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Abstract

We develop a tractable general theory for theyshfdhe economic and demographic impact of epidsnin particular, we analytically
characterise the short and medium term consequefagsidemics for population size, age pyramid,netoic performance and income
distribution. To this end, we develop a three-pidoerlapping generations where altruistic parehtsose optimal health expenditures for
their children and themselves. The survival proliglof (junior) adults and children depend on suichestments. Agents can be skilled or
unskilled. The model emphasizes the role of orph@phans are not only penalized in front of dedltiey are also penalized in the access
to education. Epidemics are modeled as one perogemous shocks to the survival rates. We idettifge kinds of epidemics depending
on how the epidemic shock alters the marginal iefficy of health expenditures. We first study thendgraphic dynamics, and prove that
while a one-period epidemic shock has no permaeféeit on income distribution, it can perfectlyealit in the short and medium run. We
then study the impact of the three kinds of epidsmvhen they hit children and/or junior adults. eve that while the three epidemics
have significantly different demographic implicat®in the medium run, they all imply a worseningtle short and medium run of
economic performance and income distribution. Iipalar, the distributional implications of the g mainly rely on orphans: if orphans
are more penalized in the access to a high lldvetiocation than in front of death, they will nexadly lead to the medium-term increase in

the proportion of the unskilled, triggering the iowerishment of the economy at that time horizon.
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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 literature. Yet, there iscoommon view of the medium and long run
consequences of such an epidemic on economic g .

In particular, the impact of AIDS on economic growhas been investigated in many
empirical studies While Bloom and Mahal (1997) found a statistizalhsignificant
coefficient on the AIDS variable and conclude tA#DS has had little impact on growth,
McDonald and Roberts (2006) identified a strongedeffof the stock of general health on
average income in developing countries, and coedutiat the marginal impact on income
per capita of a 1% increase in HIV prevalence imt@inus 0.59% in Africa. Of course, the
discrepancy can be partially attributed to diffeesin the experimental framework. It can be
also attributed to the period of analysis, 19802189 the case of Bloom and Mahal, and
1984-1999 in MacDonald and Roberts. Unfortunatilg,discrepancy is still noticeable in the

most recent wave of contributions to this fielde(3ung, 2005, Vs Kalemli-Ozcan, 2006).

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). At the theoretical level, the discrepancyhi@ evaluation of the effects of an epidemic
on economic growth is especially neat in the beraskrgrowth models, as clearly reflected in
the analysis of Boucekkine, Diene and Azomahou {20@onsider for example the
celebrated textbook by Barro and Sala-I-Martin @9@hapter 5. Two models are considered
in this chapter. Both use two production factogshysical capital and human capital. The
economy is on a reference balanced growth path \ehegpidemic, which takes place at date
0, destroys a part of the human capital, but lephgsical capital intact. In the first model, the
sector producing the human capital uses the sawmiendgy as the sector producing
consumption goods and physical capital; it is tfugee a one-sector model. However,
investments in both factors must be non-negativeuvgrsibility). Then the epidemic creates
an imbalance between the two factors. The econamaygts by setting the investment in

physical capital to zero, but also by reducing letwadds’ consumption. The correction of the

* For an excellent review see United Nations (2004).



imbalance and the reduction in consumption incréaseyrowth rate of the production of the
physical good above its reference value. Of courtdes growth rate will decline
monotonically over time until it reaches its initialue.

The second case considered by Barro and Sala-irMarthe celebrated Lucas-Uzawa model
(see for example Lucas, 1988). Education, theos@rbducing 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 hurapitat, 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 decreasehe time of the epidemic, then it will

increase monotonically over time until it reachisgeéference value.

Hence, the predictions of the two-sector modeleimmnomic growth are exactly the opposite
of those of the one-sector prototyp&here are obvious limitations in the analysistioé
macroeconomic impact of epidemics as performecdextbbok theory. In particular, all the
models listed above consider that human capitaiclwaggregates the education level of the
population and sometimes its health status, islainid physical capital. However, human
capital (education and health) is embodied in iitlligls, inducing possible big differences
concerning the mechanisms of investment in physiegital. For instance, the death of a
child or an elderly has no effect on the level leé thhuman capital used in production. Its
economic effects will be very different from theatie of workers in their twenties or thirties,
which brings the destruction of human capital pesgively brought up in them through child
rearing, formal education and learning on the job.

Another specificity of the human capital (educatiand health) is that the amount of it
embodied in a person strongly results from decsstaken by his parents. Bowles and Gentis
(2002) quote a series of empirical results for theted States. A son born in the highest
income decile has a probability of 22.9% to redehdame decile and a probability of 2.4% to
reach the lowest income decile. A son born in tveekt income decile has a probability of

1.3% to reach the highest decile and a probalufity1.2% to reach the lowest decile. Grawe

® Incidentally, the latter delivers the same predicias the even more standard Solow model. In suctodel,
the initial effect of an epidemic is to increase #tmount of capital per worker and output per workdter the
initial shock, the economy will gradually convergack to its steady-state, and the growth rate gfuduper
worker will be less than its steady state valuenduthis transition.



and Mulligan (2002) review cross-country evidenkeveing that countries with lower public

provision of human capital experience smaller geeerational mobility. For instance, less
developed countries exhibit strong intergeneratidremsmission. The connection between
the absence of intergenerational mobility and etimcais well documented. Bowles and
Gentis show that this situation can also be linteethe health of children, which is itself a

function of their parents’ income (see also Casddisky and Paxson, 2001).

In this paper, we develop a theory of epidemicsntaknto account the embodied nature of
human capital, and enhancing the role of paremteistbns. For the generality of the theory, we
consider both child and adult mortality: since hantapital is embodied in individuals and
since parents decide about the education and heallenditures of their children, the
economic and demographic impacts of epidemick@yiito tightly depend on the age-profile
of the induced mortality. To increase the scopeowf theory, we shall also allow for any
profile of the marginal efficiency of health expé&ndes under epidemics. Define at the minute
the marginal efficiency of health expenditureshe tmpact on the survival probability of an
individual of a marginal increase in the latter emgitures. We will allow for different
epidemiological situations in which this margin#ficeency is either increased, decreased or
unchanged.

A last characteristic of our general frameworkasekplicitly account for the role of orphans.
When young adults die, not only do they reduceatheunt of labour and human capital used
in production, but they also leave orphans behheht To show how this effect can be
disastrous, we can quote the following extract wfaaticle published by The Economist
(2003) ... one-in-ten sub-Saharan children is navoghan. A third of these are the result
of AIDS. Orphaning rates above 5% worry UNICEF hesgathey exceed the capacity of local
communities to care for parentless children. Spldoes such as Zambia, where almost 12%
of children are AIDS orphans.... Orphans tend to tergr than non orphans, and to face a
higher risk of malnutrition, stunting and death ~ee if they are free of HIV themselves.
Orphans are less likely to attend school becausg dannot afford the fees but also because
step-parents tend to educate their own childrest’fiCase, Pakson and Ableidinger (2004)
give interesting complements to this view. Orphbwes in foster families who discriminate
against them and in favour of the children of tamity head. The probability of the school
enrolment of an orphan is inversely proportionahi® degree of relatedness of the child to the

household head. Gertler, Levine and Martinez (2@D@w that parental loss does not operate



only through a reduction in household resourceserRal presence, including the loss of
mentoring, the transmission of values and emoti@mal psychological support, plays an
important role in investment in child human capital

There are several papers developing computableaaesgpiilibrium 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 effectsnmilai model was developed by Corrigan,
Glomm and Mendez (2004), who also conclude thagtbeith effects of AIDS are large. In
their paper, children receive a different levelediucation if their parents are healthy or ill.
However, when they grow up and become adult, tladable human capital of their cohort is
reallocated in an egalitarian way between all issnmhers. This redistribution, which forsakes
the assumption of embodiment of the investmentlircation, simplifies the simulation of the
model, but contradicts the optimisation progranih& parents that does not anticipate it. In
the paper by Bell, Devarajan and Gersbach childrenranked by increasing human capital
then divided into a finite number of classes. Thallocation of the human capital occurs
inside each of these classes. Thus, these authprexamate a continuous distribution by a
discrete distribution. As this approximation candseprecise as desired, this solution is more
acceptable than the previous one. Finally, non¢hese papers discusses the effect of an
epidemic on the marginal efficiency of health exgiaures.

