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Quality, Quantity and Duration of Lives

Jean-Yves Ducldsand Bouba Housseini

February 17, 2015

Abstract

The evaluation of development processes and of publicipslaften in-
volves comparisons of social states that differ in inconsgrithutions, popu-
lation sizes and life longevity. This may require sociallestion principles
to be sensitive to the quality, the quantity and the duratiblives. This
paper 1) reviews some of the normative issues at stake, gppes and dis-
cusses some specific methods to address them in a genernatitiaaian
framework, and 3) briefly illustrates the application of ®af these meth-
ods to the global distribution of incomes, population siaesl longevity
over the last century. Depending on the approach takenfauislinter alia
that global social welfare in 2010 can be deemed to be betd/&eand 407
times that of 1910, the role given to the quantity of livesnigeparticularly
important in that assessment.

Keywords: Global welfare; Critical-level utilitarianism; Social&uation;
Longevity; Life expectancy; Population size.
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1 Introduction

Much of economic analysis and social evaluation involve®ti@n implicit
trade-off between population sizes and “representatige’pér capitg welfare.
A common example is whether we should give precedence tb &® or to
per capitaGDP when providing measures of economic growth and whenmgaki
announcements of recessions/recoveribre generally, when comparing soci-
ety’s welfare across time, it is possible to observe bothtarteation in average
welfare and an increase in total welfare (through an inereéathe number of indi-
viduals). The same is true for comparisons of social “idfafsuch as poverty): it
is possible to withess simultaneously a falber capitaillfare (or indices of rep-
resentative poverty) as well as an increase in total ill{#meough an increase in
the number of individuals). Quantifying the social impatsbocks and policies
can also depend on the importance given to population saaeShocks/policies
can for instance increase average welfare but at the cossmwigdler population.
This is true, for example, of poverty-correlated mortatayes (by which the rich
are more likely to survive some shocks, leading to loper capitapoverty but
possibly also to lower total welfare) and of policies thavéw population size but
that may increasper capitaincome (such as policies on contraception, abortion,
euthanasia, or immigration/emigration).

The question of which weight should be given to populatiae & assessing
social welfare and in trading off quality and quantity is la¢ ttore of the “opti-
mal population problem?. The study of this quality/quantity problem has a long

1The direction of the change in totp#r capitaGDP was opposite in 24 quarters during the last
fifty years, based on quarterper capitaand total GDP obtained from OECD national accounts
data and UN population data.

2Much has also been said on what is called the “Principle ofiadjon”, a term drawn from
the title of Malthus’ famous book (Malthus 1798). Malthusidic argument — which was pre-
dated by 18th-century economists such as Mirabeau (17%bRaesnay (1778) — is that a ge-
ometric progression of the population cannot be sustainedworld in which resources grow
linearly, and will therefore be stopped by the “iron law” thlraws wages to subsistence lev-
els. The more modern literature has nevertheless suggistethe quantity and the quality of
lives may be complementary, and not necessarily subdjtateleast in some contexts; see for
instance Boserup (1965), Kremer (1993), Alesina and Spel¢gk®97) and Acemoglu, Johnson,



history; the title of one of de Sismondi (1819)’s chapteredB 7, Chapter 4)
is “What population increase is desirable for a nation?d,dralf a century be-
fore Malthus’ “Principle of population”, Cantillon (19594755)) asks (without
answering the question) “whether it is better to have a gredtitude of inhabi-

tants, poor and badly provided, than a smaller number, mumie it their ease:
a million who consume the produce of 6 acres per head or 4omdlvho live on

the product of an acre and a half” (Book 1, chapter 15).

Another dimension of individual and social welfare that gased particular
prominence over the more recent decades is that of life latygencorporating
longevity into evaluations of social welfare is indeed imelwith recent academic
and social advances in measuring development; the obgsct’ development
policy have shifted somewhat from the traditional objeetf income and eco-
nomic growth towards broader human development goals.tiaald longevity
have been salient elements of this shift, as exemplified iDBHN first Human
Development Report:

“The objective of development is to create an enabling emvirent
for people to enjoyong, healthy and creative lives.” (Mahbub ul Haq,
instigator of UNDP’s Human Development Reports, UNDP 1280;
emphasis)

The traditional optimal population problem trades off thanter of individ-
uals living at any particular time with the representativafare of those individ-
uals; an “optimal longevity problem” would analogously mcerned both with
the number of years lived by individuals and with the pemodelfare of those
years. As in the above quality/quantity trade-off, we magant to consider sums
or averages. For instance, is development increasing@wevalfare over a life-
time? Or is it only increasing total welfare over the lifegfh Qualitatively, what
should we say when periodic and total measures evolve insijgodirections, as
when lifetimes become longer but with a greater number ofsygapoor health

and Robinson (2005).



— or with lower levels of living standards? Quantitativedyen when the two
average and total measures move in the same direction, yaliamge equally
rapidly?

It therefore seems reasonable to admit that there can bal soel individual
trade-offs in attempting to increase both the durationvadiand the quality of the
years actually lived. Figure 1 displays the distributiopablic healthcare expen-
ditures by age in Canada (using Canadian Institute for Héaformation 2012
data). The Figure shows the marked increase in health-parelsg as individu-
als age beyond 60 years old. Significant resources are asbap healthcare just
before the end of life: “We end up spending about a third ofamarall health care
resources in the last year of life” (Harding 2010). Some e&thresources could
presumably be spent for other socially valuable purposed) as improving the
living standards of younger lives:

“More than 10 million children under age 5 still die each yeathat’s
almost 30,000 a day — almost all in developing countries. t\dbs
these children die from diarrhea, pneumonia, malaria arastas, all
of which can be prevented or treated. (...) The tools thatesa these
lives are not expensive. For example, antibiotics to tre&uponia
can cost as little as 15 cents. A child can be immunized agaixs
major childhood diseases for as little as $15 and a one-yese df
vitamin A capsules costs just a few cents.” (Save the Cml@@05,

pp. 1-2)

These sorts of trade-offs are particularly important in ¢batext of the ag-
ing of the population and in that of the public finance pressuelt in most of
Canada’s provinces. For instance, under reasonable porjescenarios, Que-
bec’s public health care spending as a percentage of tatalmial revenue (with
current fiscal parameters) is set to approach 70% (from awulevel of 43%)
in 2030,viz, in less than 15 years — see Clavet, Duclos, Fortin, Marchand
Michaud (2013). The emergence of such pressures would afipeeke it even



more important to set the allocation of resources in an eipitiade-off between
life quality and life duration.



