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W orld population is still likely to peak during the second half of this century, reaching 
about 9.4 billion in the 2060-2080 period followed by a slight decline to 9 billion by 
the end of the century. This is the result of the medium scenario used in a major new 
international effort to summarize the state of the art of the drivers of future fertility, 

mortality, migration, and education and translate them into scenarios by age, sex, and seven levels 
of educational attainment for 175 countries. A large number of international population experts 
(including 26 lead authors, 46 contributing authors, and over 550 demographic experts around 
the world who responded to an online questionnaire evaluating alternative arguments relating 
to future demographic trends) contributed to a 1056-page book, World Population and Human 
Capital in the 21st Century, published recently by Oxford University Press (OUP; see box on p.3).

In terms of total population size these new projections show a medium trajectory for the 
second half of the century which is lower than that of a recent paper by Gerland et al. (2014) 
based on the UN (2012) population assessment. This is primarily due to somewhat lower 
fertility assumptions for some African countries and for China (see reprint of a response Letter 
in Science on p.3) and to the fact that unlike the UN projections, the new projections also 
explicitly incorporate population heterogeneity by level of education in addition to age and sex. 
Fertility varies significantly with the level of female education – particularly during the process 
of demographic transition. Thus, improvements in the education of younger female cohorts in 
several major African countries since 2000 that are already known about (and are possibly related 
to the Millennium Development Goals [MDGs]) suggest a near-term decline in fertility. Similarly, 

Editorial:  
Human capital 
research for 
evidence-based 
policy
The Wittgenstein Centre 
has released the most 
complete state-of-the-ar t disaggregated 
population projections ever produced. This 
important research on human capital, which 
provides robust empirical evidence for policy-based 
solutions, is a breakthrough for policymakers and 
academics worldwide. The cover article of this 
issue illustrates how population projections by 
age, sex, and education can become a central 
element in informing global decision-making 
bodies about the focus of population policies. 

As shown by the Wit tgenstein Centre’s 
scientists in the Science article reprinted on 
pp. 4 -5, education plays a central role in 
determining not only global population dynamics, 
but also people’s vulnerability and resilience to 
environmental risks. Thus, public investment in 
universal education should be considered as one 
of the key priorities of the policies addressing 
climate change. 

Efficiently communicating research results 
to the policy arena is not an easy task. The 
development of new data visualization tools can 
make a huge difference in terms of enhancing 
the information flow between researchers and 
policymakers. For example, the latest global 
international migration figures reconstructed at 
the Wittgenstein Centre are presented in circular 
plots for ease of comprehension. This format is 
set to become the new standard in representing 
migration data. Another example is the 2014 
European Demographic Data Sheet presented for 
the first time in interactive online format.

More and more in the modern world, scientists 
are expected to produce policy-relevant research 
and make the results widely available to the global 
public. By highlighting the overwhelming power 
of education as a force of global socioeconomic 
change and finding new ways of transmitting this 
knowledge, the Wittgenstein Centre is making its 
own input into better, evidence-based policies for 
future sustainable development. 

Jesus Crespo Cuaresma

Chart 1. Historical trend and projections according to the medium scenario (SSP2) for the world 
population by six levels of educational attainment (see color coding). The additional lines superimposed 
on this graph show the projections of total population size according the stalled development scenario 
(SSP3), the rapid development scenario (SSP1), and the medium variant of the UN 2012 projection.

World Population and Human Capital 
in the 21st Century

New book implies need for new population 
policy rationale

Wittgenstein Centre projections illustrate the importance of 
national human resource development as a policy that can 
help achieve sustainable development
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the stalled fertility decline around 2000 was associated with a stalled 
improvement in the education of earlier female cohorts that was a likely 
consequence of the Structural Adjustment Programs of the 1980s during 
which education spending was cut drastically. Conventional population 
projections that differentiate only according to age and sex and are 
based on statistical extrapolations of aggregate TFRs cannot possibly 
capture these important discontinuities in the education structure of 
subsequent female cohorts. This can only be done through the explicit 
incorporation of education as a third demographic dimension. In 
addition, the involvement of so many population experts from around 
the world who contributed to the new book allowed consideration 
of country-specific factors and knowledge about specific conditions 
within countries.

The new scenarios 
These population projections by age, sex, and level of education 
also form the “human core” of a new set of global change scenarios 
developed and used in the context of the Intergovernmental Panel 
on Climate Change (IPCC) and Integrated Assessment (IA) modeling 
groups. These are the Representative Concentration Pathways (RCPs) on 
future climate impacts and the Shared Socioeconomic Pathways (SSPs) 
on the relationship between climate change, on the one hand, and 
socioeconomic vulnerabilities, adaptation, and mitigation, on the other.

The scenarios of the Special Report on Emission Scenarios (SRES) 
published in 2000, which were used prior to the introduction of the 
RCPs and SSPs, had only total population size and gross domestic 
product (GDP) as socioeconomic variables, with population largely being 
relegated to a denominator function for per capita energy and emissions 
data. The new generation of SSP scenarios is significantly richer in detail 
about the changing structure of human populations. In particular, the 
SSPs were designed to capture the socioeconomic challenges associated 
both with climate change mitigation and adaptation. Following the 
general SSP storylines about alternative global developments in the 21st 
century, alternative sets of assumptions on future fertility, mortality, 
migration, education, and urbanization trajectories were defined and 
combined with consistent GDP trajectories that also account for the 

established relationship between human capital and GDP growth. Of the 
five SSPs, Chart 1 depicts the medium (middle of the road) SSP2, and also 
SSP1, which describes the case of rapid socioeconomic development, 
and SSP3, which captures the case of stalled development. As can be 
seen from Chart 1, the SSP1 to SSP3 range covers a world population 
size in 2100 from 7 to 12.7 billion.

Implications for population policy priorities
The new OUP book has an Epilogue by Wolfgang Lutz entitled, “With 
education the future looks different” which highlights many important 
consequences of explicitly incorporating education in the population 
outlook. The implications for population policy are covered more 
comprehensively in a recent paper in Population and Development 
Review (Lutz 2014) entitled “A population policy rationale for the 
21st century,” which draws rather radical conclusions about the need 
to redefine population policies when education as a demographic 
dimension is taken into account.

The international community has just gone through the Cairo+20 
process in which the Programme of Action of the International 
Conference on Population and Development (ICPD) was formally 
reaffirmed. Twenty years ago an important shift took place away from 
simply achieving demographic targets toward ensuring human wellbeing 
and environmental sustainability based on the principles of human 
rights, dignity, and equality. Revolutionary in 1994, it is still highly 
relevant today. But it addresses only part of the current population-
related concerns. Over the past 20 years in an increasing number of 
countries, these concerns have been shifting toward the question of 
population aging and even population shrinkage. Cairo+20 had little 
to say on these topics.

A new population policy rationale for the 21st century, which is 
equally valid in countries with high and low fertility levels, is human 
capital formation. This focuses not only on counting the number of 
people, but on empowering them through better education and health. 
Recent demographic research has demonstrated that adding education 
to the conventional age and gender dimensions in population analysis 
significantly changes currently dominant population policy rationales:

Chart 2. Having ever used contraception by women’s educational attainment, DHS data for nine countries in West Africa.
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Below replacement-level fer tilit y 
is desirable: A well-educated and more 
productive labor force will increase economic 
growth and thus compensate for decreasing 
population size. Although many established 
pension systems need adjustments to cope 
with population aging, for most countries the 
socially desirable level of fertility—in terms 
of maximizing per capita wellbeing—is, in 
fact, somewhat below replacement level. This 
has been independently shown by Lee et al 
(2014) and by Striessnig and Lutz (2013) using 
different approaches.

