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Abstract Whereas life expectancy continues to increase in most industrial-
ized countries many developing and transition countries are today confronted
with decreases in life expectancy. Usual measures employed to compare wel-
fare over time and space fail to deal with such demographic change and may
lead to the so-called ‘repugnant’ conclusion that lower life expectancy in-
volves higher welfare per capita. We illustrate this type of transmission
channel using various welfare criteria and reference populations. We also
consider feed-back effects from the demography on the economy using a
neo-classical growth model. We show that the ‘repugnant’ conclusion can
be avoided if we choose a lifetime welfare measure instead of a period (or
snapshot) welfare measure. All concepts are illustrated empirically using a
small sample of developed and developing countries.
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1 Introduction

Whereas life expectancy continues to increase in most industrialized coun-
tries, many developing and transition countries are today confronted with
decreases in life expectancy, among other things caused by the AIDS epi-
demic and worsening health conditions especially in transition countries (see
e.g. UNAIDS, 2004). Usual welfare comparisons over time and space face
the problem that they fail to deal with such demographic changes. Aggregate
welfare indicators, as GDP per capita, do neither reflect differences in life
expectancy nor do they account for the number of preventable deaths. More
precisely, standard welfare measures usually disregard non-material sources
of personal well-being and have a strong focus on annual income flows, at
least in the empirical literature. Under these assumptions, cross country
welfare comparisons are not affected by differences in life expectancy. Like-
wise, we usually sidestep the issue of variations in population size, by under-
taking welfare comparisons in per capita terms. Then the implicit ethical
judgment is that we are ‘neutral’ to the population and indifferent to the
unborn. As discussed by Kanbur and Mukherjee (2003), Becker, Philipson
and Soares (2005) and recently empirically illustrated by Ravallion (2005) a
similar problem is also inherent in standard poverty measures and inequality
measures. If the poor face higher mortality rates than the rich, the poverty
headcount index decreases over time. Or, to put it bluntly, higher mortality
among the poor is ‘good’ for poverty reduction. The current AIDS epidemic
in developing countries, the 1918 influenza epidemic and the black plague
centuries ago might have reduced poverty by increasing the capital-labor
ratio, but also simply by killing the poor harder hit by the diseases.1 Most
people will agree that this kind of ‘repugnant conclusion’ (Parfit, 1984) is
incompatible with value judgements one may like to postulate when under-
taking welfare comparisons over time and space.2

The ethical and axiomatic issues related to welfare rankings of alterna-
tives with different populations are discussed in detail in a recent and excel-
lent monograph by Blackorby, Bossert and Donaldson (2005). Our objective
is not to contribute to the theoretical literature on population principles, but
instead to suggest and illustrate welfare measures which take into account
demographic change and which can help to avoid the ‘repugnant conclu-
sion’. In a first step we incorporate the dynamics of demographic change
in aggregate welfare comparisons. To do this, we use the methodology of

1For instance, Brainerd and Siegler (2003) find empirical evidence that the 1918 in-
fluenza epidemic had a significant positive effect on per capita income growth across the
US states in the 1920s.

2From a theoretical point of view, a welfare criteria implies the ‘repugnant conclusion’
if and only if any alternative in which each member of the population has a positive
utility level, no matter how high, is ranked as worse than some alternative in which a
larger population has a utility level that is above neutrality but arbitrarily close to it (see
Blackorby, Bossert and Donaldson, 2005).
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general multitype branching processes (Mode, 1971) allowing to compute
long-term welfare indicators for levels and distributions for the steady state
population resulting from currently observed demographic developments. In
other words, the steady-state or stable population constitutes the reference
population incorporating the long-term effects of currently observed demo-
graphic change which is not reflected in usual welfare comparisons. We
illustrate how welfare comparisons using such type of reference population
are affected by changes in life expectancy. In a second step, we consider
also economic feed-back effects from a standard Solow-type growth model,
but in which we incorporate more realistic demographic assumptions. This
exercise will highlight the economic transmission channels between changes
in life expectancy and per capita income by considering the joint develop-
ment of the mean age at consumption, the mean age at activity and the
equilibrium per capita capital stock. Such an analysis nicely shows which
mechanisms drive the ‘repugnant conclusion’. In a third step, we show that a
switch from period welfare measures to lifetime welfare measures can avoid
that conclusion. All three steps are illustrated empirically using a small
sample of countries some of them strongly affected by the AIDS epidemic
and all at very different stage of development.

