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Editorial
The Wittgenstein Centre for Demography and 
Global Human Capital (WIC), formed by three 
pillar institutions, IIASA, the Vienna Institute 
of Demography (VID) of the Austrian Academy 
of Sciences, and the Vienna University of 
Economics and Business (WU), has been fast 
out of the gate. Established earlier this year 
following the award of the Wittgenstein Prize 
to Wolfgang Lutz, WIC celebrates its opening 
in a 29 September Symposium at the Austrian 
Parliament Building. The President of the 
Parliament and the three pillar institution Heads 
will welcome a large audience. Four distin-
guished scientists will identify population and 
human capital challenges for the 21st century. 
WIC’s approach to these challenges will be the 
focus of a panel of the Centre’s four directors, 
followed by closing remarks by Wolfgang.

In our lead article (right), Wolfgang sum-
marizes the state of evidence on these 
interrelationships and sketches their policy 
implications; much of this evidence comes 
from a June article in Science by Wolfgang 
and Samir K.C., reprinted here in its entirety, 
beginning on page 2.

The morning after the Symposium, IIASA 
and WIC will host a two-day UNFPA-sponsored 
workshop, “How Population Factors can 
Promote or Impede Sustainable Development.” 
Experts from around the world will revisit 
the conclusions and recommendations of the 
2002 report of the Global Science Panel on 
Population and Environment, ahead of the 
UN Conference on Sustainable Development 
next June in Rio.

This workshop is the first of seven expert 
meetings being organized for the next five 
months, most of which will advance aspects 
of our new population projections program, 
WIC’s first major project (see page 8).

Let me finish with a personal word. Doing 
demographic–economic research, adminis-
tering it, and then helping to disseminate it to 
policy and media audiences at the Population 
Reference Bureau were three distinct phases 
of my career. More than I realized when I 
made the move to Vienna, here I will be doing 
all three at once. The work is important, the 
colleagues are terrific, and the future is exciting. 
The gate is open and the first five months are 
coming on fast. —William Butz

S cientific research based on newly available data for most countries of the world suggests 
that universal education and basic health, of all the many factors contributing to the 
long term development of societies, are the root causes of development—leading to 
basic empowerment and thus helping trigger many of the other desirable trends that 

lead to a better quality of life for everybody. These new insights suggest the need for a radical 
refocusing of international development priorities toward addressing these root causes—and 
away from big infrastructure projects (which often do more harm than good and also tend to 
foster corruption) and even away from the (ethically understandable) attempt to treat lots of 
specific symptoms of poverty and deprivation. In other words, toward empowering people to 
help themselves rather than being dependent on continued help.

This new research also shows that the universal education of young women makes a particu-
larly big difference. Women empowered through literacy and numeracy are in a better position 
to improve their own health and that of their children and other family members. Better access to 
information, a more rational approach and a willingness to change harmful practices, and last but 
not least a higher status vis-à-vis their husbands that enables them to pursue their own priorities 
can help empowerment. This is of particular importance when it comes to deciding on the number 
of children; more educated women typically want fewer, find better access to contraception, and 
overcome other obstacles to meeting the unmet need for family planning, such as partner objec-
tion or misinformation. For this reason, investments in universal basic female education will be a 
key factor in reducing unsustainable population growth in the least developed countries.

Interestingly, female education also turns out to matter more than male education in terms of 
the effects of education on governance and on the transition to free democracies (1). Evidently, 
women play a key role with respect to the empowerment of informal networks, media, and 
civil society that can exert the checks and balances on those in power that are necessary 

WORLD FEMALE EDuCATION Proportion of women aged 20–39 with at least junior secondary 
education in 2010. (Map prepared by Sergei Timonin, POP YSSPer, 2010)
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affect international food markets and the global
food balance.

China is already among the largest emitters of
carbon dioxide in the world. Population growth is
viewed as one of the decisive factors that will drive
future climate change. New research suggests that,
in addition to population size, changes in popula-
tion structure, urbanization, and household size
also contribute to climate change. Urbanization
leads to a substantial increase in carbon emissions,
whereas the aging process leads to a decrease.
The net effect of demographic change is to in-
crease projected emissions for China by 45% over
time (42). However, the demographic impact on
climate change should not be overstated, as it ac-
counted for only one-third of the country’s emis-
sion increase; industrialization, urbanization, and
consumption are more important factors deter-
mining future carbon emissions in China (43).