Our paper takes a broader perspective by consglemy age-profile of mortality and any
marginal efficiency of medication under epidemitse demographic and economic properties
of the model are fully analytically investigated time short, medium and long-run, which is
already a contribution to the literature. In ourdal people live for three periods, successively
as children, junior adults and senior adults. AqQuadult has an exogenous number of children
and is perfectly altruistic that is he only cares the survival of his children and the social
position they will get. He invests in his own hbalind education, and in the health and

education of his childrénThe probability for a child to reach a high leeélhuman capital is

® Ricci and Zachariadis (2006) find that investmemteducation and in health are positively related at
equilibrium and have a reinforced impact on longevCutler, Deaton and Lleras-Muney (2005) showt tha



independent of the levels of the human capital ief garent, under the conditions that he
survives and that his parent survives and is ablgihg him up. Thus, we have eliminated the
traditional channel of the cultural heritage tods®n alternative channels which work through
education and health and investments in both. Tokabilities of survival of a child and of a
junior adult depend on the amounts of money spgnthbé junior adult for his own human
capital and for the one of his children.

The credit market is incomplete: parents cannoarfae 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
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 upiling parents. Accordingly, a key feature of
the paper is to consider a crucial dimension ofjuadity, namely inequality in front of death.
Inequality between children has several causest,Riie children of less educated parents
who have survived and who bring them up have adnighobability of dying before growing
adults because their parents spend less on theihhend education. Secondly, less educated
parents spend less on their own education andhhaatt have a higher probability to die and
to be unable to bring their children up.

A key contribution of our paper is the analyticalidy of the impact of epidemics on the
income distribution in the short, medium and long:rit should be noted that the papers
focusing on AIDS usually comment on the changethéndistributions of human capital and
income possibly following the epidemic althoughytig® not fully investigate them. The only
theoretical paper we know, which investigates thksl between health spending, mortality
and the persistence of inequality across genemgtisrby Chakraborty and Das (2005). These
authors base their analysis of the persistenceoeérnty on the fact that poor parents invest
less in their own health and so have a high prdibalif dying. Thus, they save little and
leave to their children a small bequest if theywsur and a still smaller bequest if they die.
The paper assumes that parents only care for @idthhad their children if they are themselves
alive when their children grow. However, parentsracd buy annuities against the saving they

will leave in the case of their premature death i{sahis situation, children get an unplanned

application of scientific advance and technicalgoess, which is facilitated by education, explargeat deal of
the inequality in health inside a country.



bequest). An extension of the paper introducesptissibility of investing, not only in the
health of parents, but in the education of child@m The productivity of labour depends on
both these investments. Nonetheless, these aulbonst consider investments in the health
of children nor their survival probability.

The paper is organised as follows. The secondasegtiesents the model and its short run
equilibrium. The third section is devoted to thansitory dynamics and the long run
equilibrium of demographic variables. The fourticts®n investigates the economic and
demographic effects of epidemics. The fifth sectoncludes on the possible role of fertility

behaviour response to epidemics.

2. Themodel: behaviour of the agents and temporary equilibrium

We consider a discrete time, perfect foresight dyonamodel of a small open economy.
People live for three periods, successively aglotml, 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 gtiehl 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

2.1. Thechoicesof 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 bynfir which use human capital as their
unique input and which operate under constantmetu/Ve will assume that the productivity
of human capital is equal to 1 and that firms mia&eprofit. Thus,h can also be interpreted
as the earnings of the agent. The agent sets\irgysa 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 notyimmterested to investigate. The agent will



invest e,, in the health of each of his children. The probgtior 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 probahbiiiill 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 a& &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 ofqgaeti. This investment is equal to the
capitalisation of the saving made in peritadThe intertemporal budget constraint of the agent
is

(3) Rh=IR+ne,
To simplify the model we will assume that humanitdpan take only two valuegi~ and

h*, with: 0<h™ <h*. We will assume that a child who has living pasesntd who stays alive

has a probabilityp of obtaining a human capital &f and a probabilitl— 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. Wesame that
O<sqg<p=sl.
Our junior adult has the following utility functian periodt

@)U =nA(e){m)|p(h —=h7)+h |+ [1- 2)elah” =h7y +h7 |}
The junior adult is wholly altruistic. His utilitpnly depends on the expected human capital
accumulated by his children who will reach the adgle. Our specification is in the spirit of
evolutionary biology (see Galor and Moav, 2002 2005, for an earlier attempt to account
for evolutionary biology ingredients in the theafyeconomic growth). Consistently with the
traditional Darwinian theory, the parent should maxe the probability of survival and
quality of her children. Nonetheless, in contrastGalor and Moav (2005), we keep the
number of offspring exogenously fixed. Since we prienarily interested in the impact of
epidemics and since it is not clear so far whetherlatter has lead and/or will lead to a
substantial change in optimal fertility behaviowe have preferred to develop our benchmark
theory with fertility fixed. On the other hand, adgl endogenous fertility to the model would

require additional adjustments which will reduceargly its tractability. As it will be clear



along the way, the model is already heavy to haaldjebraically. In the concluding section of
the paper, we come back to the current AIDS reléitethture on fertility and examine the
consequences of an exogenous fertility shock.

If the junior adult reaches the age of senior achdt will bring his children up, which will
increase their probability of survival and theimpegted levels of human capitah” (Vh")
represents the satisfaction a child brings to hiept when he reaches the adult age with the
level of human capitah® (h™). We assume that >0. When the child dies this satisfaction
is 0. We will introduce the following notations

5) r, =v|p(h* =h")+h"|, r, =i|q(h* =h") +h~| andr =1, /1, -1.
The utility function of our junior adult in periotd becomes, after having removed a constant
multiplicative term,U = A(e,,)[7(l)r +1]. r represents the premium in satisfaction brought by

children, when their parent stays alive, or if gnefers, the utility for parents of staying alive.
In this case, the probability of survival of eadhld 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® —h7)/h™, which is expected for the next period. In thiofging 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

Before solving this program we must give precisecgfjrations of the survival functions:
(7) AMe,)=(Ae,+A)/1-a),if 0< Ae, + A<(1-a)'™™

AMe,) =1, if Ae, +A=(1-a)""
(8) m(l) = (Bl + B /(1- B) . if 0< BI+B'<(1- B)"“”
n(l) =1, if Bl+B'=(1-g)"“”
with: 0< 8,a <1, A B,B'>0, 0< A<(1-a)", B'<(1-B8)""7.
In the rest of the paper we will assume that weaineys inside the intervals where both
functions are strictly increasing. Deaton (2003)ices that health spending, the health state

and the longevity of an individual are increasingl aoncave functions of his income: for

instance the probability for somebody of dying legw the ages of 50 and 60 is a decreasing



convex function of his income. This concavity igp@assible explanation of the impact of

inequality on the average health state in a coumimy it implies that some redistribution of

income can increase average health.