The demographic dividend is primarily 
an education dividend: The apparent 
association between declining fertility rates 
and economic growth in many developing 
countries has frequently been interpreted as 
resulting from falling youth dependency ratios. 
New research shows that it is mainly due to 
improved female education, which results in 
both lower fertility and increased productivity. 
This has been shown in Crespo et al. (2013).

Female education is key to lower desired 
family size and to overcoming the obstacles 
of the unmet need for contraception: 
The association of girls’ education with 
greater contraceptive use and lower fertility 
is very clear, and there is little doubt that 
one consequence of empowering women 
through education is higher contraceptive use. 
Chart 2 illustrates the relationship between 
female education and contraceptive use for 
Demographic and Health Surveys (DHS) in 
West Africa. More educated women want 
fewer children and are empowered to actually 
have the number of children they desire by 
helping them overcome many of the main 
obstacles to modern contraceptive use such 
as misinformation on possible side-effects and 
cultural/familial objections. But investments 
in female education and in reproductive 
health services should not be seen as being 

in competition. Both are needed and, indeed, 
can be strongly synergistic.

The ICPD Programme of Action rejected 
quantitative demographic targets and, in 
a widely applauded move, redirected the 
population policy focus to human rights, 
gender equity, and reproductive health. 
However, it did not set any other meaningful 
aggregate-level objectives that might replace 
the dismantled demographic targets. What, 
then, should the goal of population policies in 
the 21st century be for high- and low-fertility 
countries?

Lutz (2014) argues that the primary goal 
of population policies should be to strengthen 
the human resource base for national and 
global sustainable development. This goal is 
fully consistent with the ICPD goals and also 
has strong synergies with other internationally 
agreed development objectives.

This 21st century population policy 
rationale does not seek to identify any 
particular population size, growth rate, fertility 
rate, or age structure as its primary goal. 
Instead, policies would aim to efficiently and 
flexibly manage human resources so as to 
achieve the highest long-term wellbeing for 
current and future generations, while fully 
respecting human rights.
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The Executive Summary of the book can be freely downloaded from  
www.iiasa.ac.at/publication/more_XO-14-031.php

The complete book Lutz, W., Butz, W. P. & KC, S. (Eds.) (2014) World Population and Human Capital in 
the 21st Century. Oxford: Oxford University Press is available for purchase from Oxford University Press: 
http://ukcatalogue.oup.com/product/9780198703167.do 

Country- and region-specific data and projections can also be explored online and free of charge through 
the Wittgenstein Centre’s Data Explorer www.wittgensteincentre.org/dataexplorer/

Reprint from: Science, 31 October 2014, 
Vol 346, Issue 6209)
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Population growth: 
Peak probability
IN THEIR REPORT “World population stabi-

lization unlikely this century” (10 October, 

p. 234; published online 18 September), P. 

Gerland et al. used a United Nations (UN) 

2012 assessment to support their claim 

that the population will not peak this 

century, despite our earlier work indicating 

that it will (1–3). 

The UN assumptions used by Gerland et 

al. are mainly based on statistical extrapo-

lation, whereas our approach is based on 

substantive reasoning and assessments of 

alternative arguments (4). For example, a 

changing education structure means that 

young Nigerian women are more educated 

than their elders, implying likely near-term 

fertility declines. The UN assumes constant 

fertility at 6.0 for 2010 to 2015, but the 

newest Demographic and Health Survey 

shows that it has already decreased to 5.5 

in 2010 to 2013. The population increase 

for Nigeria from today’s 160 million to 

914 million in 2100 expected by the UN 

is thus unrealistic. For China, the UN 

assumes that fertility will only increase in 

the future. We assume, like many Chinese 

scientists and institutions (5), that it 

will decline and stay low in the coming 

decades. On balance, we therefore still 

expect the end of world population growth 

this century. 

Wolfgang Lutz,* William Butz, Samir KC, 

Warren Sanderson, Sergei Scherbov

World Population Program, International Institute 
for Applied Systems Analysis (IIASA), A-2361 

Laxenburg, Austria.

*Corresponding author. E-mail: lutz@iiasa.ac.at
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Population growth: 
Limits of food supply
IN THEIR REPORT “World population stabi-

lization unlikely this century” (10 October, 

p. 234; published online 18 September), P. 

Gerland et al. omit one of the major deter-

minants of population growth: the food 

supply. More than 200 years ago, Malthus 

(1) famously asserted that the growth of a 

population will always outrun its ability to 

feed itself. Yet, in their projections of world 

population growth, Gerland et al. use as 

their independent variables only measures 

of fertility, life expectancy, and age at death. 

They conclude that “the projected popu-

lation of Africa [is] between 3.1 and 5.7 

billion with probability 95% by the end of 

the century,” with no mention of agricul-

tural limits. In fact, much of the continent’s 

area is desert or rain forest (where nutri-

ents are largely stored in living biomass 

rather than in the soil) and could not be 

made arable. The agricultural soils that do 

exist are relatively infertile compared with 

those of other inhabited continents.

Robert R. Holt

Truro, MA 02666, USA. E-mail: capebobholt@
comcast.net
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Comment on “Control profiles of 

complex networks”

Colin Campbell, Katriona Shea, Réka Albert

■ Ruths and Ruths (Reports, 21 March 

2014, p. 1373) find that existing synthetic 

random network models fail to generate 

control profiles that match those found in 

real network models. Here, we show that a 

straightforward extension to the Barabási-

Albert model allows the control profile 

to be “tuned” across the control profile 

space, permitting more meaningful control 

profile analyses of real networks.

Full text at http://dx.doi.org/10.1126/

science.1256492

Response to Comment on “Control 

profiles of complex networks”

Justin Ruths and Derek Ruths

■ Campbell, Shea, and Albert propose an 

adaptation of the Barabási-Albert model 

of network formation that permits a level 

of tuning of the control profiles of these 

networks. We point out some limitations 

and generalizations of this method as 

well as highlight opportunities for future 

work to refine formation mechanisms to 

provide control profile tuning in synthetic 

networks.

Full text at http://dx.doi.org/10.1126/

science.1256714
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           O
ver the coming years, enormous 

amounts of money will likely be 

spent on adaptation to climate 

change. The international commu-

nity recently made pledges of up to 

$100 billion per year by 2020 for the 

Green Climate Fund. Judging from such cli-

mate finance to date, funding for large proj-

ects overwhelmingly goes to engineers to 

build seawalls, dams, or irrigation systems 

( 1). But with specific projections of future 

changes in climate in specific locations still 

highly uncertain, such heavy concrete (in 

both meanings) and immobile 

investments that can lock coun-

tries into certain paths may not 

be the best way to go ( 2). Our new study 

suggests that it may be efficient and effec-

tive to give part of this fund to educators 

rather than engineers. Public investment in 

universal education in poor countries in the 

near future should be seen as a top priority 

for enhancing societies’ adaptive capacity 

vis-à-vis future climate change.

Recent research suggests that general 

empowerment of populations through uni-

versal primary and secondary education 

is not only essential to poverty alleviation 

and economic growth but also to reducing 

vulnerability to natural disasters ( 3,  4). It 

is not unreasonable to assume that factors 

that helped reduce vulnerability to floods, 

tropical storms, and droughts over the past 

decades will help reduce future vulnerabil-

ity to climate change. We present findings 

from the most comprehensive global-level 

assessment of the effects of education on 

disaster fatalities (measured as the logged 

number of deaths per million of popula-

tion) from hydro-meteorological hazards 

that are likely to be intensified by climate 

change, e.g., floods, droughts, storms, and 

extreme temperatures. The data cover 167 

countries for the period 1970 to 2010. Data 

on disasters come from the Emergency 

Events Database (EM-DAT), which provides 

the best available information on the num-

ber of disasters and reported fatalities from 

around the world ( 5).