The rest of the paper is organized as follows. Section 2 presents our
theoretical framework and our methodology. Section 3 describes the sample
of countries and the data sources used for illustrative purposes. In Section
4, first the steady state welfare properties for the different countries are
analyzed. Welfare rankings using the population at the steady state are
compared with standard welfaristic rankings. The transition paths to the
steady states are analyzed and welfare comparisons for alternative assump-
tions on life expectancy are undertaken. Second, the impact of economic
feed-back effects is considered. Third, the previous analysis is extended by
considering a lifetime income instead of a period income measure. Section
5 concludes.

2 Theoretical foundation and methodology

2.1 Welfare changes without economic feed-back effects

In a first step we make the assumption that personal well-being—for sim-
plicity ‘income’ in what follows—in period t of individual i, yit is solely
determined by the age of individual i in t, ait, that is:

yit = f(ait). (1)

In consequence, we omit all other factors which might influence yit, at the
level of the individual as well as at the level of the whole economy. In such
an economy all changes in mean income ȳt, the distribution of income Ft(yt)
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or in any welfare index like W (Ft) =
∫ ymax

t
yt=0 w(yt)dFt(yt)dyt (w being a non-

decreasing function of yt) are then driven by changes in the population age
structure. For instance, mean income ȳt is simply the age income schedule
f(y|a) integrated over the population density function observed in t:

ȳt =
∫ amax

a=0
f(y|a)dFt(a)da. (2)

If age is measured in discrete terms, e.g. in years, we can write equivalently:
ȳt =

∑amax

a=0 y(a)gt,a, where gt,a is the population share at age a in t. Again,
the income schedule f(y|a) is assumed completely exogenous, i.e. without
considering any feed-back effects of changes in the population age structure
on f(y|a).

Obviously if this framework is used welfare comparisons over space de-
pend not only on differences in the income schedule f(y|a), but also on
differences in the population age structure dFt(a). Usual welfare compar-
isons neglect this issue, i.e. comparisons in t do not take into account the
effects on W (Ft) of changes in the population age structure resulting from
current mortality and fertility conditions in the medium and long term.3

Hence, a more adequate comparison would be one using a consistent refer-
ence population.

Such a reference population can be constructed by assuming that the
currently observed mortality and fertility conditions prevail. It can easily
be shown that such a population will converge when t → ∞ to a stable
population, i.e. a population with a constant age structure and a con-
stant population growth rate. To derive this equilibrium population and
its ergodic properties, one can use the methodology of multitype branching
processes. The idea of multitype branching processes is that each individual
in the population produces a random number of offspring of various types
(Mode, 1971). The verb ‘produce’ can refer to very different phenomenon,
i.e. females reproducing children or simply to a certain mobility process
between different population types. Specifically, an individual of type i at
period t could ‘move’ to type j at period t + 1. In this case between period
t and period t + 1, individual i ‘produces’ one unit of himself in the type-j
group. In what follows the only type differentiation we consider is by age.

When age is counted in discrete units, the projection matrix of our
branching process becomes the so-called n × n Leslie matrix (Chu, 1998):

Q =

⎛
⎜⎜⎜⎜⎜⎝

0 0 · · · 0 Fα · · · Fβ · · · 0 0
p1 0 · · · 0 0 · · · 0 · · · 0 0
0 p2 · · · 0 0 · · · 0 · · · 0 0
...

. . .
...

0 0 · · · 0 0 · · · 0 · · · pamax−1 0

⎞
⎟⎟⎟⎟⎟⎠ , (3)

3In what follows we neglect the contribution of migration to changes in the population
age structure.
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where Fa is the probability that a person aged a will bear a child, α and β
refer to the youngest and the oldest ages of possible female reproduction, pa

refers to the probability that a person aged a can survive to age a + 1, and
amax is assumed to be the upper bound of human age.

The Leslie matrix can be decomposed into the following four blocks:

Q =
(

A 0
D C

)
, (4)

where 0 is an (n−β)× (n−β) zero matrix, A is β×β, D is (n−β)×β, and
C is β×(n−β). Such a block decomposition implies that females older than
β can never produce any offspring of type (age) α ≤ β in the future. As
shown in Chu (1998), all the relevant information regarding the dynamics of
the population is contained in A. The age group beyond the upper bound of
reproduction, β, does not contribute to the intrinsic growth rate of the whole
population. More precisely, Parlett (1970) proved the following theorem:

Theorem 1: Parlett 1970, p. 194
(i) The eigenvalues of A and the eigenvalues of C constitute the eigenvalues
of Q. (ii) No eigenvalue of A is zero, and all eigenvalues of C are zeros. (iii)
For any eigenvalue λ of A, let v and u be the right and left eigenvectors; that
is, Av = λv, uA = λu. The right and left eigenvectors of Q are determined
by

Q

(
v
ṽ

)
=

(
v
ṽ

)
λ, (5)

(u, ũ)Q = λ(u, ũ),

where ṽ1 = D1,βvβ/λ, and ṽj = Cjj−1ṽj−1/λ, j = 2, . . . , n − β; ũk = 0, k =
1, . . . , n − β.