Later on, we will define an epidemic as an (anat@a or unanticipated) decrease in one of
the parameters of the survival function, lasting doe period. There are different kinds of

epidemics hitting the generation of the junior #sluindeed, an epidemic can result in the
decrease of paramet& or B'or both. We define the efficiency of adults’ hearending as

the derivative of their probability of survival Wit respect to health spending

an(l)/al =B(BI+B) .

We have:

o2m(1)/(d10B) =[(1- B)BI + B|(BI + B)™* >0, 87(l)/(810B") = - AB(BI + B <0,

and 8°7()/01% =-B2(BI + B) ¥ <0.

The efficiency of health spending decreases witke@demic loweringB and increases with
an epidemic decreasin®'. This efficiency decreases for a composite epidemihich
decreases the values of paramet@rand B' by the same proportion. Finally, the efficiency
of health spending decreases with the amount oesnepent on health, which is a reasonable
result. Hereafter, we shall call an epidemic oirst kind a shock loweringd and B' by the
same magnitude. A shock decreasBig(Resp.B) will be called an epidemic of the second
(Resp. third) kind. The same considerations coutd niiede on shocks affecting infant
mortality, we shall therefore adopt the same teatoigy for epidemics lowering parameters A
and A’

With the survival functions given above, programi{écomes

(9) Max(Ae, + A)" |r(BI+B)* 11~ B) +1)/(1-a)

Rh=IR+ne,

le, 20, Ae,+A<(1-a)'™”, BI+B<(1-8)""?

We make the following assumptions.

Assumption 1. The parameters of the model must satisfy thetizonts

(10) Bh' +”—RB% +B'< (1- )" {1+1_—a(1+1/r)}

10



, __\U(-a)
(1) Bn* +MBA  B{L-a) T
R A

R A
(12) 1-a B,+1—_a B'A < nB A +Bh”
1-8 r R A

nBA 1-a _ Vi
13) ———<—=(Bh™ +B'
(13) R A r ( )

Now, we can establish the following lemmas.
Lemma 1. Program (9) has a unique solution defined by tixe ¢quations
nBA/(AR +B+Bh  1-a _ +1—a

Bl +B' r(BI+B)* ~ 1-p

(14)

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

Proof. Equation (15) is the constraint in program (9). Wge this constraint to eliminate,

from the objective function.This function is concave ih. Equation (14) is the first order

conditions of the so-transformed objective functiobhet us define the function

y(l) = nBA/(AR +B+Bh  1-a . We have
Bl +B' r(Bl+B')*7
nBA/(AR +Bh 1-a 1-a : :
0) =1+ - >1+——, because of inequality (12
y(©) 5 e 1-3 quality (12)
nBA/(AR) l1-a l1-a . .
h)y =1+ - <1<1+——, because of inequality (13
Yt Bh+B  r(Bh+B)"” 1-8 quality (13)
y(+0) =-0. y(l)has a  unique minimum, which is negative, for
(BI+B)’ = r[nBA/(AR) + B'+BH] . y(1)=0 for (BI+B)’ = r[nBA/(AR) + B+Bh . Thus,

1-0)1-pB) d-a)
equation (12) defines a unique value fpwhich is positive and smaller thdm

We have to check that this solution satisfiBs+ B'< (1- )" . This is equivalent to
yl(l_ BIeP /g - B']sl+ (L-a)/(1- B) , which results from inequality (10).

We also have to check that Ae+l+A':AB(h—I)+A'S(1—a)1"1_”’ or
n

| > h+%[A‘—(1—a)”‘1_”’]. This condition is satisfied because of inequdlity). o

11



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 decreases when ttedes parameterB decreases (epidemic of
the third kind) and increases when parameRr decreases (epidemic of the second kind).
This investment decreasesBfand B'decrease by the same percentage (epidemic ofrghte fi
kind). d) The investment of a junior adult in hiwro health increases when the scale
parameter of the survival function of his childrén decreases (epidemic of the third kind),
and decreases when paramet@&r decreases (epidemic of the second kind). Thisiment
does not change when parametéksand A" decrease by the same percentage (epidemic of
the first kind). f) Unless A’=0, the investmentagjunior adult in his own health depends on

the number of his children: It increases when #terl number goes up.

Lemma 3. a) A well-endowed junior adult invests more in Health of his children than a
poorly endowed junior adult. b) The investment @iraor adult in the health of his children
increases with his earnings and decreases where tisesin increase in the utility for parents
of being alive. ¢) The investment of a junior adlulthe health of his children increases when
the scale parameterBdecreases and decreases when parameddéer decreases. This
investment increases if parameteBand B'decrease by the same percentage . d) The
investment of a junior adult in the health of tisldren decreases when the scale parameter
of the survival function of his childre® decreases, and increases when parameier
decreases. This investment stays unchanged if mteasnA and A" decrease by the same
percentage. f) Unless A’=0, the total investmenra @inior adult in the health of his children

decreases with the number of children.

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

12



Second, the investment decisions taken by the juadults are sensitive to exogenous
changes in their survival function (Property ¢ @nbhma 2 and 3) and to shifts in the survival
function of their children (Property d of Lemma 2da3). Put in other words, an epidemic
hitting young adults as an epidemic hitting theivnochildren will have an impact on the

investment decisions of these individuals.

The consequences of varying the life expectancyeatensively 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 the life expectancy generally decreases rarginal 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, different kinds of epidemics can hit a gatien of junior adults. The first and third
kinds decrease the efficiency of adults’ healthestment and the second kind increases the
efficiency of this investment. Moreover, life expaacy is no longer exogenous. When an
epidemic of the first or third kind shortens thie lexpectancy of junior adults, the adults’
health expenditure decreases for reasons simildret@nes we just gave and life expectancy
decreases by more than what results from the deféstt of the epidemic. However, with an
epidemic of the second kind, adults’ health expemeiincreases, which reduces the direct
effects of the epidemic. The effects of these epide on children’s heath investment are
exactly opposite to those on their parents’ hegfthnding: it increases with the first kind of
epidemic and decreases with the second kind.

Actually, our set-up has more subtle predictionsiceoning children’s health care: the
investment decisions of the parents are also semdib an anticipated drop in the life
expectancy of their children. If this drop decesaghe efficiency of children’s health
investment, then, their parents will spend moréhair own health and less on their children’s
health. If this drop increases the efficiency oldilen’s health investment, then their parents
will invest less in their own health and more oa tiealth of their children. The second result
is easy to accept. Parents increase their heafibneitures in the benefit of their children
when they are subject to an exogenous deterioraticheir health precisely because their
utility is entirely determined by the expected huneapital accumulated by children who will
reach the adult age. To understand the first resaltmust remember that children benefit

from growing under living parents: orphans will kaa higher probability of dying and of

13



reaching a high level of human capital. Thus, p@revho decrease the investment in the
health of their children when their probability séirvival has been decreased, continue of
being perfectly altruistic. They only know that esting in their own health instead of the

health of their children is the most efficient wafyimproving the welfare of their children.

We showed thad?77(1)/(310B) >0 and 827(])/(919B") <0. As health spending is higher for a

well-endowed than for a poorly endowed junior adwk get the following result. An
epidemic of the third kind will reduce the probdkilof survival of junior adults by more for
the well endowed than for the poorly endowed on&s.epidemic of the second kind has the
opposite effect.