EDUCATE FEMALES, REDUCE FATALI-

TIES. Because the literature on disaster vul-

nerability has conventionally emphasized 

economic growth while disregarding educa-

tion, our statistical analysis focuses on the 

relative assessment of these two factors as 

measured by Gross Domestic Product (GDP) 

per capita and the proportion of women 

aged 20 to 39 with at least junior secondary 

education. The latter was shown to be a good 

indicator for recent improvements in human 

capital in other contexts ( 3).

To account for differences in the fre-

quency of natural hazards experienced and 

size of the countries affected, we include as 

controls the number of registered disasters 

per population, total arable land area, a 

dummy variable for being landlocked, the 

recent rate of population growth to capture 

stress on infrastructure, and 43 regional 

fixed effects for countries with comparable 

settings and climate zones. As documented 

in the supplementary materials (SM) (table 

S1 and sensitivity analysis in table S2 and 

fig. S1), several alternative model specifica-

tions combined with different estimation 

techniques resulted in very consistent find-

ings: When estimating the relative effects of 

income and education in the same models, 

GDP per capita turns out to be insignifi-

cant, whereas female education is highly 

significant across all models with the ex-

pected negative sign. Hence, this empirical 

analysis of national-level time series clearly 

indicates that female education is indeed 

strongly associated with a reduction in di-

saster fatalities.

Assuming that this robust association 

between education and lower mortality risk 

from natural disasters will continue in the 

future, we present alternative scenarios for 

future disaster-related fatalities as a func-

tion of alternative future education and 

population trends. When studying the ef-

fects of improvements in school enrollment 

on the human capital stock of the adult 

population, it is essential to account for 

significant inertia in the process of human 

capital formation. Because primary and ju-

nior secondary education tend to happen 

almost exclusively during childhood, it will 

take several decades until an expansion of 

education among children translates into 

higher human capital for men and women 

around age 50. This process of human 

capital formation along cohort lines can be 

appropriately modeled using the tools of 

multidimensional demography ( 6).

This approach has recently been ap-

plied to produce a new set of SSP (Shared 

Socioeconomic Pathways) scenarios for the 

international integrated assessment and 

vulnerability, risk, and adaptation research 

communities replacing the older Special 

Report on Emissions Scenarios which con-

tained only total population size and GDP 

as socioeconomic variables ( 7). The SSPs 

were defined to address simultaneously the 

socioeconomic challenges to climate change 

mitigation and adaptation ( 8). Besides many 

By Wolfgang Lutz, Raya Muttarak, 

Erich Striessnig *   

Fund more educators rather than just engineers

ENVIRONMENT AND DEVELOPMENT

Wittgenstein Centre for Demography and Global Human 
Capital (IIASA, VID/ÖAW, WU), Austria. All authors contributed 
equally and are listed in alphabetic order. *E-mail: striess@
iiasa.ac.at

Universal education is key to 
enhanced climate adaptation
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other economic and technological 

variables, alternative population 

scenarios by age, sex, and seven 

levels of educational attainment 

for all countries form the “human 

core” of the full SSPs ( 9). SSP1 il-

lustrates the case of rapid social de-

velopment in all parts of the world 

associated with rapidly expanding 

education (see the first chart). SSP2 

is the middle-of-the-road scenario 

where current development trends 

continue while SSP3 anticipates 

a fragmented world with stalled 

socioeconomic development. The 

figure also illustrates the great 

inertia of progress in improving 

educational attainment where, by 

2035, the differences between the 

scenarios are only evident for the 

younger cohorts. 

The results of combining the estimated co-

efficients (table S1) with two contrasting SSP 

scenarios (SSP1 and SSP3) for the rest of the 

century are shown in the second chart. We did 

this by taking the time-varying population 

and education variables from the respective 

SSPs. Different assumptions were made for 

the frequency of disasters representing possi-

ble greater future hazards. The solid lines in 

the second chart show the hypothetical case 

of constant hazard (i.e., no climate change). 

Under SSP1, this results in a significant de-

cline of disaster deaths because of underly-

ing progress in educational expansion. If we 

assume stalled development, which also im-

plies higher fertility and thus higher popula-

tion size, we observe almost no change under 

SSP3. The dashed lines assume an increase in 

the number of hydro-meteorological extreme 

events of on average 10% per decade (Climate 

Change +10%). Although there is still a slight 

reduction in future disaster deaths for SSP1, 

we observe a strong increase according to 

SSP3. The more extreme assumption of the 

hazard increasing on average by 20% per 

decade (Climate Change +20%; dotted line) 

leads to an increase in future disaster deaths 

in the longer run for all SSPs, although to dif-

ferent degrees.

COGNITIVE CAPACITY, SOCIAL SPILL-

OVER. Our macrolevel finding that educa-

tion reduces disaster-related mortality is 

consistent with evidence from recent empir-

ical studies for different parts of the world 

and at different levels of analysis (from in-

dividual-, household-, and community-level 

to global-level data). These studies dem-

onstrate that education contributes to vul-

nerability reduction and adaptive capacity 

enhancement in the predisaster phase and 

during disaster events and the disaster after-

math [for review, see ( 2)].

Before a disaster, disaster mitigation ef-

forts like living in low-risk areas or undertak-

ing disaster preparedness measures, such as 

stockpiling emergency supplies, are found to 

be greater among more highly educated in-

dividuals and households ( 10). Similarly, loss 

of life, injury, morbidity, and physical dam-

age from natural disasters were reported to 

be lower in communities and countries with 

a higher proportion of populations with at 

least a junior secondary education ( 11). The 

better educated were also found to cope 

better with both income loss and the psy-

chological impacts of natural disasters ( 12). 

Most of these studies explicitly compare the 

effects of education to those of household in-

come with education consistently emerging 

as more important. Given such systemati-

cally strong associations and a sound causal 

narrative described below, there is firm 

ground to assume functional causality of the 

effects of education on reducing vulnerabil-

ity. This implies that a continuation of this 

association in the future can be reasonably 

assumed.

One important mechanism through 

which education influences human well-be-

ing is neurocognitive development. Learn-

ing basic literacy, numeracy, and abstraction 

skills enhances cognitive capacities through 

raising the efficiency of individuals’ cogni-

tive processes and logical reasoning ( 13). 

Accordingly, because preventive action is 

initiated by stressors, such as perception of 

risk, followed by assessments of one’s abil-

ity to respond to the threat, the more edu-

cated tend to have greater risk awareness 

because of better understanding of the con-

sequences of their actions, e.g., as found in 

the case of smoking and cancer prevention 

( 14). In addition to these individual-level 

effects, there are also spillover effects of 

education at the community level as is evi-

dent for the effect of female education on 

lowering infant mortality ( 15). Op-

portunities of social interaction with 

more-educated members may speed 

up the diffusion of information and 

knowledge, or access to institutions 

that favor disaster risk reduction.