Demographic changes in China will have
important global impacts. Given all of the fac-
tors discussed above, a future population decline
may be desirable for China. But rapid or even
sudden population decline would be disastrous,
and it would be very difficult to stop. Maintain-
ing the present low fertility would be worri-
some. Overall, it would be rational for China to
modify its current population policy and to relax
the rigid control on childbearing sooner rather
than later, and to allow the TFR to grow and be
maintained at around 1.8 in the near future. Then
the country’s population would decline and its
aging process would be slower in the future,
which would provide more time and a better
social environment for China to cope with future
population-related socioeconomic changes. China’s
population issues should be dealt with in an in-
tegrated and balanced way.
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Global Human Capital: Integrating
Education and Population
Wolfgang Lutz1,2,3,4* and Samir KC1,2

Almost universally, women with higher levels of education have fewer children. Better education is
associated with lower mortality, better health, and different migration patterns. Hence, the global
population outlook depends greatly on further progress in education, particularly of young women.
By 2050, the highest and lowest education scenarios—assuming identical education-specific
fertility rates—result in world population sizes of 8.9 and 10.0 billion, respectively. Better
education also matters for human development, including health, economic growth, and
democracy. Existing methods of multi-state demography can quantitatively integrate education into
standard demographic analysis, thus adding the “quality” dimension.

Human beings have many observable and
measurable characteristics that distinguish
one individual from another; these char-

acteristics can also be assessed in aggregate and
used to distinguish one subgroup of a popula-
tion from another. Here, we focus on the level

www.sciencemag.org SCIENCE VOL 333 29 JULY 2011 587

SPECIALSECTION

for a free democracy. In this case, as with analysis of most of the other 
benefits of education, the ubiquitous question of the direction of 
causality need be of less concern because of the clear lag structure built 
into the system: when more girls enter elementary school it will take 
some 20+ years until they can make a difference as better-empowered 
young women. In this sense education efforts are without doubt a 
longer-term investment that comes with some near-term costs. This 
may also be a reason why not enough is being invested in this field.

With respect to economic growth, it has long been assumed that 
human capital is a key driver. But earlier economic growth regressions did 
not show this in a consistent way. We now understand that the reason 
for this lies in using education data without the necessary age detail. 
When only the mean years of schooling of the entire adult population 
above age 25 are being considered, this broad age group, even in some 
of the most successful countries (such as South Korea) includes younger 
cohorts that are very well educated, together with older ones that are 
still uneducated because there still was no functioning school system 
when they were of school age. With our newly reconstructed data in 
five-year age groups it can be clearly demonstrated that economic 
growth took off when the better educated young cohorts entered the 
decisive segments of the labor force (2). The analysis of attainment 
distributions by age and sex also shows that neither universal primary 
education nor a focus on elitist tertiary education in an otherwise 
illiterate population will bring countries out of poverty, but that junior 
secondary education in broad segments of the population is decisive. 
As expected, for industrialized countries broad-based tertiary education 
becomes a driver of economic growth.

A radical focus on education also qualifies as a key strategy in our 
quest for sustainable development. First of all, brain power is a zero 
emissions source of health and wealth. Using our brains and enhancing 

our mental capital does not cause more CO2 emissions than remaining in 
ignorance. Quite the opposite, better educated people can make better 
choices, change their behavior more readily, and in particular pick up 
newer and cleaner technologies more rapidly. But most importantly, 
better educated people will be better empowered to adapt to the 
consequences of already unavoidable climate change. Studies on past 
natural disasters show that (after controlling for income) education 
reduces vulnerability and greatly enhances the capacity for recovery. In 
this sense investments in education are likely to be the best long-term 
investments in enhanced adaptive capacity.

The proposal for the radical reorientation of the global development 
priorities described here has been given a Latin name: sola schola et 
sanitate. It was first used in a key note at the Club of Rome Anniversary 
Conference in Rome and is the title of a paper in the world’s oldest 
scientific journal (3). Much more research is needed to further test and 
solidify this sola schola et sanitate hypothesis, but in times of great 
international confusion about the right focus of global development 
policies and because the forthcoming Earth Summit in Rio 2012 lacks 
a clear paradigm about humanity’s future goals, proposing a radical 
focus on enhancing global human capital (i.e., universal education and 
basic health) could be a promising strategy. — Wolfgang Lutz
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of highest educational attainment in age and
gender subgroups. In virtually all societies, better
educated men and women have lower mortality
rates, and their children have better chances of
survival (1). Almost universally, women with
higher levels of education have fewer children,
presumably because they want fewer and find
better access to birth control (2). This effect of edu-
cation on fertility is particularly strong in coun-
tries that still have relatively high overall fertility
levels and hence are in the early phases of their
demographic transitions (3). There are many rea-
sons to assume that these pervasive differentials
are directly caused by education, which enhances
access to information, changes the motivations for
behavior, and empowers people to better pursue
their own preferences, although causality can only
be proven for specific historical settings (4). For
the following projections by level of education,
it is sufficient to assume that the systematic as-
sociations will continue to persist over the coming
decades as they have for more than a century for
virtually all populations for which data exist.