The elasticities of the probability of survivaltbie junior adults with respect to the parameters
of this function, are [07(1)188]/[(1)/B] = BI/(BI + B, and
[07(1)10B]/[~(1)/B] = B'/(BI + B'). We deduce from these expressions and Lemma Zthat
epidemic of the third kind will reduce the probdgilof survival of junior adults by a higher
proportion for the well endowed than for the po@hdowed ones. An epidemic of the second
kind has the opposite effect. Of course, a firsidkeépidemic as a composite epidemic, will
reduce the probability of survivals of well endowatl poorly endowed junior adults by the
same proportion. We have a similar result for tfieces of an epidemic hitting children on

their probability of survival, and their dependencethe endowment of their parents.

We remind that a junior adult is wholly altruistiand that his utility is proportional to the
expected human capital accumulated by his childndro will reach the adult age:
U (I ,e+1) :)l(e+1)[n(l)r +1]. We can draw the indifference curves of this wtifunction in the
plan (I,e+l). An (anticipated) composite epidemic hitting cheéld and such that the two
parameters of their survival function are reducgdtiie same proportion, decreases their
probability of survivalA(e,;) by the same percentage for all values of the spgrah their
health e,,. Thus, the indifference curves of the parent arehanged although each of them

will be associated with a lower value of utilityo@sequently, the junior adult will not change
the allocation of his health spending between hifvas®l his children when he learns that his

children will be hit by a composite epidemic.
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Similarly, an epidemic hitting junior adults andchuhat the two parameters of their survival
function are reduced by the same proportion, deesegheir probability of survivati(l by
the same percentage for all values of the spendintheir healthl . However, the utility of
the junior adult will be reduced by a proportiomigh will increase with the spending on his
own health. Thus, the slopes of the indifferenaeesi will become less steep. Consequently,
the junior adult will reduce his spending on hisnomealth (and will increase the spending on
the health of his children).

Finally, parents will have to bring up more childrd the number of their offspringn
increases. So, the death of a junior adult wilatgemore orphans and its consequence will
have become worse. This should imply a transfaneaith spending from the whole of the
children to their parents. However, under this gfan health spending per child decreases
first because total health spending on childrendezseased, secondly because there are more
children. This directly reduces the probabilitysoirvival of each child. The first effect is the

stronger, except when parame#®ris zero, when these effects exactly balance.

2.2. Demogr aphic variables

The population alive in periog includes N?* and N2 junior adults with human capital
endowments respectively equal g6 and h~. It also includesN®** and N* senior adults.
Finally, it includesN* , N¥ children who have parents with respective humanitaia h*

h™, and N*°* , N~ orphans with respectively high and low bequest® parents of the two
first kinds of children are the senior adults o greriod. So, we have:

(14) N* =nN* and N* =nN*
The populationsN** , N°7, N?*, N?, N* and N* are predetermined in peridd The
number of well-endowed (poorly-endowed) senior tdwhich will be alive in period + 1s

equal to the number of junior adults with the saamdowment who are alive in peridgtime

their rate of survival

(15) N¥ =m(I")N**, N¥ =7(1")N*
If we use equation (14) in peridét (fhotice that the total number of children in thegiod is
equal to the number of junior adults in periotimesn), we get the equations

(16) N%* =nN* —nNZ and N*9” =nN* -nNZ
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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

2.3. 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 jpicet that is domestic output. The national

demand for health good is|*|* + N*|~ +(N" + N )e" + (N + N**")e”. The excess of

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 (L- (1 *))s’, + NZ (- (1 5))s5 R
The first term represents saving by junior adulise second term represents the disaving
(interests included) by senior adults. The laghteepresents 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)-(N¥s7, + N&s 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 periotl. 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. Weskiow 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) willtenmO when time increases indefinitely.

3. 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.

3.1. Thedynamics of populations
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There areN# and N?# junior adults alive in period > .OThey will haven children each.

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

equal toh” andh” in periodt + 2 or they will die at the end of periddr . b,, represents
the supplementary number of junior adults who waoenast in periodt if no children die
before reaching the age of junior adult, that hé survival rate functiony were identical to
1. We will investigate the dynamics of the model fa 2. The states of the economy in

periods 0 and 1 are assumed to be given. We haviendamental relationship:

N2 N* 2, a,  O)[N”
(20)| NZ, [=Mn N* |= a,, a,, 0| N*
D+2 D 1- a; ~ay 1- a, ~ay 1 D

with
a,, = A1) p+ - 10™) jop
a,, = Al ")a- p) +[1- 70 ) e - )}
a,, = A(e){7ll ) p+[1- 701 )eqf
a,, = Ae){m ) a- p) +[1- 0 7) - o))

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

0<a,,<a, <1, a,+ta,<a,+a,<l and
8,18, — 8,3, = c(p—A)A(e)AE)|(*) - 771 7)|> 0.

The elements of each column pf 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 dwanlperiods 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
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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 M in periodt only depends on health spending set by juniortadui, |-, e, and
e,,- These spending are functions of the values tékea series of exogenous variables in
period t: the foreign interest rat®, the parameters of the survival functions of afdand
young adultsA, A", B, B', a and 8 , the incomes of the junior adults and h™ and the

number of their childrem.

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 peribé&l are given by
equations (162" =nN* —nN¥ and N;3” =nN* —nNZ, .

We definep=N? +N?% +D as the potential population of junior adultswéiuld be equal
to the effective population if all children reachibe 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 populateomd the number of junior adults:

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

junior adultsN2* and N2, which is given by

(21)[Ni(Hz)]:M'n(Nzi(t)j=(a“ aizjn[NijJ
N*(t+2) N=(t) \an a,) (N“()
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.

3.2. Characterization of the demographic dynamics
We will assume in this section that all the pararetnd exogenous variables stay constant

over time fort > Q We will also assume thdtis even. Then, matriym will stay constant
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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)08= (8 +85)" — Hau8y, ~ Ap85) = (& —@y,)° + 48,8, >0

We have the lemma

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

1> p, > p, >0. Their expressions are

(23) p, :(a11+a22+\/z)/2 and p, = (a, +a, _\/Z)/Z

b) Let us denote by, :(V“J and v, =(V12J the right-hand column eigenvectors af ' and
V21 V22

byV =(V, V,) the matrix of these eigenvectors. A determinatichese eigenvectors is
28 —23
(24)v = 2 2
azz_am"'\/Z _322"'6‘11"'\/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 :( j be the inverse o : VW =1 . Then, we have

W21 W22

(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.
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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 matnx

(27) N* (t+2) = (oin) vy [w,N* (0) + wi,N* O]+ (0,0) > vy, [y, N** (0) + w,N* (O]

(28) N*(t+2) = (o1n) 5, [ ;N> (©) + Wi, N* @]+ (,0) v, [ N* (0) + w,,N* (0)]

In the long run the populations of both kinds afigu adults will grow at a rate equal to the
growth rate of the potential population of juniadults times the largest eigenvalue of
matrix M* (which is smaller than 1). The long run size ofregroup 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 eigemvafumatrix v '.