Of course, in our study the associa-

tion between educational level and 

disaster vulnerability has only been 

estimated on the basis of the past 

40 years and can change in the lon-

ger-term future because of all kinds 

of uncertainties. Instead of assuming 

different percentage changes in the 

hazard as we did, more differenti-

ated global climate models could be 

applied. But our calculations show 

a clear picture of the strong effects 

of empowerment through education 

on reducing disaster vulnerability 

and enhancing adaptive capacity to climate 

change, which is unlikely to change when us-

ing more sophisticated models. Accordingly, 

given uncertainty about the precise manifes-

tations of climate change in specific areas, it 

seems beneficial to increase general flexibil-

ity and enhance human and social capital in 

order to empower populations to better and 

more flexibly cope with climate change in a 

way best for their long-term benefit. ■ 
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The Global Flow of People
The first edition of the Global Migration Data Sheet presents new estimates of migration flows between 
196 countries over the period 2005-2010. The Data Sheet has been developed by Nikola Sander, Guy 
J Abel, and Ramon Bauer of the Wittgenstein Centre for Demography and Global Human Capital.

At www.global-migration.info everyone can explore migration flow estimates between and within 
regions for five-year periods from 1999 to 2010 in interactive format. The circular migration plots have 
been done by the authors together with Null2 Berlin. A PDF version of the Data Sheet can also be 
downloaded from this website. 
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Quantifying Global International
Migration Flows
Guy J. Abel* and Nikola Sander*†

Widely available data on the number of people living outside of their country of birth do not adequately
capture contemporary intensities and patterns of global migration flows. We present data on bilateral flows
between 196 countries from 1990 through 2010 that provide a comprehensive view of international
migration flows. Our data suggest a stable intensity of global 5-year migration flows at ~0.6% of world
population since 1995. In addition, the results aid the interpretation of trends and patterns of migration
flows to and from individual countries by placing them in a regional or global context. We estimate the
largest movements to occur between South and West Asia, from Latin to North America, and within Africa.

Existing data on global bilateral migration
flows are incomplete and incomparable
because of national statistical agencies not

measuring migration or variation in the way mi-
gration flows are defined (1–3). Stock data, mea-
sured at a given point in time as the number of
people living in a country other than the one in
which they were born, are more widely available
and far easier to measure across countries than
are flow data capturing movements over a period
of time. This is especially true in regions where
the collection of demographic data are less re-
liable. However, flow data are essential for under-
standing contemporary trends in international
migration and for determining relationships. The
discrepancies between the demand for flow data
and the availability of migrant stock data have
hindered theoretical development and have led to
conjectures concerning increases in the overall
volume of global migration (4, 5) and shifts in
spatial patterns (6).

The demand for bilateral migration flow data
that can be the basis for robust comparisons has
led researchers to develop indirect estimates. These
have been limited to European data, in which flow
statistics are plentiful, and have required model-
based methods to harmonize reported flows and

impute missing data (7–9). Outside of Europe,
global bilateral migrant stock data that capture the
size of foreign-born populations in each country—

thus potentially allowing indirect estimations of
flows—have only recently become available (10,11).

Here, we present a set of global bilateral mi-
gration flows estimated from sequential stock ta-
bles published by the United Nations (U.N.) for
1990, 2000, and 2010 (11). The data are primarily
based on place-of-birth responses to census ques-
tions, details collected from population registers,
and refugee statistics. First, we generated mid-
decadal stock tables for the years 1995 and 2005
using a procedure similar to that used by the U.N.
to align census and survey data to the beginning
year of each decade (11). To quantify the global
flow of people over 5-year periods, we then ob-
tainedmaximum likelihood estimates for the num-
ber of movements required to meet the changes
over time in migrant stock data, using an iterative
proportional fitting algorithm (12). A detailed

Wittgenstein Centre for Demography and Global Human Cap-
ital (IIASA, VID/ÖAW, WU), Vienna Institute of Demography
(Austrian Academy of Sciences), Wohllebengasse 12-14, Vienna,
1040, Austria.

*These authors contributed equally to this work.
†Corresponding author. E-mail: nikola.sander@oeaw.ac.at

A B

Fig. 1. Linking migrant flow to stock data and visualizing flows via circular plots. (A) The simplified
example illustrates our method for estimating 5-year migration flows from changes in stock data between mid-
2005 andmid-2010 (details are available in the supplementarymaterials). The number of people born in Country
D and living in Country D (green field) decreased from 200 in 2005 to 180 in 2010. The number of people born
in D and living in Country A (red field) increased from 20 to 40, and the number of people living in Country B
(blue field) also increased from25 to 45, but the number living in Country C (yellow field) decreased from20 to 0.
To match these differences in migrant stock data, our model provides an estimate of 20 people moving out of
Country C, of whom10moved toA and10 toB, and another 20peoplemoving out of Country D,with 10moving
to A and 10 to B. (B) The circular plot visualizes the migrant flows estimated in the hypothetical example. The
origins and destinations of migrants (Countries A to D) are each assigned a color and represented by the circle’s
segments. The direction of the flow is encoded by both the origin country’s color and a gap between the flow and
the destination country’s segment. The volume of movement is indicated by the width of the flow. Because the
flow width is nonlinearly adapted to the curvature, it corresponds to the flow size only at the beginning and end
points. Tick marks on the circle segments show the number of migrants (inflows and outflows).

28 MARCH 2014 VOL 343 SCIENCE www.sciencemag.org1520
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discussion of the input data and estimationmethod-
ology can be found in the supplementarymaterials
and (13). Ourmethodology to obtain bilateral flows
with a simplified example of changes in stock tables
for people born in a hypothetical country is illu-
strated in Fig. 1A. We produced a comparable set
of global migration flows by simultaneously rep-
licating the birthplace-specific estimation procedure
for all 196 countries and accounting for changes
in populations from births and deaths. Refugee
movements are included in our estimateswhen they
are taken into account in the U.N. stock data.

Our bilateral flow estimates capture the number
of people who change their country of residence
over 5-year intervals, similar to transitions measured
over fixed intervals that are recorded by population
censuses (14). The net migration totals calculated
from our bilateral flow tables match the 5-year net
migration data in the U.N. World Population Pros-
pects. A robust comparisonwith existing bilateral flow
estimates for Europe (7–9) is prejudiced by migration
being measured as the annual number of movements
rather than only a transition over a 5-year period. As
the ratio of movements to transitions differs across
countries, depending on the amount ofmultiple and

return moves, there is no simple algebraic solution
to convert from one definition to the other (15).

Migrant stock data compare country of birthwith
country of residence so as to give an estimate of
lifetimemigration. Comparedwith our 5-year flow
measurement, the longer observation interval pro-
vides less detail on the timing of the move (15, 16).
Using stock data as a proxy measure for contem-
porary flows is potentially misleading in the sense
that the relative size of immigrant populations does
not necessarily correspond to that of migrant flows.

The visualization of global migration flows
allows for the visual quantification of directional
gross migration flows and the identification of
their spatial patterns. Using Circos, a software
package widely used in genetics (17), we created
circular migration plots (Fig. 1B) to illustrate the
complex and dynamic nature of migration. The
circular migration plots in Fig. 2 give a snapshot
of our flow estimates in 1990 to 1995 and 2005 to
2010 (top) as compared with the U.N. sequential
migrant stocks in 1990 and 2010 (bottom), which
our estimates are based on (11). Designations of
“more developed,” “less developed,” and “least
developed”were according to the U.N. Population

Division (11). The patterns of flows during the 1990
to 1995 period are noticeably different from those
of the migrant stock data of 1990. Differences be-
tween flows and stocks at this aggregated level
were not testedwith t test because such significance
tests neglect the array of assumptions behind the
estimation model and complexities in the under-
lying data, and a more fully fledged model-building
exercise is beyond the scope of the paper. Fig. 2A
depicts a 13% lower share of migration within the
developed world and a 6% lower share from the
least to less developed world, whereas the share of
migration between the least developed countries is
7% higher in comparison with that in Fig. 2C.
These differences might reflect sudden changes in
the global migration regime driven by the fall of
the Iron Curtain and armed conflicts in Asia and
Africa. The stock data do not capture these fluctua-
tions in contemporary patterns of movement. The
patterns shown in Fig. 2, B and D, are much more
similar because migration flows appear to have
followed long-term trends captured by stock data.

