Z)/2

b) Let us denote by, :(V”J and v, :(Vlzj the right-hand column eigenvectors & and
V21 V22

byV =(V, V,) the matrix of these eigenvectors. A determinatichese eigenvectors is
(24)V = 2a,, —2a,

aﬁz_an"'\/z _azz+a11+\/z
V, can be normed such that its components are pesin sum to 1V, can be normed such

that its first component is negative, its seconthgonent is positive and the sum of both

components is equal to 1.

Wll W12

c) Letw :(
W21 W22

j be the inverse of : VW =1 . Then, we have

(25)W = 1 [_ Ay Ty, +\/Z 2a12j
4'a12\/Z _a22+a11_\/z 2a,,

d) The elements of matrix W satisfy the constraints

(26) w,, >w,, >0 andw,, <0< w,,

The proof is in the appendix. We can now establ&hfollowing crucial proposition which
neatly characterizes the demographic dynamics laaevolution of human capital (and thus

income) distributions over time.

Proposition 1. Assume, to fix the ideas, thdf* (0)+ N (0)=1. Then:

a) The dynamic paths followed by the sizes of terts of both kinds of junior adults, are
linear combinations of two geometric series wittegaequal to the growth rate of potential

populationn times the eigenvalues of matisx
(27) N* (t+2) = (on) Vo WiN* (0) + Wi, N* (O] + (0,0) v [, N** (0) + w,N > (0)]
(28) N*(t+2) = (oin) > vyuwi,N* (0) + W, N> (©)] + (0,0) Vs [, N** (0) + w,N* (0

In the long run the populations of both kinds afiqu adults will grow at a rate equal to the

growth rate of the potential population of juniadults times the largest eigenvalue of
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matrix B (which is smaller than 1). The long run size oftegroup depends on the initial
condition, N?* (0) . However, the long run proportions of the twougs of junior adults are

independent of the initial conditions, and are psety proportional to the two components of

the eigenvector associated to the largest eigemvafunatrixB .

b) Let us assume that its share of junior adultkling a high level of human capital in the
initial population is decreased. In the long ruhetsizes of both groups of junior adults will
drop. In the short run, the number of junior additdding a high level of human capital and
the total size of the population of junior adultsl wnambiguously go down. In contrast, the

number of junior adults holding a low level of hun@apital may increase in the short run.

The proof is in the appendix. Proposition 1 has sdumportant implications, which will be
illustrated later on in our application to epidemiext section. First of all, Property a) shows
the ability of the model to generate hysteresiss Bhiould not be though seen as a surprising
result: this is a natural outcome in demographidehs initial demographic shocks are likely
to have long lasting echo effects. Such effects beagampened after a while, for example if
fertility markedly changes some generations aftex initial shock, but it seems out of
guestion that persistence is a fundamental progdrggemographic dynamics. Second, our
model features that an initial change in the incahséribution of the population may distort
this distribution in the short and medium terms bot in the long run. This is a very
important property as we will see in the applicatio epidemics. Actually, one of the debates
around AIDS (especially in sub-Saharan Africa)tssimpact on income inequality either in
the short or long run. Our benchmark model deligergery clear message in this respect as

explained hereatfter.

5. The demogr aphic and economic effects of epidemics

We define an epidemic as an increase in the de&¢hof a generation of people lasting for
only one period. Two kinds of epidemics will be doesed in this paper. First, the scale
parameteA of the survival function of children is decreasgth fixed amount. Secondly, the
parameterB of the survival function of junior adults is deased. The epidemic hits people
irrespectively of their endowment in human capdalof their social background. We will

assume that nothing can be done against the emdes®if and the number of death it directly
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causes. In both cases, we will start from a refsgebalanced growth path with a total
population of junior adults equal to 1.
We first define precisely such a balanced path. e deduce from the expressions of

matricesV andW given in Lemma 4 thatv,,v,, + w,,v,, =1, and w,,v;; + W,,V,, =0. Assume
that the initial population of junior adultdy® (0)+N? (Ols equal to 1, and suppose we
norm eigenvectoV, in such a way that the sum of its two componéentsqual to 1. If the

vector of the initial values of the populationstioé two kinds of junior adults is equal to the