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 aduidding 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 sgvmportant implications, which will be
illustrated later on in our application to epidemitext 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 demographiclet& 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 propdrggemographic dynamics. Second, our
model features that an initial change in the incaliséribution 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 deliversery clear message in this respect as

explained hereafter.
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4. The demographic 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 colesed in this paper. We shall study
analytically in detail the impact of epidemics dfet first kind, that is those lowering

simultaneously and by the same magnitude the twanpeters of the survival probabilities

(A and A' for children, andB and B' for young adults). We then move to the epidemics o
the second kind, which we analyze qualitativelyasdo unburden the exposition. As one can
deduce from Lemma 2 and Lemma 3, the dynamics edlby an epidemic of the third kind
are qualitatively very similar to those followingn @pidemic of the first kind, at least for
epidemics hitting young adults. Therefore, we diardghem.

An epidemic hits people irrespectively of their emtinent in human capital or of their social
background. We will assume that nothing can be done agairesepidemic itself, although
an increase in health spending will reduce the ramolb death the epidemic causes. Finally,
we shall only consider one-period long epidemicscuoing in period 0. Longer
epidemiological shocks would complicate tremendptisé analytical treatment. As we shall
see, one-period long shocks are enough to capgtarmain mechanisms at work in the model
and to identify the outcomes of an epidemic of\eegikind and age-profile of mortality.

In all cases, we will start from a reference bagmhgrowth path with a total population of
junior adults equal to 1. We first define precisslich a balanced path. We can deduce from

the expressions of matriceg and W given in Lemma 4 thatw,v,, +w,V,, =1, and
W,,V;; +W,,V,, =0. Assume that the initial population of junior agulN?* (0)+ N? (0), is
equal to 1, and suppose we norm eigenvedtorin such a way that the sum of its two

components is equal to 1. If the vector of thaahitalues of the populations of the two kinds

of junior adults is equal to the eigenvector of thansition matrix associated to its largest

N 2+ (O)

eigenvalue(Nz_ O)] =V,, the population of junior adults will follow thiealanced growth

path

" The assumption that the reduction in the probigtili survival is the same for junior adults witthigh as with
a low level of human capital is debatable. Theeeiadications that people with a relatively highaaling level
are more exposed to the risk of being hit by Al8duse they have more sexual partners (Cognea@randh,

2005). There are also indications that these peamglenore aware of the risks of AIDS than less attutpeople
and understand faster the usefulness of not eng@wirisky behaviour, for instance they are momgponsive to
campaigns of information, and prevention (de Walq@94).The United Nations (2004) quotes severaliss
showing that poor and uneducated people are maly io engage in risky behaviour and to acquirg/MIDS.
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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* + N2 ()h™ .

4.1. Epidemics of thefirst kind

4.1.1. An epidemic hitting children

The epidemic takes place in period O and kills aegiyroportion of children. So, the
population of junior adults alive in period 1 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 eveydd period by the children, grandchildren, etc. whol wot be
born because of the death of their forebear. Ddmestiput will be reduced by the same
proportion in odd periods.

Let us investigate the problem at a more formatlleVhe value of parametes and A" are
decreased in a way such thgh/ A=dA/ A'<0 in period 0. Under this assumption, even if
the epidemic has been perfectly anticipated whaiojuadults set their investment decisions,
they would have not changed these decisions irt fsbthis information. Equations (20) and
(21) show that matrixv' is reduced by a factqi— a)dA/ A in period 0. So, the populations
of both kinds of junior adults in every odd peristarting in period 1 is reduced by the same
proportion. These populations remain unchangeden @eriods.

Equations (14), (15) and (16) show thatoisid periods the numbers of senior adults and of
children of each category, are unchanged. These ensmare reduced by the factor
(1- a)dA/ A in evenperiods starting in period 2. The only demographange in period 0 is
the death of children caused by the epidemic. Ttmgsthird consequence of the epidemic of
period O is an echo effect, which permanently ckanthe demographic structure of the
population. The share of junior adults is reducedvary odd period and increased in every
even period. Thus, even if domestic output per workenains the same in these periods,

domestic output per capita decreases in odd peaiedsncreases in even periods.
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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.

4.1.2. An epidemic hitting junior adults

The epidemic takes place in period 0 and kills gprtion 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.

Let us investigate the problem at a more formaglle8ince the epidemic is of the first kind,
we are in the situation in whichB and B' are decreased in a way such that
dB/B=dB'/B'<0 in period 0. Junior adults living in this perio@rfectly understand the
consequences of the epidemic when they make tleeisidns. According to lemma 2, they
will reduce their investment in their own healtmdatheir survival rates at the end of the
period will decrease by more than what results fribi epidemic. Junior adults will also
increase their investment in the health of theitdcen in period 1, which will improve the
survival rates of children in period 1. Thus, matyx has been changed in period 0, and
consequently the populations of junior adults imiqek 2. The relative variations in the

populations of juniors adults holding a high leaeld a low level of human capital, in this

period is
(31) dN2+ (2) _ Vlldail + (1_V11)da12
N2 @ PiViq
(32) dN? 2 _ v,da,, + 1-v,,)da,,
N2 (2) £ (1_ Vll)

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

dN™(2) +dN* (2) _ v;y(day, +da,)) + (1-v,,)(da, +day,)

(33) —= >
N (@2)+N™ (2 Py
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dY(2) _dNZ (2) +dN* (2) _
NZ(@h'* +N*(2h NZ(Q+N> (2

NZ (N> @)(h* —h") dN* (2) _dN> ()
[N2+(2)h +NZ (Qh" J[N2+(2)+N2‘(2)J NZ(@) N¥(2)

(34)

The following lemma is an extension of lemmas 2 and
Lemma 5. Let us consider a junior adult with endowment Imdaa decrease in the
coefficients of his survival function B/ B =dB'/B'< 0. His probability of survival and the

probability of survival of each of his children ighange by

dn(l) _ . [nBA/(AR) + B'+Bh|/(BI + B')
ST m(l) =@ 'B)ﬁ[nBA/(AR)+B+Bh]/(BI+B)+2 a- ,[>’ B W 'B)
1-a)1-p)
dA(e,) _ _1-a) Bl +B' r(Bl +B)” dB
(36) Ae,,) B(h-1)+nBA/(AR) (ﬂnBAl(AR)+IB'+Bh+2_a_,Bj B
Bl +B
[a-a)ei + B 1 an)

“[B(h-1)+nBA/ARnBA/(AR) + B+BH (- g)r (1) ()
Proof. See the appendix.

An epidemic decreases the probability of surviviagjumior adults, first because it increases
the death rate of this population, secondly bec@&ussluces 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. Thieotahg 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

(1-a)(Bl +B) [1_1—0 Bl +B' }
" Bh+B+nBA/(AR)|  1- 3 B(h-1)+nBA/(AR)
(37)
[1-a)(BI+B)] 1

- [B(h-1) + nBA/(AR|[NBA/(AR) + B'+Bh]| (1- g)r (1)
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has a positive lower bounB and an upper boun& smaller than 1.

Proof. See the appendix.

The following proposition will give the changeskitay 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 levellafiman 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 higdvél of human capital decreases, and the
population of junior adults with a low level of hamcapital increases. Thus, the proportion
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 seadtlts are unchanged.

The proof is in the appendix. When an epidemicdgdace, well-endowed junior adults will
spend more on the health of their children. Thi @antribute to increasing the proportion of
these children who will survive in period 2. Howgvemore 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 capitg|l, 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
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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 referemaanced growth path) at this time
horizorf. Thus, the demographic and economic effects aarlgl much more potentially
dangerous when the epidemic hits junior adults thla@n it only affects children.