Contrary to common belief (4–6), our data
(Fig. 3) do not indicate a continuous increase in
migration flows over the past two decades, nei-
ther in absolute or relative terms. According to
our estimates, the volume of global migration
flows declined from 41.4 million (0.75% of world
population) during 1990 to 1995, to 34.2 million
(0.57% of world population) during 1995 to 2000.
A substantial part of the fall might be accounted
for by ceasing of cross-border movements trig-
gered by the violent conflicts in Rwanda and the
ending of the Soviet-installed Najibullah regime
inAfghanistan. The number of global movements
increased by 5.7 million between 1995–2000 and
2000–2005, and by 1.6 million between 2000–
2005 and 2005–2010, whereas the percentage of
the world population moving over 5-year periods
has been relatively stable since 1995.

The size ofmigration flowswithin and between
15 world regions in 2005 to 2010 (estimates are in
database S1) is shown in Fig. 4. Several migration
patterns shown in Fig. 4 are broadly in line with
previous assessments based on global stock data
(11) and flow data for selected countries published
by the U.N. (3, 4, 18, 19). Earlier observations

A B

C D

Fig. 2. Comparing estimated migrant flows to stocks in early 1990s and late 2000s. Migration
flows between more developed (green), less developed (blue), and least developed (purple) countries. (A) Flows
during 1990 to 1995. (B) Flows during 2005 to 2010. (C) Stock data from 1990. (D) Stock data from 2010. Tick
marks on the circle segments show the number of migrants (inflows and outflows) in millions.
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include the attractiveness of North America as a
migrant destination, the substantial movements
from South Asia to the Gulf states in Western
Asia, the diverse movements within and between
the European regions, and the general tendency
for more developed regions to record net migra-
tion gains, whereas the less developed countries
in Asia, Africa, and Latin America sent more
migrants than they received from 2005 to 2010.

A global comparison ofmigration flows based
on our estimates extends these earlier observations
and uncovers three striking features of the global
migration system. First, African migrants from
sub-Saharan Africa (who represent the vast ma-
jority of African migrants) appear to have moved
predominantly within the African continent. From
2005 to 2010, an estimated 665,000migrantsmoved
within Eastern Africa, and 1 million people moved
within Western Africa. Our data indicate that it
is the movements between the member coun-
tries of the West African Economic and Monetary
Union—especially Ivory Coast, Burkina Faso, and
Guinea-Bissau—that drive this pattern (database
S2). In contrast, the biggest flow from Western
Africa to another continent comprised 277,000
people moving to Western Europe.

Second,migration flows originating inAsia and
Latin America tended to be much more spatially

focused than were flows out of Europe. Emigrants
fromSouthAsia andSouth-EastAsia tend tomigrate
toWestern Asia, North America, and to a lesser de-
gree, Europe. Migrants from Latin America move
almost exclusively to North America and Southern
Europe. In contrast, migration to and fromEurope is
characterized by amuchmore diverse set of flows to
and from almost all other regions in the world.

Third, although the largest flowsoccurredwithin
or to neighboring regions, the plot depicts numerous
flows that go through the center of the circle. These
long-distance flows are effective in redistributing
population to countries with higher income lev-
els, whereas the return flows are negligible.

Will strong population growth in sub-Saharan
Africa lead tomassmigration from lower-income
countries in Africa to higher-income countries
in Europe and North America over the coming
decades? Our findings provide evidence for a sta-
ble intensity of global migration flows and a
concentration of African migration within the con-
tinent, with only a small percentage moving to
the more developed countries in 1990 to 2010.
Therefore, it seems unlikely that if these observed
trends persist, emigration fromAfricawill play a key
role in shaping global migration patterns in the fu-
ture.Nevertheless, human capital and demographic
trends create a considerable potential for change

in the global migration system. If, for example, fu-
ture population growth in sub-Saharan Africa were
to be paralleled by a commensurate expansion in
education, the growth of a more skilledworkforce
may lead to an increase in skilled migration from
Africa to the more developed world.

In quantifying global migration flows, our
data provide a better basis for analyses of the
spatial structure of international migration flows
that extend beyond the discipline’s theoretical
and methodological boundaries. A better under-
stating of the causes and consequences behind
current migration patterns may allow for a more
informed speculation on future trends.
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Fig. 4. Circular plot ofmigration flows between andwithin world regions during 2005 to 2010.
Tick marks show the number of migrants (inflows and outflows) in millions. Only flows containing at least
170,000 migrants are shown.
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Wittgenstein Centre’s 2014 Conferences
Demographic Differential Vulnerability to 
Natural Disasters in the Context of Climate 
Change Adaptation
3 days, 9 sessions, 1 roundtable discussion, 40 
participants at the seminar co-organized with the IUSSP 
Panel on Climate Change in Kao Lak, Phang Nga, 23-25 
April 2014.

F orty researchers from different disciplines discussed how insights 
into the effects of demographic and socioeconomic differentials 
can assist the international risk, vulnerability, and climate change 
community. 

Conference participants stressed that vulnerability to natural 
hazards depends not only on where you are (exposure) but also who 
you are. Within the same community or households, the impacts 
of natural disasters are not distributed evenly among demographic 
groups. While people have adapted to the changing environment 
throughout the human history, the capacity to adapt varies with 
demographic characteristics. Stakeholders who participated in the 
roundtable discussion pointed out that they need scientific evidence 
from demographic experts in order to implement disaster risk reduction 
measures that take account of population change in their community. 

The seminar was also the concluding meeting of an ERC (European 
Research Council) Advanced Investigator Grant awarded to World 
Population Program director Wolfgang Lutz in 2008 on the topic of 
“Forecasting societies’ adaptive capacity to climate change.” 

Seminar  presentations are downloadable at www.iiasa.ac.at/
news/IUSSP15.

All presentations can also be watched online: www.iiasa.ac.at/
video/IUSSP15. 

Higher education, mobility, and migration in 
and out of Africa
The international conference of the same name was 
organized by the Wittgenstein Centre in June 2014 to 
provide an opportunity for scientists from Africa and 
Europe to exchange relevant research findings.

H igher education is central to fostering socioeconomic 
development. It is particularly important in Africa which is 
the only macro-region in the South where per capita income, 
despite some economic growth, has declined in recent years 

because of extremely high birth rates. African governments recognize 
the importance of education for socioeconomic development and also 
increasingly invest in higher education. However, a rapid expansion of 
universities, especially private ones, is increasingly difficult because of 
the shortage of university teachers. As a consequence, the quality of 
education could suffer. The employment of university graduates is also a 
problem, given the weak development of modern industrial and service 
sectors. Closely related to this is the issue of emigration of graduates 
(brain drain) toward Europe and America. 

From 19-21 June 2014 the international conference “Higher 
education, mobility and migration in and out of Africa (HEMMA)” 
took place at the Wittgenstein Centre. Thirty-four scientists from four 

European and eleven African countries came to Vienna to discuss issues 
related to the development, quality, and outcomes of higher education 
and university teaching and research in Africa from a comparative 
perspective, with a specific focus on relations between Africa and 
Europe. The conference also provided a forum for African and European 
social scientists to exchange relevant research findings across continents.

Please go to the conference Web page www.oeaw.ac.at/vid/hemma 
for more information on the program and specific presentations. 