In demography, the gender of a person is con-
sidered a fundamental characteristic because it
is essential for studying the process of repro-
duction.Mortality andmigration also show strong
variation by gender. Age is another key charac-
teristic of people because it is the main driver of
biological maturation in the young, and age also
matters for social institutions such as school at-
tendance, labor force entry, and retirement. Be-
cause there are distinct patterns of fertility,
mortality, and migration with age, gender and age
are conventionally considered the two most fun-
damental demographic dimensions (5). However,
there are many other biological, social, and eco-
nomic characteristics of people that demographers
are taking into account: These include place of
residence (and whether urban or rural), citizen-
ship, marital status, educational attainment level,
race, migration status, employment status, income
group, and health and disability status.

It has been argued recently that among these,
educational attainment level is the single most
important source of observable population het-
erogeneity that should be routinely added to pop-
ulation analyses based on three criteria (6, 7):
(i) Its explicit consideration should be feasible
in terms of available data and methodology; (ii)
it should matter substantially in terms of altering
population dynamics; and (iii) it should be of
interest in its own right in terms of its social and

economic implications. The following sections
will address these criteria separately. Such an
integration of education can also be interpreted
as adding a “quality” dimension to the mere con-
sideration of the quantity of people.

Human capital is usually defined to encom-
pass both the education and health of people.
Although health is an important prerequisite
for effectively attending school at young age and
health matters for economic productivity at adult
age, here we will focus primarily on the education
component because it can be measured more con-
sistently across countries and because a dynamic
new field of analysis has recently developed in
the area of demographic education modeling.

When measuring education, it is important
to distinguish conceptually between education
flows and stocks. The flows refer to the process
of education, to schooling, or more generally the
production of human capital, which may consist
of formal and informal education. This process
of education is the central focus of pedagogics
and education science, in which the usual sta-
tistical indicators are school enrollment rates,
student-teacher ratios, drop-out rates, and repe-
tition rates. Human capital refers to the stock of
educated adult people, which is the result of past
education flows for younger adults in the more
recent past and for older ones quite some dec-
ades ago. This stock is usually measured in terms
of the quantity of formal education (highest lev-
el of attainment or mean years of schooling), but
the quality dimension (the general knowledge and
cognitive skills people actually have) and con-
tent or direction of education also matter. For
countries for which data on cognitive skills of the
adult population exist, they have shown to have
a significant impact (8), but the number of these
countries is still very limited. Content of educa-
tion matters more for higher education than for
basic education, in which the main aim is the
acquisition of literacy skills and basic numeracy.
The quantity of formal education is often mea-
sured by the mean years of schooling of the adult
population above either the age of 15 or 25 years.
This has the advantage of capturing the entire
human capital of a population at one point in time
in one single number (or two when distinguish-
ing between men and women). However, there
is much to be gained from decomposing this high-
ly aggregate indicator into the full distribution
of educational attainment categories (and thus
capturing the differences in the composition of
education stocks across countries and regions)
and into different age groups and hence captur-
ing inter-cohort changes that drive many of the
consequences of improving human capital on
society and economy.

Populations by Age, Sex, and
Levels of Education
Consistent time series data on educational attain-
ment that are comparable across a large number

of countries are difficult to obtain. Theoretically,
the data by age, sex, and level of education should
be available from the censuses and many repre-
sentative surveys. In practice, these data are al-
most impossible to compare across countries and
over time because of differing definitions of edu-
cation categories despite efforts by the United
Nations Educational, Scientific and Cultural Or-
ganization to standardize classifications in the
form of the ISCED (International Standard Clas-
sification of Education) categories. This makes
the comprehensive statistical analysis of the var-
ious benefits of improvements in educational at-
tainment for societies and economies across the
world and over time difficult to calculate precisely.
Hence, several groups of scientists have tried in-
directly to estimate consistent international time
series of human capital data (9–13). In most cases,
this was done by combining information from time
series of school enrollment rates with the existing
fragmentary information on attainment while trying
to iron out national peculiarities. Demographic
multi-state models (14, 15) offer an alternative
approach that can deal with age- and sex-specific
reconstructions and projections of human capital
in a unified framework that also considers edu-
cational mortality and fertility differentials.