N2 (0)j _

eigenvector of the transition matrix associatedigdargest eigenvaluENz_ 0 =V,, the

population of junior adults will follow the balarstgrowth path

N (t+2)
(29) - n t/2+1V

Nz—(t+2) (pl ) 1
Proposition 1 shows that this steady state isivelgtasymptotically stable. This will be our
reference balanced growth path. We now move toamalysis of epidemics. For a better
understanding, recall that total domestic outpuitinmodel is given by

(30) Y(t) = N* ()h* + NZ (H)h™ .

5.1. An epidemic hitting children

The epidemic takes place in period 1 and kills aegiyroportion of children. So, the
population of junior adults alive in period 2 whlé reduced by the same proportion. However,
the ratio between the numbers of well-endowed avatlp endowed junior adults will be
unchanged. The second effect will be that the pdjoulaf junior adults will be reduced by a
constant proportion in evesvenperiod by the children, grandchildren, etc. whdl wot be
born because of the death of their forebear. Ddmestiput will be reduced by the same
proportion in even periods.

Let us investigate the problem at a more formatlleVhe value of parametek is decreased

by dA<O in period 1. According to Lemma 2 and 3 junior ksludo not change their
investment decisions. Equations (20) and (21) shHmat matrix B is reduced by a factor

(1-a)dA/ A in period 0. So, the populations of both kindssehior adults in every even

period starting in period 2 is reduced by the sgrwportion. These populations remain

unchanged in odd periods.
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Equations (14), (15) and (16) show thatewenperiods the numbers of senior adults and of
children of each category, are unchanged. These ensmbare reduced by the factor
(1-a)dA/ A in odd periods starting in period 3. The only demographiange in period 1 is
the death of children caused by the epidemic. Ttinesthird consequence of the epidemic of
period 1 is an echo effect, which permanently ckanthe demographic structure of the
population. The share of junior adults is reducedviary even period and increased in every
odd period. Thus, even if domestic output per wonanains the same in these periods,
domestic output per capita decreases in even eaiod increases in odd periods.

As we can see, such an epidemic has some impat@nographic and economic effects
either in the short or long run by inducing a pemer@ demographic composition effect and a
change in output per capita (but not per workegnétheless, the epidemic is shown to be
neutral at all temporal horizons in terms of theome distribution among junior adults. The

next section shows that ‘adult’ epidemics can intiast distort such a distribution.

5.2. An epidemic hitting junior adults

The epidemic takes place in period 0 and kills gprtoon of junior adults at the end of the
period. The number of children alive in period 1lWwe unchanged but the proportion of
orphans among them will be higher. The number ofoseadults alive in period 1 will be
lower as a result of the epidemic. So, in the maithel value of parametd® is decreased by
dB<0 in period 6. Junior adults living in this period perfectly werdtand the consequences
of the epidemic when they make their decisions. TWwilyreduce their investment in their
own health, and their survival rates at the enthefperiod will decrease by more than what
results from the epidemic. Junior adults will aleorease their investment in the health of
their children in period 1, which will improve tlseirvival rates of children in period 1. Thus,
matrix B has been changed in period 0, and consequentiyajalations of junior adults in
period 2. The relative variations in the populatiohguniors adults holding a high level and a

low level of human capital, in this period is

® The assumption that the decrease in the valuamainpeterB that is in the probability of survival, is the sam
for junior adults with a high as with a low levdllmuman capital, is debatable. There are indicatibat people
with a relatively high schooling level are more eged to the risk of being hit by AIDS because thaye more
sexual partners (Cogneau and Grimm, 2005). Theralap indications that these people are more aofaie
risks of AIDS than less educated people and uraleisiaster the usefulness of not engaging in tigyaviour,
for instance they are more responsive to campaijrisformation, and prevention (de Walque, 2004 T
United Nations (2004) quotes several studies stgpttiat poor and uneducated people are more likengage
in risky behaviour and to acquire HIV/AIDS.
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dN# 2 _ v,da, +(1-v;,)da,
N (2) PN

dN*” 2 - viday, + 1-vy,)day,
N* (2) o L=vy)