Theorem 1 says that to understand the ergodic properties of an age-
specific branching process, it is sufficient to concentrate upon the block
matrix Aβ×β. Parlett (1970) showed that A is nonnegative and positively
regular and, in consequence, according to Mode (1971), A has a positive
dominant eigenvalue � of multiplicity one; that is, if λ is any other eigenvalue
of Q, then |λ| < �. Intuitively, people who are still reproductive can produce
children of age 1, who in turn have a positive probability to move to any age
equal to or younger than β; so A is irreducible. As shown by Chu (1998)
the dominant eigenvalue of A, �, is the gross population growth coefficient
in the steady state. Formally:

� ≈
∑amax

a=0 Nt+1,a∑amax

a=0 Nt,a

, (6)
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where Nt,a is the number of individuals of age a in t. When � is greater than
1, population size will expand, whereas when � is less than one, population
size will contract.

Moreover, Chu (1998) also showed that the age structure for ages younger
than β will be proportional to elements of v as t → ∞. Then Theorem 1,
can be used to calculate ṽ and Equation (5) to infer the time-invariance of
the overall age structure in [0, amax]. More precisely, defining Bt as the total
size of births in t, Bt−a as the total size of births in t − a, where a refers as
before to age, la as the probability that a person can survive to age a, i.e.
la = p1 × · · · × pa, and ma as the average number of births per surviving
person aged a, we can write the following accounting identity:

Bt ≡
n∑

a=0

Bta lama =
n∑

a=0

Nt,ama, (7)

which is Lotka’s (1939) well-known renewal equation. As shown above Bt

will grow at the rate �− 1 in the steady state. Because at period t there are
Bt−ala individuals aged a, the proportion of aged-a people, denoted gt,a, is:

gt,a =
Bt−ala∑amax

a=0 Bt−ala
(8)

substituting Bt = B0�
t, we obtain for the steady state population:

gt,a → ga =
la/�

a∑amax

a=0 la/�a
. (9)

Hence, in the steady state the age structure is time-invariant (stable popu-
lation) and the population grows at the constant rate � − 1.

Using the age structure of the stable population from Equation (9) as
weighting scheme, we can compute—given all the assumptions made above—
the mean income ȳ as defined in Equation (2) or any other welfare measure
conditional on age. By varying, for a given population, the mortality la
and/or fertility conditions ma, this framework then allows to perform com-
parative static analysis. Moreover, it allows to undertake welfare compar-
isons between countries having different mortality and fertility conditions
using the country’s stable population as reference population. Using Equa-
tion (8) it is also possible to compute the population age structure in t and
thus the welfare measure for each period on the transition path to the steady
state.

2.2 Welfare changes with economic feed-back effects

So far, we made the strong assumption, that the age-income profile f(y|a)
is time invariant and, in particular, that there are no feed-back effects from
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changes in the population structure on the economy. This assumption will
now be removed. To do this, we use a relatively simple framework based on
a neoclassical Solow-type growth model (Arthur and McNicoll, 1978; Chu,
1998).

As before, the population structure is assumed to be stable: B(t) =
B0e

rt, and the population size is given by:

N(t) = B(t)
∫ amax

0
e−ral(a)da, (10)

where r is the population growth rate. For simplicity, we now classify the
age groups continuously. In this case all the insights of the analysis in
the previous discussion remain, and we only have to change the notations
accordingly. With an age-specific labor-force participation function h(a),
the total size of the labor force is:

L(t) = B(t)
∫ amax

0
e−ral(a)h(a)da. (11)

Let K(t) be the size of period-t capital, we assume that total output is
determined by a production function F : F (K(t), L(t)) = Y (t). Production
Y (t) has to be spent on consumption C(t) and capital accumulation K̇(t):

Y (t) = C(t) + K̇(t). (12)