The methods of multi-state population dy-
namics are a generalization of the conventional
cohort-component method of population pro-
jection, which only stratifies populations by age
and sex. In the multi-state model (also known as
multidimensional mathematical demography),
additional dimensions are added that subdivide
the population into different states that all have
their specific fertility, mortality, and migration
patterns. The methodology was developed dur-
ing the 1970s in and around the International
Institute for Applied Systems Analysis (IIASA)
(14, 15), originating from a geographic perspec-
tive in which the states were defined to be re-
gions of a country, with the populations interacting
through internal migration. Later, this concept
was generalized, and states were defined to in-
clude marital status as well as health (such as dis-
abled and non-disabled) (16) or different types
of households (17).

Multi-state methods are particularly appro-
priate for modeling changes in educational at-
tainment. The model is simplified by the fact that
transitions from one state to another only go in
one direction (people only move up to higher at-
tainment categories) and that the transitions are
concentrated at younger ages. Furthermore, fer-
tility and mortality levels tend to vary greatly and
systematically by level of education, and hence,
the explicit consideration makes a crucial differ-
ence, as discussed below.

In applying these methods for projecting back-
ward (reconstruction) or forward (into the future),
one has to have at least one data point for which
the size and structure of the population by age,
sex, and level of educational attainment is available
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empirically. The empirical data set for each
country used here (13, 18) refers to dates around
the year 2000. Given this information, the basic
idea of projecting is straightforward: Assuming
that the educational attainment of a person
remains invariant after a certain age, one can
derive the proportion of women without any
formal education aged 50 to 54 years in 2005
directly from the proportion of women without
any formal education aged 45 to 49 years in 2000
and vice versa by considering the mortality and
migration rates between those ages. One can
make further adjustments for the fact that higher
education levels can still change after age 15 and
that fertility, mortality, and migration vary by level
of education.

This dynamic is illustrated in Fig. 1 with the
example of China, which is not only the world’s
most populous country but also experienced one
of the most rapid fertility declines together with
a phenomenal education expansion. The analy-
sis begins with the age and education pyramid
for 2000. Red indicates the number of men and
women without any formal education. They still
form a majority among the elderly population.
Orange indicates persons with some primary edu-

cation; green indicates persons who have com-
pleted junior secondary, and dark blue indicates
a completed tertiary education. The figure also
shows that today, younger cohorts are much bet-
ter educated than their elders. Reconstructing the
education structure for the year 1970 follows the
above-described procedure along cohort lines:
Those aged 50 to 54 years in 2000 were aged 20
to 24 years in 1970. The same procedure is ap-
plied for forecasting, in which the cohort aged
20 to 24 years in 2000 will be aged 50 to 54 years
in 2030 and will essentially maintain its propor-
tions with primary and secondary education. Only
the tertiary category may still be joined by some
after the age of 20 to 24 years. This figure also
illustrates that much of the future improvement

in the educational attainment of the adult
population is already embedded in today’s
education structure. Future changes in school
enrollment rates will only make a difference for
younger cohorts.

Mother’s Education Is Key
A great deal of research has focused on substan-
tiating the independent and causal relationship
between maternal schooling and child health

(19, 20). Reviews of surveys and census data from
developing countries (21, 22) and econometric
analyses of cross-country macro-data have con-
firmed women’s education as the most important
determinant of child mortality, in which esti-
mates show that each additional year of school-
ing is associated with a 5 to 7% reduction in
child death. (22, 23).

A systematic assessment for a large number
of developing countries using recent DHS (De-
mographic and Health Survey) micro-level data
finds that almost universally, a mother’s educa-
tion is more important for child survival than is
household income and wealth. This finding has
major implications for setting policy priorities
because whether the emphasis is put primarily

on girls’ education or on household income gen-
eration makes a big difference.

The magnitude of empirically measured child
mortality differentials in a selection of develop-
ing countries is shown in Table 1. The indicators
for the <5-years mortality rate and the total fer-
tility rate are compiled from DHS (24) for the
most recent surveys (after 2004). The <5-years
mortality rate is high in many African countries,
especially among the children of uneducated

1970 Age
(years)
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100+
95–99
90–94
85–89
80–84
75–79
70–74
65–69

60–64
55–59
50–54
45–49
40–44
35–39
30–34
25–29
20–24
15–19
10–14
5–9

0–4

Population in thousands

Population 0-14 No education Primary Secondary Tertiary

75000 7500050000 5000025000 250000 0

2000 Age
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Males

100+
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85–89
80–84
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65–69
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50–54
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40–44
35–39
30–34
25–29
20–24
15–19
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2030 Age
(years)

Males

100+
95–99
90–94
85–89
80–84
75–79
70–74
65–69

60–64
55–59
50–54
45–49
40–44
35–39
30–34
25–29
20–24
15–19
10–14
5–9

0–4

Population in thousands
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Females Females Females

Fig. 1. Age and education pyramids for China in 1970, 2000, and 2030. Colors indicate highest level of educational attainment.
Children aged 0 to 14 are marked in gray. Sources are (13, 18).