Studying population aging with redefined 
age
Around 100 demographers and sociologists from 
different parts of the world discussed new approaches 
to understanding and interpreting population aging 
on 3-5 December 2014 in Vienna at the international 
conference, New Measures of Age and Ageing.

I n Europe and other developed regions of the world, life expectancy 
has increased significantly in recent decades, and continues to 
increase. Numerous challenges are caused by population aging. The 
crisis in the health care, social support, and pension systems, for 

example, is widely discussed in the media, at international high-level 
events, and in the offices of the policymakers. The alarmist character of 
many media and political statements due to most studies of population 
aging focusing on only one characteristic of people: their chronological 
age. The implicit assumption is that other characteristics relevant to 
population aging do not change across time and place. But clearly, 
they do. As people live longer, they also stay healthier longer. Because 
of education changes and scientific advances, human populations can 
grow in productivity, creativity, and remaining life expectancy, as they 
grow older chronologically.

For the three days of the New Measures of Age and Ageing 
conference, scientists from all over the world presented and discussed 
new ways of measuring aging in a multidimensional way: based on 
a set of different characteristics, including cognitive abilities, self-
reported physical conditions, biomarkers, etc. The economic and policy 
implications of these new ways of interpreting age and aging were also 
considered.   Several case studies – contextualizing new measures of 
aging in South-East Asia, the northern Atlantic region, Russia, and 
Serbia - were presented at the conference. 

Selected conference contributions will be published in the Vienna 
Yearbook of Population Research 2016. 

Conference presentations can be viewed at www.oeaw.ac.at/vid/
newage. 

www.iiasa.ac.at/news/IUSSP15
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European Demographic 
Data Sheet 2014

The latest Data Sheet features the relative population 
change 2013–2030 due to migration for 49 European 
countries.

T he European Demographic Data Sheet is produced every two 
years by the Wittgenstein Centre for Demography and Global 
Human Capital — a collaboration of the International Institute 
for Applied Systems Analysis, the Austrian Academy of Sciences, 

and the Vienna University of Economics and Business. The Data Sheet i) 
presents the most recent demographic data and population projections 
for 49 European countries, the USA, and Japan, and ii) highlights 
population aging, using traditional and prospective measures, as well as 
fertility, taking into account tempo effects. The new issue also provides 
data on gender differences in education. 

The thematic focus of this year’s issue is population migration and 
its impact on current and future population change. The European 
Demographic Data Sheet 2014 also provides information on female 
advantage and the reversed gender gap in tertiary education in 
Europe. A multidimensional projection model was used to assess the 
future composition of the population by age, sex, and four levels of 
educational attainment.

For the first time the 2014 European Data Sheet is presented on the 
dedicated Web site www.PopulationEurope.org in a more interactive 
and content-rich manner. It allows users to search and sort the main 
table and download the data from the embedded maps and graphs.

The Data Sheet poster can be downloaded from the Web site in PDF 
format, or a hard copy can be ordered from Lisa.Janisch@oeaw.ac.at.

Project update

The ERC-funded project 
Fertility, Reproduction, and 
Population Change in 21st 
Century Europe (EURREP)

T he project team led by Tomáš Sobotka studies changes in 
fertility rates, fertility intentions, and ideals, and their underlying 
drivers. Particular attention is paid to the relationship between 
education and fertility. Although the project mostly focuses on 

Europe, it also examines other countries with low fertility rates, including 
the United States, Japan, Korea, and Brazil. 

The EURREP project strongly contributes to data availability by 
collecting, standardizing, and publishing a wide range of data on 
historical and recent fertility. This includes two interrelated open-access 
databases, the Human Fertility Database (HFD, www.humanfertility.
org) and the Human Fertility Collection (HFC, www.fertilitydata.org), 
developed as a joint activity of the Max Planck Institute for Demographic 
Research in Rostock and the Vienna Institute of Demography/
Wittgenstein Centre.

Based on the census and large-scale sample data, the project has 
also started developing the open-access Cohort Fertility and Education 
(CFE) database (www.cfe-database.org). This was launched in June 2014 
and provides internationally comparable indicators of cohort fertility by 
level of education in countries with below- and around-replacement 
fertility levels. For the moment, data is available for 10 European 
countries: Austria, Croatia, Czech Republic, Hungary, Poland, Romania, 
Slovakia, Slovenia, Spain, and Switzerland – and South Korea. More 
countries, including Germany, will follow in 2015. The database focuses 
on women and men who have (almost) completed their family building 
(i.e. those aged 40 and over at the time of the census). The following 
standardized indicators are available: completed cohort fertility rate 
(CFR), CFR by birth order, share of women (men) by number of children 
ever born, and parity progression ratios (PPR). These are all stratified 
by level of education, and, if possible, by country of birth or citizenship. 
Further, the user can download the input data, which include absolute 
numbers of women (and men, if available) by birth cohort and level 
of education. All indicators can be visualized on interactive graphs, 
which can be printed or downloaded in several formats. The database 
also contains details about methodology and basic information about 
available data, education categories, and important data issues for 
every country included.

Recent publications:
1.	 Sobotka, Tomáš and Éva Beaujouan. 2014. “Two is best? The persistence of a two-

child family ideal in Europe”, Population and Development Review 40(3): 391-419
2.	Brzozowska, Zuzanna. 2014. “Fertility and education in Poland during state 

socialism”, Demographic Research 31(12).
3.	Beaujouan, Éva. 2014. “Counting how many children people want: The influence 

of question filters and pre-codes”, Demográfia, English edition 2013 56(5).
4.	Basten, Stuart A., Tomáš Sobotka and Kryštof Zeman. 2014. “Future fertility 

in low-fertility countries“, Chapter 3 in: Lutz, W., W. P. Butz and S. K.C. (eds.). 
”World Population and Human Capital in the 21st Century”, Oxford University 
Press, pp. 39-146.

Further information: 
www.eurrep.org; www.cfe-database.org.
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Country Popula­
tion size 
on January 
1st, 2013 
(millions)

Projected 
population 
size, 2050 
(millions)

Projected 
population 
size (zero 
migra­
tion), 2050 
(millions)

Number of 
live births, 
2012 (thou-
sands)

Number 
of deaths, 
2012 (thou-
sands)

Net 
migration 
(estimates),  
2012 (thou-
sands)

Total 
 fertility 
rate, 2012

Tempo 
and parity 
adjusted 
total 
fertility, 
2010

Completed 
cohort 
fertility, 
women 
born 1972 
(children per 
woman)

Mean age 
at first 
birth, 2012 
(years)

Male life 
expect­
ancy at 
birth, 2012 
(years)

Female life 
expect­
ancy at 
birth, 2012 
(years)

Male life 
expect­
ancy at 
age 65, 
2012 (years)

Female life 
expect­
ancy at 
age 65, 
2012 (years)

Proportion 
of the 
population 
aged 65+, 
2013 (%)

Proportion 
with a 
remaining 
life ex pect­
ancy of 15 
years or less, 
2013 (%)

Projected 
propor­
tion of the 
population 
aged 65+, 
2050 (%)

Projected 
proportion 
with a  
remaining life 
expect ancy 
of 15 years or 
less, 2050 (%)

Population 
median 
age, 2013 
(years)

Projected 
population 
median 
age, 2050 
(years)

Old­age 
depend­
ency ratio 
65+/20–64, 
2013 (%)

Prospective 
old­age 
depend­
ency ratio 
(see box), 
2013 (%)

Projected 
old­age 
depend­
ency ratio 
65+/20–64, 
2050 (%)