Figure 1:Per capitapublic health expenditures, by age group (2010)
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Objectives and overview

The paper has three main objectives. First, it reviews lgregfme of the nor-
mative issues at stake in making social trade-offs betweemtantity, the dura-
tion and the (usual) quality of life dimensions. Secondyagmses and discusses
relatively simple methods to incorporate quantity and tlaneof lives into a so-
cial evaluation function. Third, it assesses the empiroglortance of those three
dimensions in the evolution of global social welfare in thsticentury.

Before turning to the analytical core of the paper, howeves,useful briefly
to take stock of some of the considerable changes that hiyrizes seen over
the last century in each of the dimensions of life qualitie uantity and life
duration. (The data sources and data procedures are esgliairsection 4.) All
three dimensions — the quality, the quantity and the dumatie of lives have
changed considerably. The right vertical axis of Figure@wthe global income
quantiles (denoted &g(p)) for 1910 and 2010 at different percentiles of the global
population (denoted gg. Incomes are in 1990 purchasing-power-adjusted USD,
as is the case of all income statistics quoted in this papeefs for the statistics
shown in Table 1). The left vertical axis shows the percemtagrease (given by
the so-called growth incidence curv@/C(p)) observed at each percentile over
the past century. Hence, global median inco®é)(5)) was about $970 in 1910
and $4700 in 2010. Incomes have clearly undergone a coabigeincrease at
all percentiles over the last century. The percentage ase®in quantiles range
from about 300% to 500% according to percentiles and aresafgr the lowest
percentiles.

The change in the quantity of lives is no less striking. Themnan population
is much larger in 2010 (6.9 billion) than it was in 1910 (1.8itwn). Figure 3
shows the global age pyramids for 1910 and 2010. Not only kdmabpopulation
size changed, but the shape of the global pyramid has aldeeelsignificantly
over time, with a significantly lower global proportion ofywger individuals and
with evident population aging.

Figure 4 shows the heterogeneity of regional populatiorampyads between



Figure 2: 1910-2010 income quantiles (1990 USD PPP): I€¢g(s)) and total
percentage change&{C (p)) between 1910 and 2010 at different percentiles
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1950 and 2010. Both the less developed and the more develeg&hs have
aged over the last 60 years, with more developed regionggagore rapidly.
A clear exception to this aging phenomenon is Sub-SaharénaAfwhose total
population size has expanded fivefold over the 1950-20lidg¢at an average
annual growth rate of 2.6%) and where signs of populationgdiave not yet
become evidertt.

Figure 3: A major global demographic transition
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3The more developed regions include all countries of Eurdps Northern America, Aus-
tralia/New Zealand and Japan. The less developed regichsdm all regions of Africa, Asia
(excluding Japan), Latin America and the Caribbean, plumMssia, Micronesia and Polynesia
(see the UN definition of regions: http://esa.un.org/wppéd-Data/country-Classification.pdf).

4The narrowing of the bottom of the pyramids is an outcome aihgfes in replication rates
in the latter half of the 20th century (see for instance egiees in Gomez and Foot 2003) and is
largely a reflection of individual choice regarding fetiiliit could also be interpreted as societal
choice regarding quantity of life.
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There have also been large changes in life duration oveasteéntury. Fig-
ure 5 displays the evolution of global age-specific life estpacy in 1910, 1960
and 2010. Much of the increase of life expectancy has takaregbetween 1910
and 1960. The effect of the fall in child mortality has beertipalarly important,
as can be seen by the relatively greater increase in lifectapey at younger ages.

Figure 5: Global age-specific life expectancy
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Figures 6 and Figure 7 show the trends and the annual groveth lost decade
over the last century in the quality, quantity and duratibhves. Population size
and incomeper capitadisplay similarly rapid evolutions, with an average yearly
increase of the order of 1.4%. Income growth rates are thieelsigpost-second-
World-War; population size growth rates are also the ldrgethe latter half of
the 20th century. Life expectancy shows slower growth ofdittker of 0.7% per
year and increases more rapidly at the beginning of the 20ttucy.
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Figure 6:Per capitaGDP, population size and life expectancy, 1910-2010
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Figure 7: Percentage changes in glopat capitaincome, population size and
life expectancy, 1910-2010
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2 “Sizes” in welfare economics

Overall, therefore, the world has changed significantly ¢ive last century in
the traditional welfare dimension of the quality of lives @easured by income)
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as well as in two size dimensions, the quantity and the curadff lives. As
mentioned above, the consideration of sizes in economisdban historically
approached both from a positive and a normative perspedtiigein a normative
context that this paper is set; although positive inputs -théform of causal and
empirical relationships between the dimensions of qualjtsantity and duration
of lives — are necessary for policy guidance, an explicinmative framework is
also essential in order to be able to solve the ‘optimal patpurt problem’.

2.1 Average and total utilitarianism

Historically, there have been two opposite views on the dfd@opulation
size. The first view, associated most often to Malthus, haisted that the op-
timal population size is small; the State should limit p@tian growth in order
to sustain an adequatepresentativéevel of living standards for humanity, given
the earth’s limited resources. Maximizing that represredevel of living stan-
dards, most often captured byerageincome, is the objective function of most
social evaluation optimization exercises in the welfareneenics literature (see
Say 1840 for an influential supporter), and is in particuia tationale for the use
of average utilitarianism as the objective function of that&

To see this more clearly, IéY individuals form a population with a distribu-
tion of individual welfare denoted as:= (y1, ..., yn), Wherey; is individuali’s
measure of welfare (or utility, which could be income in agiecase). Let(y;)
be a transformation af;, most often referred to a% contribution to social utility
in the welfare economics literature. Average (genera)izeiitarianism is then

given as
N

WA =N"1>"g(y). (1)

i=1
(1) boils down to average utility whey(y) = y.
An “average” formulation of the type seen in (1) is the foutnola of most of
welfare economics. Welfare economics indeed almost al(ayd typically im-

12



plicitly) postulates Dalton’s population principtayhich says that an income dis-
tributiony and itsr-times replication (for an arbitrary integer must yield iden-
tical levels of social welfare (as well as inequality and gxdy): population sizes
do not matterper sein traditional social evaluation exercises. Classic fand
tional examples of this include Kolm (1969), Atkinson (19,78horrocks (1983)
and Kakwani (1984) for (atemporal) inequality and welfaoenghance, explicitly
assuming identical population sizes or implicitly relyiog Dalton’s population
principle to normalize population sizes to a common value.