The usual assumption in neoclassical growth models is that F is homoge-
nous of degree one. Thus, for k(t) ≡ K(t)/L(t) and c(t) ≡ C(t)/L(t), we
have:

F (K(t), L(t))
L(t)

= F

(
K(t)
L(t)

, 1
)

≡ f(k(t)) = c(t) +
K̇(t)
L(t)

. (13)

In a Solow-type steady state (Solow, 1956), K(t), L(t), and C(t) all grow at
the same rate, which is r. Thus, dropping the time subscript t in the steady
state, we have K̇ = rK, and hence Equation (13) becomes c = f(k) − rk,
or:

cL = [f(k) − rk]L. (14)

If the economy follows Samuelson’s (1965) ‘golden rule’ path, then f ′(k) =
r, i.e. the economy grows with the growth rate of the stable population
(r=� − 1).

The left-hand side of Equation (14) is the societal total consumption,
whereas the right-hand side is the total net output. Substituting in the
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formula of L(t) under a stable population, the societal budget constraint
can be rewritten as (Chu, 1998):∫ amax

0
e−ral(a)c(a)da = [f(k) − rk]

∫ amax

0
e−ral(a)h(a)da. (15)

Differentiating the logarithm of both sides of the above equation with respect
to r, and noting that (∂k/∂r)(f ′(k)− r) = 0 by the golden-rule assumption,
we get:∫ amax

0 e−ral(a)∂c(a)
∂r da∫ amax

0 e−ral(a)c(a)da
= (ā − āl) − k

c
+

∫ amax

0 e−ral(a)∂h(a)
∂r da∫ amax

0 e−ral(a)h(a)da
, (16)

where āl is the mean age of the participation-weighted labor.
If the labor-force participation rate h(·) is not affected by the change in

r, then the right-hand side of Equation (16) has only two terms. The first
term is the difference of mean ages ā− āl and the second term is −k/c, which
was called by Arthur and McNicoll (1978) the capital-widening effect. There
is such a capital widening because an increase in the population growth rate
calls for greater investment to maintain the steady-state level of capital
per head, and that diverts resources from capital deepening. Lee (1980)
summarized this result by the following theorem.

Theorem 2: Lee 1980, p. 1146
Along a neoclassical golden-rule path with an age-specific stable population
structure, the proportional change of per capita consumption equals the change
in population growth rate times the difference between the mean ages of con-
sumption and earning, minus the capital widening effect, plus the propor-
tional induced change in the labor-force size.

Using Theorem 2 the economic feed-back effects from changes in the age
structure on the age-income profile, f(y|a), can be taken into account when
making welfare comparisons for a given country, but assuming alternative
mortality (la → l′a) and fertility conditions (ma → m′

a). More precisely,
changing the population growth rate by dr = r − r′, changes income at all
ages by the factor:

(y′ − y)/(y) = dr[(ā − āl) − k

c
+ H], (17)

where H stands for the induced change in the labor-force participation rate
h(·), i.e. the third term on the right-hand side of Equation (16). Combining
Equation (17) with the new population structure obtained under l′a and m′

a,
it is straightforward to compute mean income according to Equation (2) and
to compare it with those obtained under la and ma.
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2.3 Welfare changes with a lifetime welfare measure

In a next step, we extend our period welfare measure to a lifetime welfare
measure. Whereas above, changes in life expectancy affected the welfare
measure only through changes in the population structure, we now introduce
life expectancy explicitly. To do this, we take an individual and apply to
him the prevailing age-mortality pattern, i.e. we send him through the
corresponding life-table. This provides us with the expected share of a year
La this individual will live at each age a. Integrating income over the length
of life T and discounting it by the time preference rate i yields the following
lifetime welfare measure:

yL =
∫ T

t=0
y(a)e−itLadt, (18)

with 0 ≤ La < 1. The lifetime income per year expected to live can be
computed by: ȳL = yL/

∫ T
t=0 Ladt. Given that mortality depends in our

framework only on age, all individuals in a given population at a given point
in time (or in a given steady state) face the same mortality conditions and
hence Equation (18) gives also the mean lifetime income in the population.