The relative changes in the total population of guradults and in the domestic output per

(31)

(32)

worker are

dN* (2) +dN* (2) _ viy(day, +da,) + (1-v,,)(day, +day,)
N*(2)+N* (2 Py

(33)

dy(2) _dN*(2) +dN* (2) _
N#@h*+N“(2h N2 +N* (2

N> (2NZ (2)(h -h) dN*(2) dN (2)
INF@h +NZ@h [NT @ +NZ Q| N @ N7 (@

(34)

The following lemma is an extension of lemmas 2 and
Lemma 5. Let us consider a junior adult with endowment hd a decrease in the coefficient
of his survival function bylB< 0. His probability of survival and the probabiliof survival

of each of his children will change by

dn() _  @-ph/l__ dB
m) pil+2-a-8 B

de,) __ | (L-a)@-p)  dB_

Ae,)  h=lr(BI)? (/I +2-a-p) B

e-a)P 1 dm
h(h=1) Q- B)rn() ()

(35) <@- ﬂ)— <0

(36)

Proof. We deduce from equation (13)
de;__d

e, h-l
We deduce from equation (12)

h o l-a)1-p)dB _ dB
(,8|-+2 a ﬂjl —(Bl)lﬁ B {(1 ,8) 2+a+,8}B<0,

If we differentiate equation (8) and use the prasiequation we get equation (35). We

deduce from equation (7)
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di(e,) _,_ ~de; _ oy I dl
Ae,) =@-a) €4 (1 a)h_l I

If we substitute the above expressiondbfl we get equation (36).-

An epidemic decreases the probability of surviviagjumior adults, first because it increases
the death rate of this population, secondly bec@&uszluces the spending of this population
on its own health. This epidemic increases the gty of survival of children
(conditionally on the facts that they are orphanthat their parents are alive) because parents
spend more on the health of their children. Theotahg lemma will be used in the proof of

Proposition 2.

Lemma 6. Consider a junior adult with endowment h who st8€ in his own health. When

parametersc and g change, the expression

I[,_1-a h —a)|
(37 E= (1‘”)3{1'1-/3 h—I}z (1—/[3()lrﬂ(lgf1(h-')

has a positive lower bounB and an upper boun& smaller than 1.

Proof. Equation (5) and the conditions on the parametepdyithatr is positive and has an
upper bound. Equation (12) shows thdtas a positive lower bound.
Equation (12) shows thathas an upper bound smaller thanThus, E has an upper bound

smaller than 1.

The following proposition will give the changes, itak place in period 2, in the total
population of junior adults, and in the populatiohworkers holding, respectively, a high

level and a low level of human capital, inducedabyepidemic taking place in period 0.

Proposition 2. If the reduction in the probability of survival ofphans,1- ¢ and if the
probability for an orphan to reach a high levellafman capital,g, are low enough, we have
the following results.

a) In period 2 the total population of junior adsiincreases.

b) The population of junior adults holding a higévél of human capital decreases, and the

population of junior adults with a low level of hamcapital increases. Thus, the proportion

24



of junior adults with a low endowment of human tapin the total population increases.
Consequently, domestic output per worker decreases.

¢) The numbers of each kind of children and seadits are unchanged.