The second ‘ideal population size’ view has argued thatdbalisize is prob-
ably rather large. An argument in favor of this view is Bemtfmand Sidgwick’s
famous support of total (or classical) utilitarianism (s¢g0 de Sismondi 1819
and Godwin 1820), where maximization of the “greatest pgmsdiappiness for
the greatest number” is proposed as the State’s objectnaifun® According to
that second view,

“the point up to which (...) population ought to be encoudhge
increase, is not that at which average happiness is theegtguassible
(...) but that at which theroductformed by multiplying the number
of persons living into the amount of average happiness esadb
maximum”. (Sidgwick 1966, pp. 415-416, our emphasis)

Total (general) utilitarianism’s objective function istiefore given by

N

W =>"gu), 2

=1
whose special case gfy) = y is simply the population’s total welfare.
It is well known that both of these views generate socialtbn difficulties.
Evaluations using average utilitarianism are subject tgggmism”: the death of

5See Dalton (1920), p. 357: “inequality is unaffected if psjpnate additions are made to
the number of persons receiving incomes of any given amount”

5An even stronger argument, based entirely on the quantitiyes, can be found in Bodin
(1576 (1955)): “But one should never be afraid of having ta@ngnsubjects or too many citizens,
for the strength of the commonwealth consists in men.” (Bgothapter II)
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anyone with a level of social utility below the mean levellMglad to an increase
in social welfare. Similarly, the birth of anyone with a léweésocial utility below
the average will reduce social welfare. At the limit, if tlsetuation were feasible,
an optimal society would be made only of those persons wilgtieatest utility,
such as Carlos Slim or Bill Gates. The fact that such a sowetyld contain few
individuals does not in itself matter for average utiliganism; it is representative
welfare that matters, not total welfare.

Social evaluations based on total utilitarianism exhilbvi bpposite difficulty
of (arguably) giving too much weight to population size arad enough to the
quality of lives. The most famous formulation of this diffiguhas been in the
form of Parfit's “repugnant conclusion”, which occurs when:

“For any possible population of at least ten billion peojgliéwith a
very high quality of life, there must be some much larger imable
population whose existence, if other things are equal, evbel bet-
ter, even though its members have lives that are barely igitig.”
(Parfit 1984, p.388).

The evident concern here is that total utilitarianism caatdeasily dismiss Malthus’
preoccupation and lead to societies with “a great multitoimhabitants, poor
and badly provided”, to quote Cantillon (1959 (1755)) again

2.2 Ciritical-level utilitarianism

One procedure to address and potentially to avoid both sktldficulties is
through a reformulation of average and total utilitariamisalled “critical-level
generalized utilitarianism” (denoted as CLGU, Blackorig @onaldson 1984).
The CLGU social evaluation function can be defined as

W(a) =Y [g(y) — g(a)] 3)

i=1

Alternative reformulations are also possible, such as N§6)'s “maximization of number-
dampened total utility”, but these are often less transgdhan critical-level utilitarianism.
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whereq is called thecritical level. A population is socially preferred to another
if its W («) function is largera is described by Broome (2007) as

“A particular value for what | call th@eutral level for existencé his
neutral level is defined as the level of well-being such thialirzg to
the population a person who has that level of well-being isaélyg as
good as not adding her”. (p. 115)

« is the level of welfare above which human lifewsorth living — from a
social welfare perspectivaot an individual oné. As for average and total util-
itarianism, CLGU simplifies to critical-level utilitariasm whenyg is the identity
function. Whenevey(«) = 0, CLGU is equivalent to total utilitarianism. Positive
values ofg(«) in (3) nevertheless avoid the repugnant conclusion, so&sagis
set to a “sufficiently large” value.

Drawing on Atkinson (2014), the CLGU transformation in (33kas it pos-
sible to model a simple tradeoff of quantity/quality of Is/el_et total income be
fixed and be given by = Zf\il y;. Assuming that income is equally distributed,
each individual gets a valu€/N and we have

W(a) = Nu (%) , @)

whereu (Y/N) = g(Y/N) — g(«). In such a simple world, it is socially useful to
increase population size even with constant total incomensber©V/ON > 0,
that is, whenever

u(Y/N)

v > v N, 5)

This occurs when the ratio of average utility to average ine (YY/]f,V )) exceeds
the marginal utility ofper capitaincome, ¢/ (Y/N)), namely, when the social

8Wheng(a) exceedsg(y;) , individuali reduces social welfare, but it does not mean that
would prefer not to live.
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utility of adding one more person is higher than the socidityiof preserving the
level of welfare of the existing individuals.

Figure 8 illustrates this problem graphically. Drawing be tisualy concavity
assumption, total CLGU utilitarianism with{«) = 0 is given by dashed line
(with the normalizatiory(0) = 0). The optimal population size would be infinite
in such a setting since the tangentitof a line drawn from the origin would be
arbitrarily close toY/N = 0. If, however, we set insteag(0) < 0 and thus have
u(a) = 0 only whena > 0, then we obtain the dotted linein Figure 8, resulting
in a finite optimal population size given hy* below pointA. Intuitively, the
greater the value ofy, the larger the optimal value df /N and the lower the
optimal population size, since a higher critical level geaes population size.
Conversely, the greater the curvature:et or the faster the decrease in marginal
utility — and the larger the total amount of resourdésthe higher the optimal
population size. In fact, in this simple mod&¥,* is directly proportional ta,
such that the optimal level gder capitaincome is the same for all values of total
resources available.

The use of CLGU as a generalization and as an alternativeetage and total
utilitarianism is certainly attractive. It does pose, hwese important implemen-
tation difficulties, the greatest of which is probably th#idulty of assigning a
consensual value to the critical level An important additional difficulty includes
agreeing on a precise form fgr The level ofa. needs to be high enough to avoid
the repugnant conclusion and low enough not to lead to eesegsugenism.