3 Data sources and mortality scenarios

For an empirical illustration of our approach, we use a sample of five de-
veloping and developed countries: Burkina Faso and Côte d’Ivoire, which
are classified as ‘Least Developed Countries’ (LDC), Indonesia and South
Africa, which are classified as ‘Middle Income Countries’, and Germany as
an example for a developed or industrialized country. Besides economic het-
erogeneity, this sample presents interesting differences regarding the mor-
tality and fertility patterns as well as the population age structure. For
instance, Germany is characterized by a relatively old population structure,
by a low fertility rate and by an overall low mortality rate resulting in a
high life expectancy of 77.7 years. In contrast the developing countries have
a relative young population structure and high fertility and mortality rates.
In particular, Côte d’Ivoire and South-Africa are strongly affected by the
AIDS epidemic, which means that the mortality rates are particular high
for the intermediate age groups and for the newborn (by mother to child
transmission). The life expectancy ranges from 46.5 (Burkina Faso) to 63.0
(South-Africa).

All the data sources we used to compute the necessary variables and
parameters are listed in Table A1. For the computation of the age-income
profiles Equation (1), we use household survey information on household
income per capita in the case of Germany and household expenditure per
capita in the case of the four other countries. More precisely, we estimate
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for each country the following polynomial equation.

log yi = β0 + β1ai + β2a
2
i + β3a

3
i + ui, (19)

where log yi is the logarithm of household income (expenditure) per capita,
and ai refers to the age of individual i. Then we use this equation to compute
for each country the conditional mean income for each five-year age group
( ̂log yi|ai):

̂log yi|ai = β̂0 + β̂1ai + β̂2a
2
i + β̂3a

3
i . (20)

The resulting age-income profiles are shown in Figure 1. For Germany, we
use two different income concepts: First, household net income and, second,
household net income minus pensions and retirement payments. Old-age se-
curity payments play an important role in Germany, much more than in the
other countries in our sample. Hence, it is interesting to analyze the welfare
effects with and without this income source. Given that our computations
are based on cross-section estimates, it should be noted that they mix age,
period and cohort effects. In other words, the ‘true’ age-income profile, can
be different from the presented one if income varies strongly from cohort to
cohort independently from age and if income is strongly affected by period-
specific shocks (see e.g. Lillard and Willis, 1978). To make the age-income
profiles and the results of the welfare analysis comparable across countries,
we use US Dollar PPP conversion factors. All values are than adjusted to
the year 2000 using the national consumption price deflators.

[insert Figure 1 here]

For the analysis of the economic feed-back effects, we calibrated for each
country a neo-classical Cobb-Douglas production function using National
Accounts data and typical values for partial production elasticities taken
from the literature.

The observed population structure and the computed steady state popu-
lation structure for each country is presented in Figure 2. For our developing
countries one can note a rather young population age structure in the base
year and in the steady state. In contrast, the age structure in Germany
is quite old at present and moves to an even older population structure in
the steady state. Figure 2 shows also the population structure which re-
sults when a cohort of 1,000 individuals is sent—as described in Section
2.3—through a life-table based on the observed country-specific mortality
conditions. This population model is called a ‘stationary population’ and
is used for the lifetime welfare measure. All populations are constructed by
computing for a given level of life expectancy the age-specific mortality rates
with a Ledermann-Model life-table (Ledermann, 1969).

[insert Figure 2 here]
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In our analysis we compute the steady state population for four different
mortality scenarios. The first scenario is the ‘observed’ or ‘stable’ mortality
scenario, based on observed life expectancy at birth of the respective coun-
tries. The second scenario is called the ‘low’ mortality scenario. Here we
take the minimum value of life expectancy of 27.5 years used by the United
Nations to compute the Human Development Index (HDI) for almost all
countries in the world (UNDP, 2004). The third scenario is called the ‘high’
mortality scenario, which is, in contrast, calculated on the basis of the maxi-
mum value of life expectancy of 87.5 years used to compute the HDI (UNDP,
2004). For the fourth scenario, called the ‘low/AIDS’ mortality scenario, we
introduce a mortality pattern which resembles that of a population strongly
affected by AIDS, i.e. we take again the minimum value of life expectancy at
birth, but leave the mortality rates unchanged for the age groups 5 to 14 and
65 and above with respect to their observed values and adjust—respecting
the Ledermann model life tables—only the mortality rates of the age groups
0 to 5 and 15 to 64 such that the resulting life expectancy is equal to 27.5.

4 Results

4.1 Welfare changes without economic feed-back effects

Table 1 compares the population mean income observed in the base year with
the mean income obtained using the steady state population as weighting
scheme. As described above, the steady state population is computed for
four different scenarios: ‘stable’, ‘low’, ‘high’, and ‘low/AIDS’. In addition
we provide for each scenario the steady state dependency ratio (inactive
population over active population), the steady state population growth rate,
and the steady state Gini-coefficient, which takes only into account ‘between-
group’ inequality, given that income is assumed to be homogenous within
age groups.