The analysis of periods posterior to period 2 isibarsome. We know that, in the long run,
the shares of junior adults holding respectivelygh level and a low level of human capital
that is the income distribution will go back to ithealanced growth values. So, in contrast to
some contributions in the AIDS-related literatuike( 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 caemeh conclude on the long run change
in the total population of junior adults withoutrtiver assumptions. However, we can note
that just like ‘child’ epidemics and for the sanmeasons, we have some permanent effects,

notably on the demographic composition of the enono

4.2. Epidemics of the second kind
To unburden the presentation, we shall discussrpkcations of the epidemics of the second
kind in qualitative terms. Of course, the algebmaolved is pretty much similar to the

previous analysis.

4.2.1. Epidemics hitting children

The dynamics induced will depend closely on whettier parents of the children will
anticipate or not in t=-1 the shock taking plaeet=0. In the case where the shock is
unanticipated, we get a similar picture as the depicted in Section 4.1.1 devoted to
epidemics of the first kind hitting children. Butet shock might be perfectly anticipated: it
could be so in the case of a chronic disease ffilaaria) or because the economy has been
experiencing an epidemic hitting adults before twich is likely to be transmitted to
children (like AIDS). Let us isolate here the impa€ the epidemic hitting children at t=0,
anticipated by their parents one period beforeuich a case, as documented in Lemma 2 and
Lemma 3, the parents will spend less on their owalth and more on the health of their

children. This implies less senior adults in t=@ anore orphans too. In t=1, the number of

& However, the share of the active population inttheal population increases and we do not knovutpat per
capita increases or decreases.

26



senior adults is unchanged, and so is the numbehi@dren in the same period (since the
number of young adults in t=0 is not affected bg #pidemic). However, the number of
young adults generally diminishes in t=1. In effaobre orphans in t=0 means less young
adults in t=1, and such an induced drop shoulddsed to the direct effect of the epidemic
killing a proportion of children in t=0. On thehetr side, if the parents anticipate the
epidemic in t=0 and spend more on the health of tédren, then the survival probability of
children is higher, which tends to increase the lpemof junior adults in t=1. The latter effect
is generally dominated by the two former negativieeats, including the direct one.
Henceforth, the number of junior adults should droperiod t=1, leading to a further drop in
the number of children and senior adults in t=2wigeer, the number of junior adults in
unchanged in period t=2, since the number of chrdat t= 1 and their survival probability is
unaffected by the initial shock and its further sequences.

Therefore except the fact that the number of sesloits should also drop in t=0 in contrast
to the epidemic of the first kind hitting childréor which such a figure starts to fall from t=2,
we have qualitatively the same kind of demograpiyoamics as in Section 4.1.1: The
epidemics of the first and second kind hitting @feh at t=0 induce a permanent demographic
restructuring with the proportion of junior adutising in even periods and decreasing in odd
periods.

Nonetheless, in sharp contrast to the epidemichef first kind, the current epidemic
configuration has short and medium term distrilndioeffects. Even fully anticipated, an
epidemic of the first kind hitting children will h@ffect the income distribution because the
investment decisions of the junior adults are @matt. However, an epidemic of the second
kind does alter such investment decisions if &nficipated one period behind: junior adults at
t=-1 will invest more on the health of their chadrand less on themselves. The situation is
quite similar to the one algebraically investigatedSection 4.1.2 above which impact two
periods after the shock is summarized by PropasRicunder the same conditions, that it is if
orphans are more penalized in the access to aléngh of human capital than in terms of
survival rates, the proportion of unskilled junamtults or workers will drop in t=1, leading to

the fall of output per worker in this period.
Thus while the two epidemics share almost the squaditative demographic impact, the
short and medium term economic and distributiomalcuite different in the case where the

epidemics are anticipated by the parents. In pdatican anticipated epidemic of the second

27



kind hitting children has a negative distributioe#fliect in t=1 while the epidemic of the first

kind, even fully anticipated, has none.

4.2.2. Epidemics hitting young adults

In contrast to epidemics of the first kind hittipgung adults at t=0, the latter will not react by
cutting their health expenditures and increasiragehof their children: they will do just the
contrary. Nonetheless, this will not reverse a# tiesults stated in Proposition 2. In effect,
even if the young adults increase their health edjteres, the induced gain in life expectancy
is generally not sufficient to compensate the desgdn the number of young adults directly
caused by the epidemic in t=0. Henceforth, whilewilehave more young adults surviving in
t=1 and therefore less orphans compared to thestadeed in Section 4.1.2, we will still have
less senior adults and more orphans in t=1 compardte benchmark balanced growth path.
The situation is definitely worse in t=2: in corgrdo adults” epidemics of the first kind,
since the young adults in t=0 will invest less lne thealth of their children, we will have
unambiguously less junior adults in t=2. The prdpar of unskilled junior adults will also
increase (compared to the balanced growth pathgtlgxas in epidemic shocks studied in the

two previous sections, which lowers again outputvparker in t=2.

It seems therefore crystal clear that the epidewiidbe second kind generally lead to a more
negative evolution either from the demographic csrn®mic point of view. In particular, a
striking difference between the two epidemics iat thvhile the epidemic of the first kind
increases the number of junior adults in t=2, thiel@mic of the second kind induces just the

contrary. It is now time to switch to a more fadteradence to substantiate the discussion.

4.3. Discussion

In order to give a focused discussion, we shallceatrate on the short and medium-term
dynamics, say for example the outcomes at t=1,2.1®hg-run equilibrium has been already

studied in Section 3.2, and its properties sumradria Proposition 1. We shall also start with

some demographic projections in the AIDS case soroininate between the theoretical cases
studied above’

° By doing so, we have not in mind any kind of cadifibn or purposive empirical work. Of course, thet that
for analytical tractability we only consider onerjpel shocks does not allow for such a task.
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4.3.1. Demographic projectionsin the AIDS case

Fortunately, the disagreement on the economic imMp&AcAIDS does not extend to the
demographers, at least for the medium term horittlN/AIDS primarily affects the most
productive age group of men and women between #548nyears—the main breadwinners
and heads of households raising families and stipgothe elderly—and their children. All
studies conclude that the total population of coastseverely hit by AIDS will be much lower
in 20 or 25 years than if the epidemic had notraiace. Figure 1 (United Nations, 2684
presents the projected population size from 1998&b, taking into account the demographic
impact of AIDS as well as the hypothetical projeg@pulation without AIDS, for the 38 most
affected African countries. In 1995, their popuwatstood at 553 million, 6 million less than it
would have been without AIDS. By 2025, the popuolatof these 38 African countries will
reach 983 million, that is, 156 million (or 14 pmant) fewer than without AIDS. This number
can be decomposed between 98 million additionathdebetween 1995 and 2025, and 58
million children who will not be born because ottharly deaths of women of reproductive
age. In the most severe case, Botswana, wherentlyrreore than one in three adults is HIV

positive, population is expected to decline witthia 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 childrebdize age one)... Children who acquire the

HIV virus from their mothers during childbirth ordast feeding usually do not survive long