Fortunately, we can make progress by considering differerdlues and dif-
ferent shapes fay in order to test the robustness of comparisons and conalsisio
One way around the difficulty of valuing is, for instance, to make social wel-
fare assessments over intervals of critical levels — see&tance Trannoy and
Weymark (2009) for such a suggestion. Robustness testdsiabemade on the
basis of (partial) social orderings over entire classesldsQ functions. Cock-
burn, Duclos, and Zabsonré (2014) demonstrate how an eateokwell-known
population-size-invariant poverty and social welfare dwance procedures makes

16



Figure 8: Optimum population size and critical level usitfianism
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it possible to test robustness over such classes of fursctiaat may differ from
each other by functional form and by value of the criticaklev

Such procedures can also lead to the estimation of “robaosi&id and upper
bounds for allowable intervals @f. Consider two populations, a larger ogpe
and a smaller one. Figure 9 illustrates the sort of intervals farover which
we could conceivably rank robustly andz. A smaller value ofx will tend to
makey preferable since it imposes a lower penalty on populatiaa.siThis is
why we might find that, over a lower intervdl, o, | of «, the larger population
y will dominate the smaller ong, as is shown in Figure 9. The converse is also
possible; as illustrated in Figure 9, there may exist amvialéa—, co| of largera
(penalizing population size) over which the smaller popafez can be deemed
preferable to the larger populatign

Table 1 (drawn from Cockburn, Duclos, and Zabsonré 2014ystam exam-
ple of the application of such a methodology. Although theldvand three of its
larger regions can be shown to exhibit greater CLGU soci#fianesin 2005 than

17



in 1990, this is true only if the values of the critical leval® chosen to be lower
than some bounds, , these bounds being considerably smaller in Sub-Saharan
Africa ($230) than for the entire world ($1,288) and for theskern Asia and Pa-
cific region ($2,242).

Table 1: The (larger) global population in 2005 exhibitsagee CLGU social
welfare than in 1990 for all critical levels lower than (in USD PPP 2005)

Regions|| Eastern Asig Latin America| Sub-Saharan Africg World
+ Pacific + Carribean
oy 2,242 827 230 1,288

Figure 9: Dominance and non-dominance of a laggeopulation over a smaller
z population according to different ranges of critical le«el
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| | Y
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3 Liveorletlive?

Performing intertemporal social comparisons in a welfdrssnework amounts
to ranking a two-dimensional matrix (individuals and timeripds) of individual
welfare defined across different social states. The soealiation principles em-
bedded in such a framework enable making trade-offs betwaahty, quantity
and duration of lives. As mentioned in the introduction,mportant size problem
analogous to the one involved in comparing populations diffierent sizes also
arises when it comes to comparing lives of different lengths with the tradi-
tional optimal population problem that trades off qualibdaguantity, the choice
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of averageversugotal intertemporal welfare as a metric of individual wedfauvill
bear importantly on the outcome of the social comparisodsoarthe evaluation
of the impact of shocks and policies. The use of averagetemgyoral utility as
a social welfare metric may promote the existence of livas éne too short; the
use of total intertemporal welfare might promote the exiséeof lives that are too
long.

It is, for instance, possible to think of an “intertempoyakpugnant conclu-
sion” analogous to Parfit’'s repugnant conclusion:

“A social ordering leads to a ‘repugnant temporal conclasidt can

always judge any population of richer individuals to be itempo-
rally less desirable than a population of individuals wignddy worth
living lives so long as these individuals live sufficientbng lives.”

As in (4), to avoid this repugnant conclusion, we can modeldhoice of qual-
ity versusquantity using CLGU, this time through interpreting quants the
number of years lived. For simplicity, let us focus on a stnigidividual and let
the intertemporal objective function of that individual tefined as in (4), with
Y the total resources available over a lifetime (given, fatamce, by lifetime
earnings) and’/N the average consumption over that same lifetime. With this
framework, the optimal number of years lived is given by (82, at the value of
N* at which the ratio of average utility to average consump(?éﬁ%) equals
the marginal utility of average consumption. This optimaitber of years is at-
tained when the utility of adding one more yeal{’/N*)) is just equal to the fall
(Yo' (Y/N*) /N*) in the utility of the years already lived. The greater theueal
of «, the lower the optimal number of years; analogously, thatgrethe con-
cavity of u and the higher the total consumption available, the lafgeioptimal
duration of lives.

Figure 10 illustrates graphically the trade-offs involwethe two quantity/duration
number problems. The first problem requires deciding whidthassign a value
to life quantityper se This can be pondered by comparing populatiGhandC
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in Figure 10. All individuals in Figure 10 are assumed to grijee same level of
periodic life quality. PopulatiorB has only one individual living during each of
the two periods; populatio6’ has two individuals in each period, each of these
two individuals living only one period.

The question is then whether a social welfare analyst shamrididerB andC
to be equivalent or not. Traditional social welfare ana\(sis would average util-
itarianism) would deem the two populations to be sociallyieajent, by Dalton’s
principle of population. Total utilitarianism would cléafavor C. The CLGU
ranking would depend on the value of the critical level; & thdividual's welfare
were to lie belowy, B would be preferred t¢’, andvice versa

The second problem requires deciding whether to assignua talife longevity
per se(or, alternatively, whether to assign a costite fragmentatiol. This can
be seen by comparing populatioAsand B in Figure 10. Populationl has only
one individual, living two periods; populatiaB has two individuals, each of them
identical, except that individual 1 lives in period 1 onlydaindividual 2 lives in
period 2 only.

The question is then whether a social welfare analyst shamrdiderA and B
to be equivalent or not. One interpretation of Gandhi’s fasmmocommand;Live
simply so that others may simply liva’ that limits to longevity should be envis-
aged in order for others to enjoy a life too — namely, that Emiyes should give
room to more numerous shorter lives. Such an interpretatiands, however,
in opposition to the principle ofavoring unfragmented livethat characterizes
the intertemporal CLGU function proposed in Blackorby, 8&r$, and Donaldson
(2005), where it is also stated that:

“Preventing someone’s death is more important than briongimout
new lives when the consequences for total utility are theeSgBlack-
orby, Bossert, and Donaldson 2005, p.153).

Blackorby, Bossert, and Donaldson (2005)’s formulatiombértemporal CLGU
uses a fixedifetime critical level that favors longer lives over combinatiorfs o
shorter lives, thus also favoring populatidrover population3. Given this strict
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preference for life unfragmentation, it could also be thatould be preferred to
C: 2 periods of lives would then be considered preferable tedogs of lives
of the same quality. Instead, usingpariodic critical level would lead to social
indifference between populatioA and population3.° WhetherA and B are
preferred ta”' would then depend on the value of that critical level.