[insert Table 1 here]

First of all one can state that for each country considered the steady
state income under the current mortality conditions (‘stable’) is above the
observed income in the base year, except for Germany when retirement
payments are not included in the welfare measure. The transition to the
steady state, would last between 12 to 15 periods, that is 60 to 75 years.
However, the major changes occur within the first 40 to 50 years.

For Burkina Faso and Côte d’Ivoire—the two low life expectancy and
Least Developed Countries (LDC) in our sample—the steady state mean
income is higher than the observed mean income, because the dependency
ratio in the steady state is lower than in the base year. This is the effect of
a very high population growth rate in the past, which, given its recent de-
crease, results in a higher share of the active population in the medium and
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long term and therefore also in the steady state population. This positive
dynamic would not show up, if only current income levels were considered.
Inequality remains more or less constant for Burkina Faso and decreases
slightly for Côte d’Ivoire. If the population age structure which results from
the ‘high’ life expectancy scenario is used as weighting scheme, per capita in-
come is lower than under stable mortality conditions for both countries. This
is due to the higher dependency ratio, or equivalently to a higher population
weight in the age groups having rather lower per capita income (compare
with the age-income profiles presented in Figure 1a and 1b). Conversely,
the pure demographic effects of lower life expectancy (‘low’) result in a per
capita income, which is higher or at least not lower than in the steady state
under constant mortality conditions. This is however not anymore the case,
if the lower life expectancy is introduced such that it increases mortality
like the AIDS epidemic only among the newborn and the active population.
Under these conditions mean income is clearly lower. In sum, the pure de-
mographic effects suggest, given the inverse ‘U’-shaped age-income profiles,
that higher population growth leads to a higher dependency ratio and there-
fore lower per capita income and lower population growth leads to a lower
dependency ratio and therefore higher per capita income. This corresponds
to the traditional thesis advocated by ‘population pessimists’ that popula-
tion growth per se is an obstacle to development (see e.g. Ehrlich, 1968).
We also find a kind of repugnant conclusion in the sense that the consid-
ered reductions in longevity increase per capita welfare. However, so far
we did neither account for any economic feed-back effects nor did we try to
take explicitly into account lost lives connected with the different mortality
scenarios.

For the middle income countries, Indonesia and South-Africa, the effects
are similar to those computed for the LDC’s. However there are two inter-
esting differences. First, in Indonesia the steady state income in the ‘high’
scenario is lower than the observed income in the base year. This is due
to the fact, that the dependency ratio tends to increase in these countries,
given the significantly higher observed level of life expectancy than in the
LDC’s and an increasing share of older individuals (aging). Second, in both
countries even under the ‘low/AIDS’ scenario lower life expectancy leads to
significantly higher per capita income.

For Germany the effects are very different. This follows from several
particularities. First of all, the current observed life expectancy is already
very high with 77.7 years. Second, it is the only country out of the five,
with an observed negative population growth rate. Third, the German pop-
ulation is by far the oldest in the sample and has due to the negative pop-
ulation growth rate, by far the lowest share of young people and therefore
a very low dependency ratio despite the high life expectancy. Recall, that
the dependency ratio is here only defined by age and independent of actual
labor market participation behavior (the population 15 to 64 years old is
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considered as active). Fourth, given the public pension system the Ger-
man age-income profile is not shaped like an inverted ‘U’, but is instead
a concave increasing function of age (Figure 1c). If the current mortality
conditions prevailed, Germany would experience a higher per capita income,
due to the fact that the population would further age and therefore have
a higher population density among the richer age groups. This ‘positive
effect’ is of course even reinforced, if life expectancy is assumed to increase
further as in the ‘high’-scenario. Surprisingly, a switch to a regime charac-
terized by a very low life expectancy would not much alter the per capita
income relative to the ‘stable’-scenario. This is because, the ‘low’-scenario
is characterized not only by higher old-age mortality, but also by higher
child mortality. Whereas the first effect reduces mean per capita income
given the age-income profile, the second effect increases mean per capita
income. In sum, mean per capita income does not change much. However,
both ‘low’ scenarios yield significantly lower inequality. All these effects are
completely different, if we take the age income profile shown in Figure 1d,
which excludes pensions and retirement payments. Then welfare decreases
when moving to the stable population. A lower life expectancy has a positive
and a higher life expectancy a negative effect, but in none of these scenarios
income per capita is higher than in the base year.