The proof is in the appendix. When an epidemic tglase, well-endowed junior adults will
spend more on the health of their children. Thi$ @ahtribute to increasing the proportion of
these children who will survive in period 2. Howgvmore of these children will grow as
orphans whose the probability of survival is realibg a factorl—c. If c is near enough to 1,

the first effect will dominate and the number afipr adults alive in period 2 will be higher.

In period 2, the number of junior adults who werphans will increase and the number of
those who were brought up by their parents willrdase. If the probability for an orphan to

reach a high level of human capitgl, is low enough, the number of junior adults withigh

level of human capital, alive in period 2, will lomse lower. The two assumptions of
Proposition 2 mean that orphans are more disadyeditan their probability of reaching a

high level of human capital than in their probdpibf dying before adult age.

Proposition 2 is a crucial characterisation of tiedium term distributional effects of ‘adult’

epidemics. In contrast to the epidemic only Kkillirgpildren, considered before, the
distributional consequences are significant inrtieglium run. More young adults will get less
educated two periods after the epidemic and oytputworker goes down: the economy is
clearly impoverished (with respect to the referematanced growth path) at this time
horizor{. Thus, the demographic and economic effects ararlglenuch more potentially

dangerous when the epidemic hits junior adults thlaen it only affects children. This is of a
course a natural outcome since adults are the ngikidividuals in the economy. However,
our model already makes nontrivial contributionstlas stage: it neatly shows the huge
differences between ‘child’ Vs ‘adult’ epidemics ail respects, and in particular, it forward
puts the differences in distributional consequenwedsch is not treated so explicitly in the

related literature.

" However, the share of the active population inttheal population increases and we do not knovutpat per
capita increases or decreases.
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The analysis of periods posterior to period 2 is loseresome. We know that, in the long run,
the shares of junior adults holding respectiveljgh level and a low level of human capital
that is the income distribution will go back to ithiealanced growth values. So, in contrast to
some contributions in the AIDS-related literatulike( Bell et al., 2003), the model predicts a
kind of corrective dynamics which will bring sonkey variables to the corresponding
balanced growth corresponding values. But we caaweh conclude on the long run change
in the total population of junior adults withoutrtfieer assumptions. However, we can note
that just like ‘child’ epidemics and for the sameasons, we have some permanent effects,

notably on the demographic composition of the eoono

5.3. A first analysis of the medium-term effects of AIDS

AIDS mostly hits junior adults. However, many chédd of contaminated mothers get HIV
and die. So, we can interpret AIDS as, first hgtihe junior adults of period O, and then
hitting their children born at the end of periodvBio become infected in period. IThus we
can cumulate the analysis of the two previous papdts. The relative decreases in the
populations of junior adults and of children whorgwe the AIDS epidemic, if health
spending did not change, respectively re 5)dB/B< arfdl 1—a)dA/ A< 0. As some of
the children of people having got AIDS survive, 8eeond decrease should be smaller than
the first.

We will limit our analysis to the medium-run thatto the effects of AIDS in period 2. Then,
the numbers of senior adults and children of ekangd are unaffected by the epidemic. On
one hand, the death of children in period 1 indwcgsoportional decrease in the population
of both kinds of junior adults in the following ped. Thus, the output per worker remains
unchanged, but the output per head decreases.eQnthtr hand, the death of junior adults in
period 0 induces an increase in the total popuiatfgunior adults in period 2. The number of
junior adults with a high level of human capitatdsases; the number of junior adults holding
a low level of human capital increases. So, oupautworker decreases but the evolution of

output per head is undetermined.

8 The discretisation of time used in the model iemlthat children who die from AIDS die after thearents,
actually in period 1 when their parents died inigebi0. This is only a technical simplification, whi excludes
the case when children die before their parents.
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One of the most robust stylised facts is that Alib8uces important diminution in total
population in the medium-term as in the long-run. dain this result our model must
assume that AIDS kills enough children and not toany junior adults. Under this
assumption we get the following effects of the HAWDS epidemic in the medium term. The
numbers of senior adults and children of every lanel unaffected but the number of junior
adults decreases. In this last population, thegntan of people with a high level of human
capital decreases and the proportion holding além&l of human capital increases. Finally

output per worker and output per capita decrease.