Section 5 proposes a number of alternative methodologmsetify and quan-
tify these important trade-offs. Before turning to thiswewer, Section 4 de-
scribes the data procedures that are used to illustrate thethodologies.

Figure 10: Optimum population size and critical level tifianism

Distributions: A C
Individuals: 1 1 2 3 4
Period 1: % % % R &
Period 2: K &

4 Data and empirical methodology

The empirical illustration (the term “illustration” is ingptant here, given the
obvious caveats on the quality of the data that we use, aswolh become ev-
ident) uses three types of datg: annual distributions of income among world
citizens from 1820 to 2010;) demographic and health data, such as age struc-

9Giving a value to the unfragmentation of lives (and thus @mirig longevity over size) is
also inconsistent with aversion to inequality over theltiifeetime welfare of existing and potential
lives, though not over the average lifetime welfare of thidbses — see again Blackorby, Bossert,
and Donaldson (2005).
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tures of the global population and distributions of life egfancies by age in each
period; andizi) transition matrices mapping incomes from one period tolzsrot

Data on income distributions come from Bourguignon and Mean (2002),
who provide historical data for the different regions of Wald for the 1820-1992
period in the form of “grouped” income distributions by desi!® We estimate
the global income distributions by aggregating regionabme distributions us-
ing regional population sizes. We extend the dataset to B§1&ing the annual
growth rates ofer capitaincome published by the World Bank (2013) and by
assuming, for simplicity, that inequality levels have rémeal unchanged between
1992 and 2010. For the purpose of intertemporal analysislsemake projec-
tions of income distributions from 2010 to 2080, assumirgg thequality levels
will remain unchanged and that tper capitaincome will increase annually at a
rate of 1.85% (the annualized growth rate of glgbed capitaGDP observed over
the period 1950-2010). We generate samples of individeatimicrodata from
the decile-grouped income distributions by means of Sletkeand Wan (2009)'s
algorithm?! This leads to a vector of 1,000 individual observations obime for
every year between 1820 and 2080.

Demographic data are drawn from the Population DivisiorhefUN Depart-
ment of Economic and Social Affairs (2013), which provides &age structures of
the world population for different regions and countriesA@en 1950 and 2010
and from Chamie (2001), who provides an age structure fod 19& then assume
a linear population growth for the different age groups tineste age structures
between 1910 and 1950. Life expectancies by age are estifmatmbining the
historical data on life expectancy at birth provided by Bpugnon and Morris-
son (2002) and the World Life Tables obtained from World He&rganization
(2012). Income transition matrices (the choice of which lidle quantitative
impact in our analysis) are set to Britain’s 1991/1992 deirdnsition matrix pro-
vided in Jarvis and Jenkins (1997).

OMore details on how these data are constructed and on tleeetitfcountries and groups that
are included can be found in Bourguignon and Morrisson (2002
1This was performed using the Stata DASP package; see Ardddacios (2007) for details.
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Thus, estimates of the global income/size/longevity itistrons for 1910,
1960 and 2010 are constructed using the following procedure

1. For each year between 1820 and 2080, we apply disaggrggatbcedures
to the annual income data and population size data drawnB@umguignon
and Morrisson 2002 combined with annual growth ratepef capitain-
come published by the World Bank (2013) for more recent plstio

2. Using global age structures and life expectancies abwamges, we assign
an age and a date of death to each world citizen living in 19960 and
2010;

3. For each such individual, we generate prospective anusggctive income
deciles using current income and decile transition magriocemove back-
ward and forward in time;

4. Given an individual’s decile for a given year, a yearlyame for the corre-
sponding year is drawn using the income data collected pikte

5 Quality, quantity and duration: by how much has
global welfare changed in the last century?

5.1 Combining quality, quantity and duration: an airport cl ue?

Those of us who have traveled through airports in the lasyfays have often
noticed the following HSBC ad (frequently found on thosearad walkways that
are used to embark on or disembark from airplanes):

“Two-thirds of the people who have ever reached 65 are atiday”.

Many of us travelers have probably also asked ourselvesiigsstatement say-
ing something good or bad about humanity’s global welfane8uggesting that
humanity’s welfare has improved, the HSBC statement gleaguts both life
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guantity and life duration aspects. This of course makesesenly if social eval-
uation should give importance to both of these aspects ofahuives, which is
not usually the case in traditional welfare economics.

To understand better the potential social welfare effecthote aspects of
human lives, we can compute an estimate of their respectipertance over the
last century. Assume first that total individual intertemrgdavelfare should enter
into global social welfare, but not total population siza.such a circumstance,
with no allowance for the quality of lives (to which we turnde), a natural social
welfare measure would be tipgoportion of individuals that have reached 65 at
some given time. This would say that an individual contrésuto social welfare
only if he has reached 65. According to this criterion, gladueial welfare would
be deemed to have increased over the last century since dperpon of the
population aged over 65 years has risen from 4.3% in 19107 7n 2010.
This would say that welfare in 2010 is 7.7/4.3=1.8 times t#fat910 — which
corresponds to an annualized growth rate of 0.59% per yeartbe century.

Let us now suppose that both total individual intertempuaralfare and total
population size should affect social welfare. In such a cagain with no al-
lowance for the quality of lives, HSBC’s measure would berappate so long as
the contribution of an individual to social welfare equateavhen the individual's
longevity surpasses 65 years and zero otherwise. In oucdaxtiry empirical
context, this is equivalent to moving froproportionsof people having reached
the age of 65 years towards thbsolute numbersf such individuals. Doing the
computations, we can rewrite HSBC’s quote as follows:

“87% of the people who were 65 or older either in 1910 or in 2010
were alive in 2010 (as opposed to 13% in 1916).”

According to this, therefore, welfare in 2010 would be 6riids (87/13) that of
1910. Therefore, incorporating population size into HS&¢le social evaluation

12To be clear, these numbers differ from the HSBC'’s estimatesngthat we only consider
those who have reached 65 either in 1910 or in 2010, while HSB@tement refers to all those
who haveeverreached 65, no matter when they lived.
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increases the value of 2010 relative to 1910 from 1.8 to 6.7.