Again, so far we only analyzed the pure demographic effects assuming
a constant age-income profile and maintaining a strict period-specific view,
side-stepping the issue of lost or gained life due to higher or lower mortality.
Both issues will be addressed in the two following sections.

4.2 Welfare changes with economic feed-back effects

To take into account the economic feed-back effects of demographic change,
we use the methodology presented in Section 2.2. This methodology allows
to compute the change of mean per capita income for a one percentage point
change in the equilibrium population growth rate under the ‘golden-rule’ as-
sumption. In this framework the direction and magnitude of the change is
driven by two forces: the steady-state physical capital per capita divided
by the steady-state consumption per capita on the one hand, and, by the
difference of the mean age at activity and the mean age at consumption
in the steady-state population at the other hand (see Equation (17)). The
results are shown in Table 2. In each case the comparison is done relative
to the stable population. In other words, we ask, what would be the de-
mographic effect including the economic feed-back effect of a higher (lower)
life expectancy with respect to the pure demographic effect under constant
mortality conditions.

[insert Table 2 here]
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Burkina Faso and Côte d’Ivoire have both a very low mean age at con-
sumption and a relatively high age at activity, that is a difference between
both in the steady state of roughly ten years. Therefore, given the model as-
sumptions, additional population growth has a negative effect on per capita
income because higher population growth means more children being sup-
ported by relatively fewer productive people. However, the so-called ‘capital-
widening-effect’ is rather low, given the relatively low ratio between capital
per capita and consumption per capita. In other words, as Table 2 shows, it
is easier to maintain the per capita endowment with capital in Burkina Faso
and Côte d’Ivoire than in Germany. Therefore, paradoxically, accounting for
economic feed-back effects makes lower life expectancy and therefore lower
population growth in these countries even more beneficial and, conversely,
higher life expectancy and therefore higher population growth less beneficial.
However, the ‘low/AIDS’-scenario is clearly worse than the ‘low’-scenario.
The quantitative effects involved are now much higher than in the previous
section. For instance the absolute difference in per capita mean income for
Burkina Faso between the ‘low’ and the ‘high’ scenario is more than 200
USD PPP per capita per year.

For Indonesia and South-Africa, the difference in the mean age at con-
sumption and the mean age at activity is lower than in the LDC’s therefore
the effects involved are less important but go in the same direction as for
Burkina Faso and Côte d’Ivoire.

In contrast, for Germany when including retirement payments into the
welfare measure we have exactly the opposite result. The mean age at con-
sumption is—given the rather ‘old’ population—significantly higher than
the mean age at activity. Under these conditions lower life expectancy
and therefore lower population growth has a negative effect on mean in-
come per capita (-125 USD PPP) and higher life expectancy and therefore
higher population growth has a positive effect on income per capita (+250
USD PPP). However, the pure feed-back effect is very small, first, because
Germany has already a very high life expectancy, and second, because Ger-
many would rather need population growth through higher fertility, that
is a higher share of young people than population growth through lower
old-age mortality, that is a higher share of old people. If in comparison,
we deduce retirement payments from the welfare measure, we receive again
exactly the opposite result. Hence, a crucial issue is whether the old-age
security system can be maintained in its current form in Germany and to
what extent individuals will transfer income through private savings from
activity to retirement.
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4.3 Welfare changes in a life-time perspective

Now we change the perspective of our analysis by using a lifetime instead
of a period welfare measure.4 According to the methodology described in
Section 2.3, we send an (representative) individual through four different
mortality patterns or life-tables: ‘observed’, ‘low’, ‘high’ and ‘low/AIDS’
and compute the corresponding welfare measure formulated in Equation
(18). As time discount rate we choose arbitrarily 1.5 percent. The age
structure which follows in the case of the ‘observed’ scenario is shown in
Figure 2 (‘stationary population’). Given that we take for each country
one single individual and thus the same birth cohort size, the results are
comparable across countries. We have thus a very simple, but intuitive tool
to take into account the welfare effects of changes in life expectancy.

Table 3 shows for each country and each mortality scenario lifetime in-
come and lifetime income per year expected to live. Regarding lifetime
income per year expected to live, we have, as one can expect no substantial
difference with respect to the results presented in Table 1 and 2. But if we
retain lifetime income as welfare measure, we receive significant differences
in our welfare rankings. A low life expectancy now reduces substantially wel-
fare despite the related economic feed-back effects. The so-called ‘low/AIDS’
scenario is even worse. Conversely, a high life expectancy is connected with
important welfare gains. For instance, for South-Africa, the ratio between
observed lifetime welfare (50,938 USD PPP) and lifetime welfare under the
‘low/AIDS’ scenario with economic feed-back effects (27,428 USD PPP) is
almost 1.9. That means welfare measured in these terms could be nearly
twice as high in the steady state without the AIDS epidemic than with the
AIDS epidemic. If the optimistic scenario of an increasing life expectancy
is taken as reference point, this ratio attains even almost 2.3.