The condition under which these results are obtaindtch is that AIDS must kill a large
number of children, is unconvincing. However, AlR$o reduces the fertility of women.
First, women die when they are in reproductive aged secondly, women who survive
become more cautious about having sex for feamnfettion, and because as others die out of
the workforce, female labour becomes more valu@bdeing, 2005). The next paragraph will
show that assuming a decrease in fertility will kel the previous results unchanged, but

under more reasonable assumption.

5.4. A reduction in fertility

A junior adult living in period O will have, at thend of this period, a number of children
reduced by the amounin< 0OIn the following periods fertility will be rested to its initial
level. According to Lemma 2 and 3 this junior adwill keep health spending on him
unchanged. He will also keep health spending owtii@e of his children unmodified. So, a
junior adult with an endowment of human caphél will increase his investment in the health

of each of his children bge], =—e;;,dn/n> .0The probability of survival of this child will

increase bydA(e;;) = 1-a)A(e},)de, /e, =-(1-a)A(e],)dn/n>0 .

The number of junior adults alive in period 2 witlamge in reaction to two opposite effects. It
will tend to decrease because of the lower numbehitdren born at the end of period 0, but
it will tend to increase because parents will speade on the health of each of their children.

We can compute the total effect by differentiataggiation (21)
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(38) (dNi (2)] = {Bdn+ n(da“ daiZH(N zi (O)j
dN*(2) da,, day, ) N* (0)
If we use equation (20) we get

=—@1-a)Bdn/n

(39) (dan dalzJ

da, da,

Thus

(40) (dNi (2)j = aB(Nzi (O)jdn = a(Nzi (2)jdn/ n<0
dN™ (2) N* (0) N*(2)

So, the consequence of a decrease in fertilityemod 0 will be to reduce the population of
both kinds of senior adults in period 2 and eveafoWing even period by the proportion

adn/n.

The effects of a temporary reduction in fertilitg aery similar to those of an epidemic hitting
children. The ratio between the numbers of well-evetb and poorly endowed junior adults
will be unchanged, but the population of junior Esluwill be reduced by a constant
proportion in evergvenperiod. The numbers of senior adults and of childrieeach category
will be reduced by the factordn/n in odd periods starting in period 3. The only
demographic change in period 1 will be the reductiothe number of children resulting from
the decrease in fertility. So, the share of juradults in the total population is reduced in
every even period and increased in every odd pefibds, even if the domestic output per
worker remains the same in these periods, domestiput per capita decreases in even

periods and increases in odd periods.

6. Conclusion
This paper investigates the medium term effectsnoépidemic, which are the effects one

generation after the time when the epidemic statte@xpand to large segments of the

population. In the medium term the number of dealinsctly caused by the epidemic has
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decreased, but the economy still suffers the careemps of the epidemic, for instance
because of the orphans who died young or lost pperbunity to receive good education. The
effects of an epidemic will be very different ifhits children or the active population. In the
first case, the size of the active populationfrastion of total population and domestic output
per capita, will be depressed. However, the coitipasof the active population by levels of
education and skill will remain unchanged. In tldofwing periods, the economy will go

through a succession of repeated contractionsan periods and expansions in odd periods.

An epidemic hitting the active population will hattee opposite effects on the size of the
active population, which will increase in the maditerm. So, the fraction of this population
in total population will expand. Moreover, in theedium term, the larger active population
will be, in average, less educated, and its ougautworker will be lower. So, output per
worker will be depressed. Progressively, this ler@e in the composition of the active
population will disappear, and its average proditgtiwill increase and converge to the level
it would have had if the epidemic had not takercg@ldalhis last conclusion is similar to the

one reached by the Lucas-Uzawa model, remindedtkeimtroduction.