Projected 
prospective 
old­age 
depend­
ency ratio 
(see box), 
2050 (%)

Proportion 
tertiary 
educated 
aged 30–34, 
2011 (%)

Gender gap 
in tertiary 
education, 
ratio F/M, 
2011

Country

M F

Albania 2.8 2.7 2.9 35.3 20.8 -5.5 1.69 1.63* 2.41 - 75.3 79.6 - - 11.8 9.9 26.3 17.0 34.4 50.4 20.0 16.3 45.5 25.2 14.2 19.0 1.34 Albania
Andorra 0.1 - - 0.7 0.3 -2.3 1.25 1.56* - - - - - - 12.6 - - - 39.9 - 18.8 - - - - - - Andorra
Armenia 3.0 2.8 3.1 42.5 27.6 -9.4 1.58 1.76* 1.76 24.1 70.9 77.5 13.9 16.8 10.6 10.2 24.3 16.4 33.4 46.6 16.6 16.0 43.9 26.0 26.9 28.7 1.07 Armenia
Austria 8.5 9.3 7.8 79.0 79.4 44.2 1.44 1.69 1.65 28.7 78.4 83.6 18.1 21.3 18.1 11.9 31.7 17.4 42.6 50.4 29.2 17.5 61.8 26.6 23.1 24.5 1.06 Austria
Azerbaijan 9.4 11.5 10.9 174.5 55.0 1.9 2.00 - 2.05 24.2 71.3 76.6 13.7 16.3 5.8 5.8 17.5 13.9 29.7 40.5 9.1 9.1 28.8 21.6 17.5 13.3 0.76 Azerbaijan
Belarus 9.5 8.0 8.0 115.9 126.5 9.3 1.62 1.63 1.58 25.0 66.6 77.6 12.3 17.3 13.8 14.8 26.7 19.0 39.2 47.8 21.1 22.9 48.5 30.3 25.0 33.8 1.35 Belarus
Belgium 11.2 13.5 11.3 128.1 109.1 47.8 1.79 2.01* 1.84 28.0 77.8 83.1 17.7 21.3 17.6 12.1 26.3 14.5 41.1 44.5 29.4 18.5 50.0 22.5 37.1 48.1 1.30 Belgium
Bosnia & Herzegovina 3.8 - - 32.1 35.7 -0.3 1.35 - - - - - - - - - - - - - - - - - 10.2 11.8 1.16 Bosnia & Herzegovina
Bulgaria 7.3 5.5 5.6 69.1 109.3 -2.5 1.50 1.74 1.67 25.6 70.9 77.9 13.9 17.3 19.2 18.2 30.4 22.0 42.9 50.5 30.6 28.6 57.9 36.1 20.9 34.2 1.64 Bulgaria
Croatia 4.3 3.8 3.6 41.8 51.7 -3.9 1.51 1.84 1.67 27.8 73.9 80.6 15.0 18.7 18.1 15.8 29.5 18.5 42.4 49.5 29.7 24.9 55.3 28.8 19.4 30.0 1.55 Croatia
Cyprus 0.9 1.3 0.9 10.2 5.7 -0.6 1.40 1.64 1.88 28.8 78.9 83.4 17.9 20.4 13.2 8.7 22.6 11.3 36.2 44.1 20.8 12.7 38.6 16.2 40.3 47.8 1.18 Cyprus
Czech Republic 10.5 11.4 9.5 108.6 108.2 10.3 1.45 1.77 1.83 27.9 75.1 81.2 15.7 19.2 16.8 12.6 29.0 15.9 40.4 47.0 26.5 18.5 55.3 24.4 20.5 26.7 1.31 Czech Republic
Denmark 5.6 6.7 5.7 57.9 52.3 16.5 1.73 1.94 1.99 29.0 78.1 82.1 17.5 20.2 17.8 11.7 23.3 14.0 41.0 42.4 30.6 18.1 43.5 22.4 34.7 48.0 1.38 Denmark
Estonia 1.3 1.2 1.1 14.1 15.5 -3.6 1.55 1.86 1.85 26.5 71.4 81.5 14.8 20.3 18.0 14.7 27.3 17.7 40.9 46.4 29.3 22.8 51.5 28.3 32.6 54.1 1.66 Estonia
Finland 5.4 6.3 5.5 59.5 51.7 17.6 1.80 2.02 1.90 28.5 77.7 83.7 17.8 21.6 18.8 11.7 25.8 14.1 42.3 43.7 31.9 17.8 49.7 22.2 37.1 55.0 1.48 Finland
France 63.7 75.6 69.3 790.3 559.2 50.0 1.99 2.14 1.99 28.1 78.7 85.4 19.1 23.4 17.7 10.4 27.1 13.9 40.6 44.1 30.6 16.0 53.3 21.8 39.0 47.5 1.22 France
Georgia 4.5 3.5 4.3 57.0 49.3 -21.5 1.67 2.12* - - 70.2 79.0 14.5 18.4 13.8 13.2 30.2 19.9 37.2 52.0 22.0 20.7 58.2 32.1 - - - Georgia
Germany 82.0 79.6 69.8 673.5 869.6 391.9 1.38 1.60 1.53 29.1 78.6 83.3 18.2 21.2 20.7 14.8 32.9 19.7 45.3 51.3 33.9 22.1 65.7 31.1 29.9 31.6 1.06 Germany
Greece 11.1 11.3 10.0 100.4 116.7 -44.2 1.34 1.75 1.58 29.7 78.0 83.4 18.1 21.0 20.1 14.4 33.0 17.8 42.4 50.0 33.4 21.8 66.6 27.6 26.2 31.7 1.21 Greece
Hungary 9.9 8.7 7.9 90.3 129.4 16.0 1.34 1.69 1.78 27.7 71.6 78.7 14.3 18.1 17.2 15.3 28.3 19.2 41.1 49.0 27.4 23.7 52.0 30.1 23.2 33.4 1.44 Hungary
Iceland 0.3 0.5 0.4 4.5 2.0 -0.3 2.04 2.33 2.31 27.1 81.6 84.3 20.1 21.5 12.9 7.6 22.3 11.3 35.5 41.0 21.8 11.8 41.2 17.4 36.1 53.1 1.47 Iceland
Ireland 4.6 6.3 5.5 72.2 28.8 -35.0 2.01 2.16 2.08 29.3 78.7 83.2 18.0 21.1 12.2 7.9 24.2 12.5 35.5 41.2 20.5 12.2 46.4 19.6 38.7 52.4 1.35 Ireland
Italy 59.7 60.0 52.5 534.2 612.9 369.7 1.43 1.55 1.45 29.8 79.8 84.8 18.5 22.1 21.2 13.7 34.7 19.2 44.4 51.3 35.2 20.2 71.6 30.1 15.9 24.7 1.55 Italy
Kosovo 1.8 - - 27.7 7.3 -3.5 2.46 - 2.92 - 74.1 79.4 - - - - - - - - - - - - 2.6 3.0 1.14 Kosovo
Latvia 2.0 1.6 1.6 19.9 29.0 -11.9 1.44 1.64 1.74 26.0 68.9 78.9 13.6 18.5 18.8 17.3 30.0 20.1 42.1 50.8 30.3 27.2 56.2 31.8 23.6 44.5 1.89 Latvia
Liechtenstein 0.04 - - 0.4 0.2 0.2 1.55 - - - 79.7 85.2 18.8 23.5 14.9 - - - 42.1 - 23.4 - - - 26.6 20.0 0.75 Liechtenstein
Lithuania 3.0 2.3 2.6 30.5 40.9 -21.3 1.60 1.72 1.77 26.6 68.4 79.6 14.1 19.2 18.2 16.0 28.8 19.5 42.1 50.0 30.0 25.3 54.1 31.2 23.1 34.0 1.47 Lithuania