Explore pyramids for
more countries at
www.scim.ag/phYT60
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mothers. The worst situation is in Mali and Niger.
In every country, the mortality rates are lower
for better educated mothers. In some countries,
primary education is already associated with
much lower child mortality (such as in Nigeria
and Bolivia); in others, the decisive difference
only comes with secondary education (such as
in Liberia and Uganda).

In terms of fertility—measured as the num-
ber of live births per woman—the educational
differentials are equally pervasive. Although fer-
tility rates have seen strong declines in most of
Asia and Latin America, in sub-Saharan Africa
there is still an average of five children per wom-
an, with countries such as Niger as high as seven
children per woman. In virtually every society,
better educated women have lower fertility than
do less educated women. At one extreme is Ethi-
opia, where uneducated women have on average
more than six children, whereas those with sec-
ondary education have two children on average.
Better educated women have lower desired fam-
ily sizes because they tend to face higher op-
portunity costs and tend to put more emphasis
on the “quality” of lives of their children (25).
Empirical studies show that better educated
women consistently want fewer children, have
greater autonomy in reproductive decision-making,
more knowledge about and access to contracep-
tion, and are more motivated to use contraception
because of the higher opportunity costs of un-
planned childbearing (2, 26).

Female Education and Population Growth
Because female education is associated with
lower fertility at the individual level, popula-
tions with higher proportions of better educated
women have lower overall birth rates. Because
this factor by far outweighs the higher child sur-
vival rates, it will lead to a reduction in the pop-
ulation growth rates. For this reason, universal
secondary female education—in addition to its
many other positive implications—has been sug-
gested as an effective way to lower the world’s
population growth (27).

This effect of education on future popula-
tion growth is illustrated numerically in Table 2
through the comparison of different education
scenarios for individual countries and world re-
gions through 2050 (18, 28). Table 2 lists four
alternative education scenarios that are based on
identical sets of education-specific fertility, mor-
tality, and migration rates; they differ in terms of
their assumptions about future school enrollment
rates. The fast track (FT) scenario is extremely
ambitious; it assumes that all countries expand
their school system at the fastest possible rate,
which would be comparable with best performers
in the past such as Singapore and South Korea
(29, 30). The global education trend (GET) sce-
nario is more moderately optimistic and assumes
that countries will follow the average path of
school expansion that other countries already

somewhat further advanced in this process have
experienced. The constant enrollment rate (CER)
scenario assumes that countries only keep the
proportions of cohorts attending school constant
at current levels. The most pessimistic scenario,
constant enrollment numbers (CEN), assumes
that no more schools at all are being built and
that the absolute number of students is kept
constant, which under conditions of population
growth means declining enrollment rates. The
resulting global population projections by level
of education on the basis of these four alterna-
tive education scenarios is shown in Fig. 2.

When interpreting the results of the com-
parison of these scenarios, it needs to be kept

in mind that the effect of better education on
population growth will take a long time, pri-
marily because of two factors: If more girls are
entering primary education tomorrow, the main
effect on fertility will only be some 15 or more
years later, when these young women are in
their prime child-bearing ages; once fertility
rates fall, this will not translate right away into
falling absolute numbers of births because of
the great momentum of more young women
moving into reproductive ages as a consequence
of past high fertility. Even in the unlikely case of
instant replacement-level fertility, young popu-
lations would continue to grow substantially for
decades. For these reasons, the differences among

Table 1. Less-than-5-years mortality rate and total fertility rate for selected countries for recent
years (later than 2004) by level of education of mothers. Source of data is (24).

Country Period*

Less-than-5-years child mortality*
(per thousand live births)

Total fertility rate
(number of live births per woman)

No
education

Primary
Secondary

or
higher

Overall
No

education
Primary

Secondary
or

higher
Overall

Bangladesh 2007 93 73 52 74 3.0 2.9 2.5 2.7
Benin 2006 143 121 78 136 6.4 5.2 3.7 5.7
Bolivia 2008 134 87 44 76 6.1 4.7 2.6 3.5
Cambodia 2005 136 107 53 106 4.3 3.5 2.6 3.4
Congo
(Brazzaville)