19 We can read in this report: “Iorld Population Prospects: The 2002 Revisfoimited Nations, Sales N°
E.03XI11.6), the United Nations Department of Ecories and Social Affairs Population Division incorpted
the impact of AIDS into the estimates and projewiof the population of 53 countries... They are parad
with hypothetical estimates and projections thakenao allowance for the existence of AIDS. Theelatire
derived from the application of the Population Bign standard projection program on the basis fifraptions
regarding the future course of mortality that aimilar to and consistent with those made with resge
countries that are still largely free from the HAMDS epidemic. The process to derive estimatesprofections
that explicitly incorporate the effect of HIV/AIDS more complex and made in several steps... In ro&tiye
investigated countries, the prevalence of HIV wi#krising at the time of the most recent obseimat In most
such cases, the projections assume that HIV pnesalevill peak sometimes during the period 2002-2080
about half of the countries, the peak prevalencssignated to have occurred already, between 1883801.
However, in some of those cases the evidence rema@ak that prevalence had indeed passed its peak...
Thereafter, prevalence levels are assumed to @eidia manner consistent with modifications of hvétar that
reduce the rates of recruitment into high-risk gand the chance of infection among those engagihggh-
risk behaviour.”
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enough to enrol in school.... Children die young fra#fV owing to mother-to-child
transmission and to the weakened ability of inféateothers to care for their infants and
young children”. Cohen (1998) notes on SoutherncAfr‘Infant mortality rates are already
rising sharply in countries with mature epidemiCildren born to mothers who are HIV
positive have a 30-60% chance of becoming posttieenselves... It is estimated that two-
thirds of AIDS-deaths will occur in children aged! Years... Child mortality rates are already
higher today than they would have been without AlIDSome high prevalence countries.
Thus child mortality rates are estimated as beb# higher in Botswana in 1996. By the year
2010 child mortality rates are expected to be tvasehigh in Botswana, 4 times greater in
Zimbabwe and about twice as high in Zambia and Mi&léEigure 2).

Finally, Figure 3 (United Nations, 2004) displape tage pyramid of Botswana, the country
with the highest adult HIV prevalence, in 2000 asdprojected for 2025, with and without
AIDS. In 2000, the impact of AIDS on the age staetof Botswana’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 fttraMalawi 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.

With these “stylized” demographic facts in mind, sleall examine now the adequacy and
predictions of our theory. To this end, we willnsader an epidemic hitting simultaneously
children and young adults, which will incidentaiylow us to provide a synthesis of the
properties established in Sections 4.1 and 4.ZitTeven better the demographic exposition
just above, we shall consider epidemics hittingen@ung adults than children, and examine

the implications for t=1, 2.

4.3.2. Testing thetheory
We shall test the theory on four points, two demapfic aspects (population size, age

pyramid), and two economic (output and productivityicators, income distribution).

a) Population size: Putting together the implications of epidemicstd first kind hitting

children and adults at t=0, one gets a quite cotffattual picture. In the short run, say
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b)

t=1, the epidemic hitting children mechanically @&ses the number of junior adults
while keeping unaltered the numbers of senior adaid children. Therefore, overall
the total effect of this epidemic is a decreasthesize of the population at t=1. On
the other hand, the epidemic hitting junior adoitdy modifies the number of senior
adults in t=1. So putting together both shockshaee a clearly declining population
size in t=1, which is correct. However, in t=2, get the counter-factual prediction:
while the epidemic hitting children decreases tlze ©f the population (both the
number of children and senior adults decline whetba number of junior adults is
unaltered), the epidemic hitting adults does thetreoy since the number of junior
adults gets increased in t=2 under this epidenge @oposition 2). Henceforth, if we
assume consistently with the AIDS evidence thamtloetality impact of the epidemic
is stronger on junior adults than on children, ve¢ @ counter-factual overall effect,
that is an increase in the population size in thediom-run (t=2), driven by the
increase in the number of junior adults in the qukrivhich is itself due to the increase
in the investment in the health of children follogithe shock at the end of the period
t=0.

In contrast, the epidemic of the second kind emttie opposite optimal investment
response under adult epidemics: more health expeadifor junior adults at the
expense of health expenditures on children. As resequence, the key mechanism
yielding the counter-factual prediction above istjteversed, and we get a much more
satisfactory picture if we want to replicate AIDSdum-term demographic impact.

This property is confirmed in the next point.

Age pyramid: In the short run (t=1), the epidemics of the fastd second kind both
imply a reduction in the proportion of young adulgich is also a key economic
implications since these adults are also the werkdrthe economy* The crucial
difference between the epidemics arises in t=2tiersame reason as before. While
the epidemic of the first kind (hitting adults) aid a mechanism inducing an increase

in the number of young adults in t=2, and therefomunter-factual age pyramid, the

! Note that in our case, this property is a nonidticonsequence of a shock which takes place irirtitial

period.

at t=2.

Naturally, a lasting epidemic like AIDS tedditionally a direct effect on the demographimposition
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d)

epidemic of the second kind does not and fits mbetter the medium-term age

pyramid in Figure 3.

Output and productivity: In contrast to the demographic indicators studiedve,

the epidemics of first and second kind both preditte worsening of economic
performance in the short and medium run. This chnaélaasily captured by declining
output per capita or output per worker or possii@th in t=1 and t=2. A nice feature
of the theory is that even in the case where thekiwg population is rising, which
happens to be the case of adult epidemics of thengekind in period t=2, this
demographic “advantage” is offset by the increggiroportion of unskilled, which

leads output per worker to fall down.

Income distribution: The same type of conclusions can be reached forkdisonal
effects. While only the epidemic of the second kihds a (probably slight)
distributional effect in the short run, that is t#bth have such a consequence in the
medium term, when t=2. Adult epidemics, eitherhd first or second kind, do trigger
an increase in the proportion of unskilled junialults in t=2, which features an
unambiguous impoverishment of the economies innte&ium run. It should be
clearly noted at this point that this property loé imodel derives from the singularity
of a rising category under epidemics, orphans. Unde working assumptions (see in
particular Proposition 2), that it is if orphang @anore penalized in the access to a high
level of human capital than in terms of survivaks which seems quite reasonable,
they will necessarily lead to the medium-term iasein the proportion of unskilled.
The recent demographic evidence on the quicklpgisiumber orphans is therefore of
crucial importance: if not conveniently treatedr (&xample by internationally funded
social aid programs for orphans), this problemkisly to induce a sharp worsening of

poverty in the medium run.

5. Concluding: doesfertility matter?
In our model, we have taken fertility as exogenduss is done in order to get an analytical
representation of demographic and economic dynaatiasy period. On a theoretical ground,

a persistent decline in life expectancy can inaeasdecrease fertility depending on parental
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preferences and on the way mortality is specifek (Hazan and Zoaby, 2006, for a purely
theoretical argument). Indeed, a sharp increaséild mortality (which happens under AIDS
for example) may give rise to an insurance effeating to a rise in fertility. On the other
hand, a Barro-Becker model (1989) where motherdremty supply labor would feature that
under a massive drop in labour supply, female @pdtion in the labor market will shift
upward, implying a decrease in fertility. Empirigathe debate is even less clear (see Young,
2005, versus Kalemli-Ozcan, 2006, in the AIDS case)this paper, we have adopted the
viewpoint of most demographers on the fertility &@bur response to AIDS: By the time
most HIV infected women die, they would alreadydngiven birth to several children. Hence,
fertility response to epidemics like AIDS could betually quite limited. Indeed, many
surveys report a lack of awareness of AIDS amomygitifected people themselves in sub-
Saharan Africa who seldom drastically modify the@xual behavior (see Kalemli-Ozcan,
2006).