It is important to note that the traditional quality inputorwelfare measure-
ment is absent from the HSBC quote: should we not also be coed@bout the
welfare of individuals, not only about their number and levity? In keeping
with the spirit of that quote, we can still condition the aolmtition of an individ-
ual to social welfare on that individual having lived at feastil 65. Four possible
measures that incorporate quality then suggest themselves

H1: First, not adjusting for duration and quantity, we can cameghe total pe-
riodic incomes of those aged 65+ in 1910 and 2010 divided bytttal
population size in each of those years.

H2: Second, adjusting only for duration and not for quantitg, @an compare,
across 1910 and 2010, the toli&timeincomes of those aged 65+ divided
by the total population size in each of those years.

H3: Third, adjusting only for quantity and not for duration, wan compare,
across 1910 and 2010, the sum of the total periodic incom#sst aged
65+ in each of those given years.

H4: Fourth, adjusting both for duration and for quantity, wa campare, across
1910 and 2010, the tothfetimeincomes of those 65 and above in 1910 and
2010.

Table 2 displays the levels of those four measures in 191®aad as well
as their total and annualized percentage changes betwese tio years. In-
corporating quality (the traditional income welfare inpo&turally increases sig-
nificantly the value of global social welfare for 2010 relatto 1910, compared
to the non-income HSBC-style assessments presented psricAccording to
theH1 measure, which does not adjust for life duration and lifendiiyg global
welfare in 2010 would be 7.8 times that of 1910. This is coamsably larger than
the 400% increase in the global population’s average indoetween those two
years, as observed in Figure 2. Hence, focusing only on thétgwf lives of
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the elderly (as does the HSBC quote) raises significantlysorsduation of the
1910-2010 change in global social welfare.

TheH2 line adds duration into account. That now indicates thaesoelfare
in 2010 is 6.1 times that in 1910. Since this is smaller thanahove ratio of
7.8, life duration has had a proportionately smaller eftecsocial welfare than
life quality, at least with an HSBC-style function. Intwily, the increase in life
duration for those aged 65+ over the last century has be@ogronately smaller
than their increase in annual income.

The evaluation of the change in global social welfare impsokemarkably
when life quantity, as measured by population size, is ag&ert into account.
TheH3 line’s incorporation of life quantity has the major effe¢theaking 2010’s
social welfare 29.5 times that of 1910, compared to less if@aabove. Thed4
line’s additional incorporation of life duration yieldsiaslar result (23.1), though
somewhat smaller — again because life duration has inalgasgortionately
less than life quantity for the 65+. The annualized ratedahge in global social
welfare are above 3% in both cases. With an HSBC-style seeauation func-
tion, incorporating quantity thus makes a substantiakdifice to the assessment
of the evolution of global welfare over the last century.

Overall, therefore, HSBC-style social welfare — which ddess only the
contribution to social welfare of those with longer lives s-+iaturally sensitive to
the evolution of life duration. If no account is taken of Ideality, duration and
quality, HSBC social welfare evaluation says that 2010 &times better than
1910; when life quality is taken into account, that raticesigo 7.8; when life
duration is further incorporated, the ratio falls to 6.1;emhall three aspects of
life quality, duration and quantity are entered into an HS®¢e social welfare
function, 2010 is deemed 23.1 times as good as 1910.
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Table 2: HSBC-style global social welfare estimates frorhQL.&® 2010

Levels Changes
1910 2010 Ratio Annualized % change
H1 93.96 730.29 7.8 2.07%
H2 5748.42 35006.54 6.1 1.82%
H3 1.71e+11 5.05e+12 29.5 3.44%
H4 1.05e+13 2.42e+14 23.1 3.19%

5.2 Measures of total income

In line with HSBC's airport quote, the above estimates meaglobal welfare
by discretely separating those who are 65 or above and teespimd by assigning
no social welfare value to those aged less than 65. Shouldotyehawever, be
concerned about the social welfare contribution of allwidiials, not only about
that of those individuals that have reached 65? One simpjetavdo this is to
compute measures of average and total income foemiiee population. We can
add up incomes either across individuals or across timeywandan also add up
incomes simultaneously both across individuals and adioss This leads to
four alternative simple measures of average and total iecom

1. Afirst measure is the usuaér capitaincome measure;

2. A second measure is total annual income, givepdrycapitaincome times
population size;

3. A third measure is the average lifetime income of thoseviddals living
in some particular year,;

4. A fourth measure is the total lifetime income of all thosdividuals living
in some particular year; this is given by the average lifetincome of those
living in that year times the population size of that yeardsnhe average
life expectancy of those individuals living in that year.
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The estimates of the annualized growth rates of those famamme measures
over six different periods between 1890 and 2010 are shoWwigure 11. Overall,
global per capitaincome has increased over the last century at an average annu
alized growth rate of 1.5%. The highest growth (at an anredlrate of 2.9%)
is observed during the 1950-1970 period, which correspomaighly to the post
World-War-11 period ofthe glorious thirty(1945-1975). The growth rates of total
annual income, average lifetime income and total lifetimeoime are naturally
higher than that oper capitaincome given that they incorporate the effect of in-
creases in population size and life duration. Again, thea#f the increase in life
guantity dominates almost everywhere throughout the cetitat of the increase
in life duration. The combined effects of life quality, quéyand duration lead to
an annualized growth rate of total lifetime income of arodsd throughout the
century — almost three times that of the growthper capitaincome and sur-
passing the 3.19% growth of the HSBC-style social welfarefion of Section
5.1.

Figure 11: Annualized growth rates of global income betw®g90 and 2010
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5.3 Intertemporal utilitarianism and intertemporal measures
of representative income

We now wish to add two final inputs into the above social welfareasure-
ment procedures. First, there is the potential role of écatitevel in assigning a
cost to life quantity and life duration; without this poteahicost, social evaluation
can generate the two repugnant (quantity and temporatidnjaonclusions dis-
cussed above. Second, should we not also assign a cost talitggcross human
beings, as does most of the welfare economics literatufesmistant population
sizes?

To do and to see this, let a s&tcontain a numbel, of individuals living at
time (year)t, and let7; andb; be respectively the life duration and the time of birth
of an individuali. Also lety, ; be the income of individual at time¢. Assuming
no discounting and a critical levelthat is independent of time, the CLGU social
evaluation of the population of individuals living &tan be expressed as

o+ Ti—1
b+ T)\g

Wile) = 3 = ‘C/T(fjé}_ ) (6)

1€St

wheren, 7 and\ are parameters whose values can help distinguish between va
ous variants of utilitarianism:

e n = 0,1 respectively differentiates between population-totditatianism
and population-average utilitarianism;

e 7 =0, 1 respectively distinguishes between duration-totaltatilanism and
duration-average utilitarianism;

e )\ = 0, 1 respectively differentiates between “lifetime” critidalvel (where
the cost of a lifetime is given by(«)) and “periodic” critical level (where
each period of life has a cogta)).