2005 202 134 101 123 6.2 6.3 4.0 4.8

Congo DR 2007 209 158 112 155 7.1 7.1 5.0 6.3
Egypt 2008 44 38 26 33 3.4 3.2 3.0 3.0
Ethiopia 2005 139 111 54 132 6.1 5.1 2.0 5.4
Ghana 2008 103 88 67 85 6.0 4.9 3.0 4.0
Guatemala 2008 65 40 20 45 5.2 3.8 2.3 3.6
Guinea 2005 194 172 92 188 6.2 5.1 3.3 5.7
Haiti 2005–

2006
123 97 65 102 5.9 4.3 2.4 3.9

Honduras 2005–
2006

55 40 20 37 4.9 3.8 2.2 3.3

India 2005–
2006

106 78 49 85 3.6 2.6 2.1 2.7

Indonesia 2007 94 60 38 51 2.4 2.8 2.6 2.6
Liberia 2009 164 162 131 158 7.1 6.2 3.9 5.9
Mali 2006 223 176 102 215 7.0 6.3 3.8 6.6
Nepal 2006 93 67 32 79 3.9 2.8 2.2 3.1
Nicaragua 2006 67 40 26 41 4.4 3.2 2.0 2.7
Niger 2006 222 209 92 218 7.2 7.0 4.8 7.0
Nigeria 2008 210 159 107 171 7.3 6.5 4.2 5.7
Pakistan 2006–

2007
102 85 62 93 4.8 4.0 2.8 4.1

Philippines 2008 136 47 30 37 4.5 4.5 3.0 3.3
Rwanda 2007–

2008
174 127 43 135 6.1 5.7 3.8 5.5

Senegal 2008–
2009

112 74 33 100 5.6 4.5 3.1 4.9

Sierra Leone 2008 170 187 130 168 5.8 5.1 3.1 5.1
Swaziland 2006–

2007
150 106 95 106 4.9 4.5 3.4 3.9

Uganda 2006 164 145 91 144 7.7 7.2 4.4 6.7
Zambia 2007 144 146 105 137 8.2 7.1 3.9 6.2

*Less-than-5-years child mortality refers to the period of 10 years prior.
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scenarios listed in Table 2 for the year 2050
show only the beginning of the effects, with
more substantial impacts embedded for the
longer-term future. By 2050, the impact of dif-
ferent education scenarios under otherwise
identical education-specific conditions on world
population size is already very strong: Popula-
tion size in the FTscenario will be over 1 billion
people lower than under the CEN scenario. This
implies that alternative education trajectories
alone will already, over the next 40 years, make
a difference in global population size that is
bigger than the entire African population today,
or three times the current U.S. population. This
effect is strongest for countries with currently
high fertility rates and high education differ-
entials. In Kenya, for example, the population
would increase from 31 million in 2000 to 84 to
85 million in 2050 under the optimistic scenarios
(FT and GET) but increase to an incredible 114
million if no new schools are built (CEN). The
difference between these extreme scenarios is
30 million—about the size of Kenya’s total pop-
ulation in 2000.

These results are likely to be an underesti-
mate of the effect of education on population
growth because it only considers the individual-
level effects and not the community-level effects
of spillover, normative change, and better avail-
ability of reproductive health services in commu-
nities with better educated women. Particularly
in countries that have experienced the most rapid
voluntary fertility declines—such as Iran, Mau-
ritius, and South Korea—these community-level
effects were highly relevant (31, 32). A multi-
level analysis of 22 countries in sub-Saharan
Africa shows that an additional fertility decline of
up to one child per woman is attributable to the
aggregate-level effect of female education on top
of the individual-level effects (33).

The interaction between education and pop-
ulation growth goes both ways. The discussion
of the CEN scenario already showed that under
conditions of high population growth because
of high birth rates, the increase in the school-
age population is such that even maintaining the
current school enrollment rates can be an up-
hill battle. In several African countries during
the 1980s, the proportions of young cohorts in
school actually declined, presumably because
of the combined effects of economic and polit-
ical problems and very rapid population growth,
resulting in an increase in the school-age pop-
ulation. The stall of fertility decline that was ob-
served in some African countries around 2000
is partly associated with this stall in education
of the relevant female cohorts. Although female
education is an important force toward lowering
fertility, rapid growth in the number of children
in a society in which total resources do not grow
at the same pace is an obstacle in the expansion
of education. For this reason, from a policy per-
spective it is most effective to try to increase fe-

male education and improve access to family
planning programs at the same time.

Human Capital and Human Development
Educationmatters greatly for almost every aspect
of progress in human development. The em-
powering function of education is considered a
major goal in its own right. The Human Devel-
opment Index, one of the most widely used indi-
cators of desirable social and economic progress,
consists of three components: one that measures
progress in education itself and two that capture
progress in health and material well-being (34).
There is reason to assume that these latter two
aspects are to some extent driven by progress in
the education of the population, and that indeed
human capital may be viewed as the root cause
of human development (28). The human capital
data that are differentiated by age and sex
helped to shed some light on this assertion.