To analyse the medium term effects of HIV/AIDS, wsswamed that the epidemic first hit
junior adults. However, it also increases the nunatbeleaths among children and reduces the
rate of fertility because women die in reproduct@ges or because they decide to have fewer
children for health and economic reasons. Then, weved that the size of total population
will decrease in the medium term, and that the esludrthe active population in the total
population will also be lower. In the active pogida, the proportion of people with a high
level of human capital will decrease and the proporholding a low level of human capital

will increase. Finally output per worker and pepita will decrease.
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APPENDI X

Proof of Lemma 4

a) The eigenvalues of matri® are the roots of the characteristic equation

S(N) = p* = (ay, +8,,) P+ (8,8, ~ a,8,) =0
The discriminant of this equation £$> . 80, the two eigenvalues 8f are distinct and real.

Their product is given bys(0) = a ,a,, — a,,a,, > 0. Moreover we have

SO) =1-(ay, +ay,) + (a8, ~apa,) = (-a,)(1-a,,) — a8,
As we havel-a, >a, and1l-a, >a,, We can conclude thag()>0. Thus, the two

eigenvalues of matrig are strictly included between 0 and 1.

b) We have

(au ta,t \/Z)‘/ll 2= PiVin =8 Vi T AV, SO

(azz —a;t \/Z)‘/n = 2312\/21

We also have

(azz —a; - \/Z)‘/lz = 2312\/22

So, a determination of the eigenvectors is giverdpyation (24). The two components\f
are positive and we can norm this eigenvector tingey,, +v,, =1. Moreover the sum of the

two components 0¥, is positive and we can norm this eigenvector biyrgpy,, +v,, =1

c) We deduce fromyw = |

2a,,(W,; —w,,) =1

2a,,(W, —W,,) =0

Bz = 4,) (Woy — W) + VA (W, +W,,) =0
(8, = 1) (W = W) + VA (W, + W) =1

>0

SOw. = 1 \/Z+a11—a22>0 andw,, = 1

"Tala a, 2Jn

and w,, = 1 —\/Z+a11—a22<0 andw,, = 1 >0

NN a, 2JA
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d) The inequalites are easy to check. For examplg,>w, is equivalent to
JA > 2a,, +(a,, —a,,) - A sufficient condition for this inequality is

A= (an - azz)2 + 48126121 > (azz - 311)2 + 4312 (a:l.2 tay, -~ a:l.l) , or

a, +a, >a, +a,, Whichis true.€

Proof of Proposition 1

a)Let p be the diagonal matrix with elemengs and p,. Then (21) can be rewritten

[Ni (t+ 2)] _ Bn(NZi (t)] :va{“zi (t)] _y (np)t,mw(N ) (@J
NZ (t+2) N2 (t) N2 (t) N* (0)
In the long run, undeN® (0) + N*" (0) = ,we have

N (t+2) /(o) "~ vig[(w, W, )NZ (©) +

NZ(t+2) /(o) " = Vsl = Wi )N (0) + W

This establishes directly property a).

b) The dynamics of populations can be written
NZ* (t+2) = (0] v, (s, =W, )N 0) + Wi, |+ (,0) 2 v, [0, W, N (0) + iy

NZ (t+2) = (o) V. (W, ~ W) NZ (0) + i+ (0,0) 22 v, [, =W, )N (0) +
N (t+2)+NZ(t+2) =
(pln

)t /2+1 )t /2+1

(v, + V21)[(W11 = W;,)N 2 ©O)+ W12] + (pzn (Vy, + sz)[(W21 —W,,)N z ©O)+ sz]

We know from Lemma 4d that;;, >w,, >0, andw,, <O<w,,. Lemma 4b established that
Vi1, Vo, Vy, >0, v, <0, andv,, +v,, >0 also hold.