Of course, this should not be an excuse to notttakdéurther step of endogenizing fertility in
our general theory of dynamics and income distrdoutunder epidemics. Of course, this
would be done at the expense of some of the dmestiaken in the current paper (for
example, the tractability of medium term dynamicBut the extension seems highly
promising. We shall illustrate its relevance byrape exercise on the current model.
Suppose that a junior adult living in period 0 hasthe end of this period, a number of
children reduced by the amoudih< . B the following periods fertility will be rested to its
initial level. We will assume that value of paraeref’ is zero to make the computations
almost immediate. Under this assumption, Lemmad3aastablish that this junior adult will

keep his spending on his own health and on theewvbibhis children unchanged. So, a junior
adult with an endowment of human capitdl will increase his investment in the health of
each of his children bye;, =—e,dn/n> .0The probability of survival of this child will
increase bydA(e},) = A-a)A(e;)de; /e, =—@A-a)A(e;;)dn/n>0 .

The number of junior adults alive in period 2 vellange 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 spede on the health of each of their children.

We can compute the total effect by differentiataggation (21)
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(38) (szi (2)] = [M ‘dn+ n(da” daﬂﬂ{N zi (0)j
dN* (2) da,, day, )|\ N* (0)
If we use equation (20) we get

(39) (dau dalzJ _

=—@-a)M'dn/n
da,, day,

Thus

(40) (dNi (2)] =aM '(N zi (O)jdn = a(N zi (2)jdn/ n<0
dN™ (2) N (0) N* (2

So, the consequence of a decrease in fertilityeimod 0 will be to reduce the population of
both kinds of senior adults in period 2 and evefoWing even period by the proportion
adn/n. The ratio between the numbers of well-endowed @oatly endowed junior adults
will be unchanged, but the population of junior sluwill be reduced by a constant
proportion in evergvenperiod. The numbers of senior adults and of candsf each category
will be reduced by the factomdn/n in odd periods starting in period 3. The only
demographic change in period 1 will be the reduciiothe 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.

In our exercise, the negative fertility shock haslear negative impact on the size of the
population at least in even periods, but no ef&dall on income distribution and investment
choices. The latter property is not the expectedarue in a Barro-Becker framework where
the quantity/quality of children trade-off is kejhis should be the next step of our research

in the topic.
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APPENDI X

Proof of Lemma 4

a) The eigenvalues of matrix ' are the roots of the characteristic equation

S(N) = p* = (ay, +,,) P+ (8,8, — ,8,) =0
The discriminant of this equation 8> . &o, the two eigenvalues ofi' are distinct and

real. Their product is given bg(0) = a,,a,, — a,,a,, > 0. Moreover we have
S@ =1~ (a11 + azz) + (a11azz - a12‘5121) =@- a:l.l)(l_ azz) a8y
As we havel-a, >a, and1l-a, >a,, We can conclude thag()>0. Thus, the two

eigenvalues of matrix/' are strictly included between 0 and 1.

b) We have

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

(azz —a;t \/Z)"n = 2312V21

We also have

(azz —a; - \/Z)\/ﬂ = 2312V22

So, a determination of the eigenvectors is giveredpyation (24). The two components\f
are positive and we can norm this eigenvector Hingey,, +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
(B, = a1y (Wy, = Wyy) + /A (W, +W,,) =1

SOw. = 1 \/Z+a11—a22>0 andw,, = 1

>0
"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,: which is true.o

Proof of Proposition 1

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

(N "t 2)] iy 'n(N ) (t)j :va{“ ) (t)J _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, )N* (©) +

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

This establishes directly property a).

b) The dynamics of populations can be written

NZ* (t+2) = (o) 2 vy [(Wy = W) N2 (0) + Wiy ]+ (0,1) 22V, [ (Woy = Wiy )N (0) + W,
NZ (t+2) = (0n) 22,0 (W — Wi, )N (0) + Wi, |+ (12,0) 22V, (W, = Wi, )N (0) + W
N (t+2)+NZ(t+2) =

(o0

)t /2+1 )t /12+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

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

number of low human capital junior adults.

Proof of Lemma5

We deduce from equation (15)
de,___d

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

[,3 nBA/(AR) +B+Bh 2—a—,8j Bdl

Bl+B

Bl + B'
l-a)1-p)dB _[,, _\nBA/(AR)+B+Bh dB_
r(Bl +B)* E_[(l 2 Bl +B +ﬂ} B0

If we differentiate equation (8) and use the prasiequation, we get equation (35). We
deduce from equation (7)

d/1( 1) (1 O’) Adeﬂ — —(1—0') Bl + B Bdl
Me.,) Ae, + A B(h-1)+ nBA/(AR) Bl + B

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

Proof of Lemma 6

Equation (5) and the conditions on the parametepdyitiat r is positive and has an upper

bound. Moreover, Lemma 1 established tha&l <h. The second expression dE

establishes
(1-a) 1 B* <E< (1-a) 1(Bh+B)**
nBA/(AR) + B+Bhr Bh+nBA/(AR) nBA/(AR) + B'+Bhr nBA/(AR)

Each of the two factors appearing in the first egpi@n of E are smaller than 1.

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

d(a, + ) = dfa(et bl Ja-c) +cf =
s o) e

e
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We use equation (36) and get

dla +a,)= n(r)(l_c){l_[Bh*+B+nBA/(AF\[§:]L[BE:1)+(BI 5L+Bn)llA/(AR)]1 B rl”)
o [a-a)er +8)f
[Bh +B+nBA/(ARB(h" —17 )+ nBAI(AR|1- B)r ")
e}

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

i Ja- c){l— [1-a)er* +B)f

[Bh + B+nBA/(AR|B(h" -1 )+ nBAI(AR|L- A) {1 *)

la- a)(BI +B)[
~CIan + B+nBAIAR Bl - 17 )+ nBAIAR - B)r Al ")

We use equation (14) and get

ﬂ(l+)(1—c){1 h-g) BB {1_1—41 _BI'+B }}
"Bh* +B+nBA/(AR)| 1- B B(h" —I") + nBA/(AR)

<cfi-a) BI* +B' {1_1—a : Eil +B'l }

Bh* + B+nBA/(AR)|~ 1- 8 B(h* -1") +nBA/(AR)

1< 1+L 1 (—a) Bl 1-a Bl
1-cnll” Bh* + B'+nBA/(AR) 1- 8 B(h" =17) +nBA/(AR)

Lemma 6 shows thaE(h*,I*) has a positive lower bound. So, fornear enough to 1, the
inequality is satisfied.
A similar computation shows that(a,, + a,,) > 0. Then, equation (33) establishes part a of

the proposition.
b) We have

= d{/] (ej )[n(l +)( p-cq)+ ch}
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(1-a)BI* +B)
d(a,) = K- C({ [Bh++B+nBA/(AR[)][B(h+ )+nE];A/(AR)]1 B)rli*)
T [a-a)BI* +8)[
q[Bh++B+n|3A/(AR)J[B(h+ 1)+ nBAIAR|1- ) {1 7)
e )

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

o cq[ -aler o) }

[Bh" + B+nBA/(AR)B(h" -17)+ nBA/(AR|L- B)r Al ")

s ar - a)(Bl +B)f
[Bh + B+nBA/(AR[B(n" -1 )+ nBAIAR|L- B)r (i *)

We use equation (14) and get

1>{1+

{1+ p‘ich;(llTﬂE(hﬂr)

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

BI* +B' l-a BI* +B'
+ (1_a) + 1 1 1_ + + 1
p-cq al i Bh" + B'+nBA/(AR) 1- 48 B(h" -17)+nBA/(AR)

1+ %4 1 o1 it yE s
p—cq 7\l E

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

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 Morcality Rate* With and Without
AIDS, Southern Africa; 2010
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*Child mortality rate is the number of children dgibefore age 5 per 1,000 live births.
Source: International Programs Center - Populddiemsion 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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