In economics, it has been assumed for a long
time that education has an important positive
effect not only on individual earnings but also

on aggregate-level economic growth (35, 36). Al-
though the empirical evidence is unambiguous
for individual-level earnings, the statistical evi-
dence for economic growth has been rather weak
until recently. The reasons for this unsatisfactory
situation can be found in the lack of precision
of the education data used and more specifically
in the lack of explicit consideration of the age
structure of human capital (10–12, 30). As can be

seen from the example of China in Fig. 1, themost
frequently used indicator of human capital in
economic growth regressions—the mean years of
schooling of the entire adult population above the
age of 25—averages over age cohorts with very
different levels of education, including the highly
educated young cohorts as well as the poorly
educated older ones. In recent analyses that ex-
plicitly consider the age structure of human cap-
ital, economic growth is fastest when the better
educated young cohorts enter young adulthood.
This pattern is most clearly visible for the Asian
tiger states, where the inter-cohort improvements
in education were dramatic. At the global level,
the age-specific human capital indicators statisti-
cally and unambiguously confirm the key role of
human capital in economic growth (30).

Education is also one of the most important
determinants of adult health and mortality. Large
numbers of studies have established significant
education gradients in mortality in different parts
of the world despite marked contextual differences
(1, 37). Even more dramatic are the education

differentials with respect to disability at older
ages. A recent global-level study on the basis of
the World Health Survey found that almost uni-
versally, better educated men and women at a
given age have a much lower level of self-reported
disability [limitations in activities of daily living
(ADL)] than do the less educated (1). Viewing
this fact together with the above-described educa-
tion projections entirely changes our outlook on

P
o

p
u

la
ti

o
n

 (
b

ill
io

n
s)

0

1

2

3

4

5

6

7

8

9

10
GET CER CEN FT

20
00

20
10

20
20

20
30

20
40

20
50

20
00

20
10

20
20

20
30

20
40

20
50

20
00

20
10

20
20

20
30

20
40

20
50

20
00

20
10

20
20

20
30

20
40

20
50

Years

Population 0-14 No education Primary Secondary Tertiary

Fig. 2. World population by level of educational attainment projected to 2050 on the basis of four different
education scenarios. Source for base year is (39) and for the scenarios is (18).
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the prevalence of disability in the future. If the fo-
cus is only on age and sex, then the observed pat-
tern of increased disability at higher ages, together
with the projection that there will be more elderly
in the future, results in quite dramatic forecasts of
future numbers of persons with severe disabilities.
If education is also factored in, the picture looks
less dramatic. In most countries, the elderly of the
future will be better educated than the elderly of
today. Assuming that the better educated at any
age have substantially lower disability rates, this
improving education factor may partly or even
fully compensate for the aging factor (1, 29). But
because there are still many unknowns, these
interactions between education and health are an
important field for more research.

Education matters greatly for many further
issues than disability, longevity, and economic
well-being. At the individual level, better edu-
cated people are doing better along almost any
dimension, ranging from mental health to the
ability to recover from shocks to lower unemploy-
ment. At the aggregate level, systems of govern-
ance and democracy have been shown to be
closely related to a society’s level of education
(38). It has been shown that the age structure of
human capital and, in particular, the time when
large cohorts of better educated men and women
enter the young adult ages play a key role in the
transitions of societies into modern democracies
(31). Large cohorts of young adults (sometimes
called the “youth bulge”) who are also better edu-
cated but cannot match their higher aspirations
with the realities under an oppressive regime
present a major force toward change. This picture
fits well to the recent events in theArabworld (31).

Because most populations of the world have
seen increases in school enrollment rates among
the younger cohorts over the past years, the
young are generally better educated than the
old. This fact implies that much improvement
in the average education of the future adult pop-
ulation is already assured as these better edu-
cated cohorts move up the age pyramid. This
can be seen in Fig. 2, in which—depending on

the scenario—much of the expected population
increase will be for people with secondary and
tertiary education. In view of the many positive
implications of secondary and tertiary education,
this is good news, but the full effectswill only come
to fruition in the developingworld if strong further
investments in education are being made.
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Table 2. Population sizes (in millions) in world, regions, and selected countries in 2000 and 2050
according to four scenarios. Source for base year is (39) and for scenarios is (18).