Now notice that, ifN* (0)is decreased, thelN* (t+ 2hould go down. Asp, > p,,
NZ(@t+2)+ N> (t+2) drops too if (Vy, +Vy)(W, —W,) +(V, +Vy,)(Wy, —W,,) 20. The
expressions of matrice¥ and Wgiven in Lemma 4 show that the left-hand side a$ th
inequality is equal to 0. However, we do not knéwNi* (t +2) increases or decreases in the

short run. Indeed, by the same reasoning as justrdyethis figure would go down if

Vy (W —W,,) +V,, (W, —W,,) 2 0. Unfortunately this expression turns out to be edoal
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—4( 2\/Z), which is negative. Therefore anything could happethe short run as for the

number of low human capital junior adults.

Proof of Proposition 2
a) The change in the number of junior adults livingperiod 2, whose parents held a high

level of human capital is, according to equatiod) (2

dla, +a,,) {(() )[n@ﬂ( )a) c)+cj}(_)
+ dAle; | e .
o] S < e e

We use equation (36) and get

,ta c)l- [(_a)+]2 -C [(_a)+]2
=) {”(' fo-o {1 h* (v’ —1I*)(1|—,8)rn(l+)} n* b’ —1I+)(1|—,8)rn(l+)}
)l(ei)dﬂl(I:)

Equation (35) shows that(a,, +a,,) > 0 is equivalent to

n(|+)(1—c){1- o [—(:LI_)ZL)l-,]g)r”ﬂ)}c e [(1 ﬁ)l}g i )

We use equation (12) and get

R e T B R e

1-Bh 1-Bh' -1

1< 1+L 1+ (1—0')|+ 1_1—_0' +I "
1-c n| h 1-8h" -

Lemma 6 shows that the product of the two last seainthe right-hand side has a positive

lower bound. So, foc near enough to 1, the inequality is satisfied.

A similar computation shows that(alz +a22) > 0. Then, equation (33) establishes part a of

the proposition.
b) We have

= d{afe: )l Jp-cay + ca} =
{ﬂ(l + )(p ) CC])lZl— h* (h+ [—(]i:)c(;_)l— ,]B)r n(l +) —¢ h* (h* [_(]i:)%_)l_ ,]3)f ﬂ(l )} ( e ) dn]zl(l )

Equation (35) shows that(a,,) <0 is equivalent to
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Yooeal1 . lo- )r]z } [(1—a>|+]2
77(' )(p Q){l h( |+)1 B)r n(l ) +( |+)(1 B n(l )
We use equation (12) and get
e B e ]
orl+ cd 1 <i
D—CQHF) E

According to lemma 6, a sufficient condition forstimequality to hold is

1>{1+

cq 1
p-cqml”*

For g near enough to O, the inequality is satisfied. imilar computation shows that

1+

<é,with1/§>1

d(a,,) < 0. Then, equation (31) establishes part b of thegsiion!]
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Figurel

Figure 2. Estimated and projected population size with and without AIDS, 38 African countries,
1995-2000 to 2020-2025
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Source: World Population Prospects: The 2002 Kevision, CD-ROM (United Maticns, Departm ent of Economie
and Social Affairs, Population Division publication, Sales Mo, E.03 ZIILE).
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Figure2

Child Mortality Rate* With and Without
AIDS, Southern Africa: 1996
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*Child mortality rate is the number of children dgibefore age 5 per 1,000 live births.
Source: International Programs Center - Populddimmsion US Bureau of the Census,
Washington, DC
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Figure3

Figure 4. Population size with and without AIDS, Botswana, 2000 and 2025
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Sowrce: World Population Prospects: The 2002 Revision, CD-ROM (United Naticns, Department of Economic and Soeial
A fTairs, Populatien Division publication, Sales Me, E.03.XIIL8).

MNOTE: Unshaded bars represent the hypothetical size of the population in the absence of AIDS. Shaded bars represent the
actual sstimated and projected population

United Nations Department of Economic and Social Affairs/Population Division
22 The Impact of AIDS
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