[insert Table 3 here]

If we compare the two West-African countries, Côte d’Ivoire and Burkina
Faso, using observed mean income, we find that Côte d’Ivoire is much richer
than Burkina Faso. Lifetime income under the current mortality conditions
is in Côte d’Ivoire also 1.6 times as high as in Burkina Faso. However, Côte
d’Ivoire is today harder hit by the AIDS epidemic than Burkina Faso. If
we make the hypothetical experiment that AIDS remains on a high level in
Côte d’Ivoire and remains on the actual and lower level in Burkina Faso,
we find that both countries end up with quite similar lifetime welfare, i.e.
19,173 USD PPP in Côte d’Ivoire and 17,572 USD PPP in Burkina Faso.
If a favorable development of life expectancy is assumed for Burkina Faso,
the ranking is even completely reversed: Burkina Faso would then enjoy a

4When constructing the lifetime welfare measure, we may underestimate incomes in
older ages, given that we confound age and cohort effects (see Section 3).
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welfare level almost 1.2 times as high than Côte d’Ivoire (22,865 USD PPP
vs. 19,173 USD PPP).

5 Conclusion

We incorporated the dynamics of demographic change in aggregate wel-
fare measures to illustrate the direction and magnitude of the transmission
channels between mortality, life expectancy, and welfare. The comparison
between the two high population growth countries—Burkina Faso and Côte
d’Ivoire—, the two low population growth countries—Indonesia and South-
Africa—and the the negative population growth country—Germany—, re-
vealed interesting differences in the long-term welfare consequences of de-
mographic change. Moreover, Germany as the only country in the sample
with a substantial social security system, has also a very different, namely
increasing, and not inverted ‘U’-shaped, age-income profile. In the high
population growth countries a further increase in population growth leads
to a higher dependency ratio and therefore lower income per capita and, on
the contrary, a decrease in population growth leads to a lower dependency
ratio and therefore higher income per capita. This is the case whether eco-
nomic feed-back effects are taken into account or not. This type of result is
inherent in classical utilitarianism, but is however incompatible, with value
judgements one may like to postulate when undertaking welfare compar-
isons over time and space. Or, as Blackorby, Bossert and Donaldson (2005,
Chapter 5) show, classical utilitarianism leads to the ‘repugnant conclusion’
and this can be seen as a significant shortcoming. Classical utilitarianism is
a fixed population principle and thus not adapted to rank alternatives with
different populations. By extending the period welfare measure to a lifetime
welfare measure, thus taking into account the length of life, it is possible
to develop welfare measures which avoid the repugnant conclusion. Finally
our considerations show nicely—as does the study of Anderson (2005)—that
a life-time welfare measure instead of period welfare measure can substan-
tially alter the conclusions regarding the economic effects of AIDS, which
are in many studies rather low, because the usual period and per capita
consideration is adopted (see e.g. Young, 2005).

Appendix: Data sources

[insert Table A1 here]
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Table A1
Data sources

Data Source
Household survey data

Burkina Faso Priority survey (National Statistics Office and World Bank) 1998
Côte d’Ivoire Priority survey (National Statistics Office and World Bank) 1998
Germany German socio-economic panel study 2000 (DIW)
Indonesia Indonesian family life survey (IFLS3) 2000 (RAND)
South-Africa Income and expenditure household survey (World Bank) 2000

Demographic data

Population by age United Nations demographic yearbook
Age-specific fertility rates Demographic and health survey macro
Age-specific mortality rates Ledermann model life tables (Ledermann, 1969)
Life expectancy United Nations demographic yearbook

Economic data

GDP World development indicators 2003
GDP deflator World development indicators 2003
PPP conversion factors Penn world tables 2000
Gross fixed capital formation World development indicators 2003
Labor force United Nations demographic yearbook
Physical capital Nehru and Dhareshwar (1993) data set
Partial production elasticities Taken from the literature
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Figure 1
Age income profiles

(a)
Burkina Faso
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Figure 2
Population structures

(a)
Burkina Faso
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