2000 2050

(Base year) FT GET CER CEN

World 6115 8885 8954 9728 9977
Africa 819 1871 1998 2236 2393
Asia 3698 5102 5046 5487 5560
Latin America and Caribbean 521 718 729 809 835
Ethiopia 66 153 174 203 214
India 1043 1580 1614 1732 1789
Kenya 31 84 85 100 114
Nigeria 125 275 289 319 340
Pakistan 148 328 335 353 360
Uganda 24 89 91 105 116
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NOTE Data for all countries and scenarios presented in this Science article can be found online 
at www.iiasa.ac.at/Research/POP/edu07. The population pyramids (Figure 1) can be viewed 
at www.scim.ag/phYT60; the data presented there are based on an updated version of the 
30 March 2010 release (on the IIASA Web site). The results of the GET scenario (assumed to be 
the most realistic scenario), as presented in Table 2 for 2050 for China, are based on a TFR of 1.5, 
which is somewhat lower than in the UN assumptions that have been used for all other developing 
countries and scenarios. For this reason, the GET results listed for Asia and for the World are not 
strictly comparable with those of the other three scenarios, although the difference is minor.

The currently ongoing effort of defining new assumptions based on a broad global review of 
arguments about future trends in fertility, mortality, and migration (see page 8 of this POPNET) 
will also result in an all new set of country-specific projections by age, sex, and level of education 
by alternative education scenarios. The results are expected for dissemination by June 2012. +
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WIC staff are planning seven expert 
meetings to take place around the 
world in the next five months. 

Each involves researchers and policymakers 
from many countries, and each is an integral 
part of a larger effort.

The first event takes place at IIASA 
from 30 September to 1 October 2011, 
directly after the Wittgenstein Centre 
Symposium. IIASA and WIC are hosting 
this UNFPA-sponsored expert meeting on 
How Population Factors can Promote 
or Impede Sustainable Development. 
Experts from around the world will revisit 
the 2002 report of the IIASA/IUSSP/UNU 
Global Science Panel on Population and 
Environment, reaffirming or revising its 
conclusions and recommendations in prepa-
ration for the UN Conference on Sustainable 
Development next June in Rio. Results of 
this meeting will be widely disseminated to 
national and international policymakers, as 
well as media and the general public.

Then, from 30 November to 1 December 
2011, a scientific VID/IIASA meeting in 
Vienna on Education and the Global 
Fertility Transition will identify key drivers 
of fertility transitions. Participants will 
pay special attention to the role of human 
capital—in particular, to the basic educa-
tion of women. The effects of education 
will be compared to other possible drivers 
such as declining infant mortality, increasing 
income/wealth, family planning programs, 
or changing social norms. Papers will 
address fertility transitions from the onset 
of family limitation in historical populations 
to the current fertility declines in developing 
countries, as well as possible future trends 
around the world. This meeting is organized 
by Vegard Skirbekk and Wolfgang Lutz.

Our other five upcoming meetings 
constitute the core scientific consultative 
activity of the Wittgenstein Centre’s first 
large project: to produce new, science-based 
population projections by age, sex, and level 
of educational attainment for the world’s 
countries (see POPNET 42, Spring 2011, 
pp. 4–5). Our approach refines and extends 
previous rounds of projections developed at 
IIASA’s World Population Program.

At each of the five meetings, leading 
demographic scientists will decide what 
the latest data and research imply for the 
assumptions that will underlie the new 
projections. Their deliberations will be 
informed by a new survey among the world’s 
population experts. To date more than 
500 survey responses have evaluated the 
validity and relevance of scores of factors 
that research suggests may shape countries’ 
future fertility, mortality, and migration 
trends. They also make statements about 
likely uncertainty ranges.

The five meetings will focus on the 
following topics:
• International Migration 3–5 October 
2011, Boulder, Colorado. Organized by 
Nikola Sander (WIC) and Fernando Riosmena 
(University of Colorado at Boulder)
• High Fertility Countries 7–8 November 
2011, Kathmandu. Organized by Anne 
Goujon (WIC), Regina Fuchs (WIC), and 
Samir K.C. (WIC)
• Low Fertility Countries 2 December 
2011, Vienna. Organized by Tomáš Sobotka 
(WIC) and Stuart Basten (University of 
Oxford)
• High Mortality Countries February 
2012, South Africa. Organized by Alessandra 
Garbero (WIC) and Elsie Pamuk (WIC)
• Low Mortality Countries February 2012, 

Costa Rica. Organized by Marc Luy (WIC) and 
Graciella Caselli (University of Rome)

Based on these meetings, WIC staff 
will construct a new set of education-
specific scenarios and probabilistic popu-
lation projections for all countries of the 
world. The results will be presented at the 
UN Conference in Rio and at the IIASA 
40th Anniversary Conference in June 2012. 
A scientific book reporting the assumptions 
and derived projection results will follow. +
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