With total utilitarianism (eithery = 0 or = = 0), settingg(«) = 0 would lead
either to a quantity or to a temporal repugnant conclusidme dombination of
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7 = 0and\ = 0 would also lead to a temporal repugnant conclusion; thigis b
cause (6) would then penalize life fragmentation since thieal level costy(«)
would apply only to the number of lives and not to the numberasfods lived. Fi-
nally, it would seem inconsistent to have bath- 1 andr = 0; this combination

of parameter values would indeed value the duration buthetjtiantity of lives.
Hence, a good set of parameter values would arguably be given= 0, 7 = 0,

A = 1, andg(a) > 0; that would value consistently both duration and quantity
and would avoid both the quantity and the temporal repugo@amtlusions.

The formulation in (6) assumes no discounting; time prefegenay, however,
be of normative interest since it relates to the existencatfugrwise of a future,
to life expectancy uncertainty and to the valuation of apéted wellbeing in the
future, both at the individual and societal level (see fatamce Anderson 2005
for a recent normative treatment and application.) Setjirg0, 7 = 0 and\ = 1,

a formulation of (6) with discounting is given by:

bi+T;—1

Wile) =Y > (141" (g(yss) — g(a)), (7)

1€S:  s=b;
wherer is the discount rate. The larger the valuerofthe greater the relative
weight put on earlier years of life of individual welfare. Wiinfinite », social
welfare evaluation would depend exclusively on the firsryeelfare of those
having been born first. The illustration below assumes fopsicity thatr = 0,
in which case (7) equals (6) when= 0, 7 = 0 and\ = 1.

From (6), we can also proceed towards computing an equailigifalited equiv-
alent (FDE, or representative) income (see Atkinson 1970) for poparatwith
variable population sizes and durations. This is usefully done biirgea ref-
erence value for the number of lives and periods lived — shimgtthat is not
needed in a context of constant quantity and duration. Tdlssgand for expo-
sitional simplicity, let us fix the reference number of litesthe number of lives
lived in 1910 and suppose for now that duration is constargsscpopulations.
We may then ask what level of 191 F would yield the same social welfare
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as that observed in 2010; denote thisid$E »910/1910-
Using a constant relative inequality aversion formulatfon g and setting
g(a) = 0, we then have by definition (assumiag: 0):

(1—¢) Z EDE2010|1910 Z yQOION ©
oS 1€852010
which yields
N2010 ,,1-e /(=9
EDEs010/1910 = <ZM$) ©)
N 1/(1—e)
_ <ﬁ> EDEs00)2010; (10)

and whereyDE5y102010 IS the usualPDE measure for 2010. Variations in popula-

tion sizes therefore have an impact on social welfare thugterm(%) e 6).
For0 < e < 1 (which is a common range of relative inequality aversioriarger
population size in 2010 raisesDEq10/1910; the impact is larger the larger the
value ofe. Whene > 1, the impact of population size increases is reverseteris
paribus a larger population size in 20¥8ducesEDEi0|1910, because;2010 ;1
then decreasing with income. This counterintuitive re@uhich we avoid below
by settingd < ¢ < 1)) is obtained because (8) is thergativeand falling with
population replications.

Now suppose an inequality-neutral proportional change ef 1 in 2010’s
incomes. (10) then becomes:

1/(1—e¢)
EDE2010\1910 =7 < ) EDE2010\2010' (11)
(11) shows clearly the differential impact of growth in pégiton size and growth
in average income. This says that social welfare will risegemapidly with pop-
ulation size where takes larger values. The impact of growth is, however, in-
dependent ot. From (11), the elasticity of substitution of growth in aage
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income with respect to growth in population size is given-byt — ¢)~*. Thus,
the greater the value ef the more effective (compared to income growth) is pop-
ulation growth at raising social welfare.

We may now generalize (8) to CLGU; this gives:

(1— E)_l Z (EDE§6160|1910 - 04176) =(1- 6)_1 Z (y%(;le(),i - 04176) )

i€S1910 1€8S2010 (12)
which leads to
EDE 011910 = (13)
Nao1o /(-9 2ieSa010 yil,;glo7(N2010*N1910)a1_€ i 14
<N1910> Nig1o ) (14)

The term within the first right-hand-side parentheses spoads to the previous
social welfare benefit of a population increase. Th&g1g — Nig1p) o' ¢ term
within the second set of parentheses in (13) is the cost of@ease in population
size that is newly introduced by the critical The larger thaty, the lower is
EDFEsno1910- This makes it transparent that population size increases hoth
a social welfare cost and a social welfare benefit.

An EDE'’s intertemporal welfare formulation is analogous to (18§ §13),
summing over both the number of individuals and over thedifeation of each
individual, and replacingVyg19 by the total number of years lived by all those
individuals that were living in 2010 (and analogously f61y10). EDE5y101910 IS
then implicitly given by

b;+T;—1
> ﬂ(EDEggfougm—al*) =) ( > g(ys,i)—Tz-g(a)). (15)

1€S1910 1€8S2010 s=b;

The statistics in Tables 3 to 6 show the levels (in $) and thesraf growth
of those incomes that the global population of individuaisg in 1910 would
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have needed to enjoy in order to yield the same level of sootdfare as that
observed in 1960 and 2010; these are therefabd .9, incomes. The three
‘atemporal’ columns assign theg® F incomes to years lived in 1910; the three
‘intertemporal’ columns assign theg&)F incomes to every year of the lives of
those living in 1910. The results of Tables 3 and 4 use anarigin formulation,
namely,g(xz) = x or e = 0 ; those of Tables 5 and 6 use a generalized utilitarian
function with g(z) = /z, ore = 0.5. For the critical level formulations, a
periodic critical valuen = $365 (equivalent to using a $1 a day international
poverty line) is set for P-CLGU and a lifetime critical-léve used for L-CLGU,
that lifetime critical-level being equal to the periodidtical-level times69 years
(the 2010 value of global life expectancy at birth).

All of the social evaluation functions suggest a continugaprovement of
global social welfare over 1910-2010, but at consideralifferegnt rates. Let
us first consider Tables 3 and 4. Take the usual metric of geeudlitarianism
for a start; theEDE incomes increase from $1918 in 1910 to $9151 a century
later. Taking instead average intertemporal utilitasami(lifetime income aver-
aged across individuals and across periofi$)F’s increase from $1913 in 1910
to $10168 in 2010. Table 4 shows that the respective anmabgjrowth rates of
these measures over the entire century are thus 1.57%df@apitaincome) and
1.68% (and slightly larger between 1960 and 2010).

Moving in Tables 3 and 4 to total income across individuatsr{goral CU)
leads to an annualized growth rate of 2.94% — a significaatatsnpared to the
earlier 1.57% — which is further augmented to 3.88% if we atdgrsthe growth in
total income across the lifetime and across individual®(temporal CU). Using
a critical level for penalizing lives (setting= $1 a day) at each period (P-CLGU)
or for the lifetime (L-CLGU) decreases only marginally tlainualized growth
rate to 3.85%.

The generalized utilitarian results of Tables 5 and 6 peaalicome inequal-
ity. The EDE'’s of Table 5 are therefore lower than those of Table 3. Thevtiro
rates of AGU in Table 6 are sometimes lower or greater thasetlod AU in Ta-
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ble 4, depending on whether inequality has fallen or in@ddthey are larger if
inequality has fallen). The growth rates of the oti&#vE’s are, however, con-
siderably larger because a 1% increase in the number (tpant duration) of
lives is worth a 2% increase in average income witk 0.5 (the elasticity of
substitution has doubled). This means thd&lFE’s have grown at an annual rate
of 6.19% when we consider both life duration and quantitgsthliving in 1910
would have needed to have a level of income of $543,879 (assggjto the ac-
tual $1913, see Table 3) to generate a level of social wediqual to that of 2010.
The ratio of social welfare in 2010 to social welfare in 194€hen an astonishing
543,879/1334=407. With a critical level of $1 per day, thBE growth rate is
slightly lower at 5.73% and 5.30%, but still far larger thae tates of 2.94% and
3.88% obtained witla = 0.

Table 3: Levels of globakDE, g(x) = x anda = $365

Atemporal Intertemporal
1910 1960 2010 1910 1960 2010

AU~ 1918 3596 9151 1913 4259 10168
CuU 1918 5965 34693 1913 13379 86180
P-CLU 1918 5724 33674 1913 12574 83419
L-CLU 1913 12873 84037

Table 4: Annualized changes in globaDFE, g(x) = z anda = $365

Atemporal Intertemporal

1910- 1960- 1910- 1910- 1960- 1910-
1960 2010 2010 1960 2010 2010

AU 1.27% 1.89% 1.57% 1.61% 1.76% 1.68%
CuU 2.30% 3.58% 2.94% 3.97% 3.80% 3.88%
P-CLU 2.21% 3.61% 2.91% 3.84% 3.86% 3.85%
L-CLU 3.89% 3.82% 3.85%
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Table 5: Levels of globakDE, g(x) = \/z anda = $365

Atemporal Intertemporal
1910 1960 2010 1910 1960 2010

AGU* 1330 2833 6832 1334 3198 7494
CGU 1330 7793 98187 1334 32130 543879
P-CLGU 1330 5730 67613 1334 18805 351618
L-CLGU 1334 16436 233363

Table 6: Annualized changes in globaDE, g(z) = \/x anda = $365

Atemporal Intertemporal

1910- 1960- 1910- 1910- 1960- 1910-
1960 2010 2010 1960 2010 2010

AGU 1.52% 1.78% 1.65% 1.76% 1.72% 1.74%
CGU 3.60% 5.20% 4.40% 6.57% 5.82% 6.19%
P-CLGU 2.96% 5.06% 4.01% 543% 6.03% 5.73%
L-CLGU 5.15% 5.45% 5.30%

6 Conclusion

Development (sometimes steered by public policies) hasol@portant de-
mographic and economic changes worldwide, most impoytantl increase in
population size, a growth in longevity and a general growthving standards.
This has had significant impacts on what we term the “qudhtitye “duration”
and the “quality” of lives. It seems reasonable to suppoaedh such three di-
mensions of human lives may be inputs into the evaluationaiaj social wel-
fare. This paper reviews briefly some of the normative issiestake in incor-
porating these three dimensions into social evaluatiopspposes and discusses
relatively simple methods to quantify their influence, andssesses the empiri-
cal importance of those three dimensions in the evolutiagiabal social welfare
over the last century.

The methods that are proposed and implemented are uéilitarnature, either
in the usual average form or in the total (or classical) fdation. Generalized
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utilitarianism is also considered in order to allow for pbgsdecreasing marginal
income utilities. A critical levelh — understood as the level of well-being for
which adding a new period of life has no impact on social welfa- is also intro-
duced to avoid some of the difficulties to using average atal tdilitarianisms,
namely, those introduced by quantity and duration “repagnanclusions”. The
use of average utility as a social welfare metric may indeedpte the existence
of lives that are too few or too short; the use of total welfanight support the
existence of lives that are too many or too long. A criticaldl generalized util-
itarian (CLGU) social welfare function is then given by thevsof transformed
individual utilities net of the same transformationcaf

In this context, the paper proposes and applies three atteeicomplementary
measurement approaches to incorporate both quantity aradiaiuof lives into
social evaluations. The first approach generates an “HS€ ssocial wel-
fare function that focuses only on the social welfare ctwtion of individuals
with longer lives (65+). The second approach uses measti@smge and to-
tal income in a context in which both the quantity and the tianaof all lives
may matter. (This leads to four simple measurpsr capitaincome, total an-
nual income, lifetime income averaged across individuatgl lifetime income
summed across individuals.) The third approach constroetsures of equally-
distributed-equivalent income that takes into accourquiadity in individual wel-
fare and the possible influence of critical levels and whésstieity of substitution
between life quality and life quantity will exceed one if garal income utilities
are decreasing.

All of these tools show a continuous improvement in globaliglowelfare
over 1910-2010, but at considerably different rates ank eifterent implications.
The evaluation of the change in global social welfare isipaldrly sensitive to
the incorporation of life quantity. The effect of life dui@t is smaller, mainly
because life duration has increased proportionately kesslife quantity over the
last century.
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