Luxembourg 0.5 0.9 0.6 6.0 3.9 10.0 1.57 1.77 1.84 29.6 79.1 83.8 18.4 21.4 14.0 9.4 21.8 11.8 39.1 41.3 22.2 14.0 39.1 17.9 49.1 47.4 0.97 Luxembourg
Macedonia, FYR 2.1 2.1 2.0 23.6 20.1 -0.9 1.51 1.65 2.22 26.2 73.0 76.9 13.9 15.9 12.0 12.2 26.1 17.8 36.7 48.3 18.7 19.0 46.7 27.6 18.5 22.4 1.21 Macedonia, FYR
Malta 0.4 0.4 0.4 4.1 3.4 3.1 1.43 1.83 1.67 28.1 78.6 83.0 17.6 21.0 17.2 10.9 28.9 15.7 40.5 49.5 27.6 15.9 54.0 23.5 20.9 21.9 1.05 Malta
Moldova 3.6 2.4 3.1 39.4 39.6 0.1 1.26 1.40 1.86 24.3 67.2 75.0 13.0 15.7 9.9 11.5 29.6 22.7 34.8 55.2 14.9 17.6 53.2 36.4 22.9 28.0 1.22 Moldova
Monaco 0.04 - - 0.2 0.2 - 1.9 - - 30.5 82.3 87.2 21.2 25.0 - - - - - - - - - - - - - Monaco
Montenegro 0.6 0.7 0.6 7.5 5.9 0.0 1.70 2.06* 1.95 - 74.3 78.4 15.2 17.3 13.2 11.9 24.9 15.4 37.1 46.1 21.6 19.1 44.6 23.6 - - - Montenegro
Netherlands 16.8 18.2 16.8 176.0 140.8 14.1 1.72 1.90 1.76 29.3 79.3 83.0 18.0 21.0 16.8 10.7 27.9 16.7 41.6 46.3 28.0 16.1 54.1 26.5 37.3 44.8 1.20 Netherlands
Norway 5.1 7.1 5.6 60.3 42.0 47.1 1.85 2.15 2.04 28.4 79.5 83.5 18.3 21.0 15.7 9.7 23.2 12.5 38.9 41.9 26.3 14.8 43.0 19.4 41.5 56.4 1.36 Norway
Poland 38.5 35.6 34.9 386.3 384.8 -6.6 1.30 1.66 1.70 26.6 72.7 81.1 15.4 19.9 14.2 11.2 30.0 16.8 38.7 50.1 21.9 16.4 57.7 25.8 30.0 43.2 1.44 Poland
Portugal 10.5 11.2 9.1 89.8 107.6 -37.3 1.28 1.66 1.64 28.6 77.3 83.6 17.6 21.3 19.4 13.6 30.3 17.2 42.6 48.1 32.0 20.5 58.9 26.6 21.9 35.1 1.61 Portugal
Romania 20.0 16.0 16.4 201.1 255.5 15.9 1.52 1.62 1.65 25.7 71.0 78.1 14.5 17.7 16.4 14.9 32.4 21.8 41.1 52.3 25.9 23.0 62.5 35.0 19.7 21.0 1.07 Romania
Russia 143.3 132.8 120.1 1896.3 1898.8 294.9 1.69 1.66 1.57 24.9 64.6 75.9 12.8 17.1 12.9 13.8 23.0 17.2 38.3 43.7 19.6 21.2 40.5 27.5 28.9 39.6 1.37 Russia
San Marino 0.03 - - 0.3 0.2 0.2 1.15 1.61* - 31.2 81.0 86.1 19.3 23.0 17.8 - - - 43.5 - 28.5 - - - - - - San Marino
Serbia 7.2 6.5 5.8 67.3 102.4 2.4 1.45 1.78 1.86 27.3 72.3 77.5 14.0 16.5 17.6 17.3 26.3 18.5 42.7 47.6 28.1 27.5 47.2 29.1 20.1 29.9 1.49 Serbia
Slovakia 5.4 5.4 5.0 55.5 52.4 3.4 1.34 1.82 1.88 26.9 72.5 79.9 14.6 18.5 13.1 11.3 28.6 17.6 38.2 48.8 20.0 16.8 53.6 27.4 22.9 30.8 1.35 Slovakia
Slovenia 2.1 2.1 1.8 21.9 19.3 0.6 1.58 1.77 1.70 28.5 77.1 83.3 17.1 21.1 17.1 12.3 31.0 17.8 42.2 48.4 26.9 18.0 61.3 27.9 29.4 47.3 1.61 Slovenia
Spain 46.7 50.7 43.3 453.3 401.1 -142.6 1.32 1.53 1.43 30.3 79.5 85.5 18.7 22.8 17.7 11.4 34.0 17.5 41.3 50.0 28.3 16.5 70.4 26.9 36.3 45.0 1.24 Spain
Sweden 9.6 12.5 10.1 113.2 91.9 51.8 1.91 1.99 1.97 29.1 79.9 83.6 18.5 21.1 19.1 11.9 23.4 12.8 40.9 41.7 32.9 18.2 43.8 20.0 40.5 53.5 1.32 Sweden
Switzerland 8.0 9.8 8.0 82.2 64.2 66.4 1.52 1.68 1.64 30.3 80.6 84.9 19.3 22.3 17.4 10.2 30.5 15.9 42.0 48.2 28.0 14.7 60.2 24.3 46.5 41.2 0.89 Switzerland
Turkey 75.6 92.5 92.2 1279.9 374.9 -1.9 2.09 2.39* - - 74.8 80.5 16.0 19.5 7.5 5.8 20.1 13.8 30.1 42.2 12.7 9.6 34.5 21.4 18.3 14.3 0.78 Turkey
Ukraine 45.4 37.9 36.2 520.7 663.1 61.8 1.53 1.58 1.51 24.5 66.0 75.9 12.6 16.5 15.2 16.2 23.8 19.2 39.7 44.5 23.5 25.4 41.9 31.2 - - - Ukraine
United Kingdom 63.9 78.5 68.6 813.0 569.0 156.8 1.92 2.19* 1.88 28.1 79.1 82.8 18.5 20.9 17.2 10.9 24.9 13.7 39.8 42.7 29.1 16.7 47.5 21.5 43.0 48.6 1.13 United Kingdom
EU-28 505.2 536.3 477.4 5199.6 4999.3 910.4 1.57 1.80 1.70 28.5 77.5 83.1 17.7 21.1 18.2 12.5 29.7 16.7 41.9 47.6 30.0 18.9 58.3 26.1 30.9 38.8 1.26 EU-28

United States 315.1 400.9 343.8 3952.8 2513.2 866.1 1.88 2.24 2.19 26.4 76.2 81.0 17.7 20.3 14.0 7.7 21.4 11.5 37.5 40.6 23.3 11.7 39.5 17.8 43.9 52.1 1.19 United States
Japan 127.3 108.3 105.5 1037.2 1256.4 -5.8 1.41 1.49 1.42 29.3 79.9 86.4 18.9 23.8 25.1 12.1 36.5 16.1 46.0 53.4 43.7 17.2 78.4 23.9 35.9 45.2 1.26 Japan

Re-measuring ageing in Europe
Most studies of population ageing focus on only one characteristic, 

people’s chronological age, and in those studies “old age” is typically 
assumed to begin at 65. The implicit assumption is that all other 
characteristics relevant to population ageing do not change over time 
and place. For example, the conventional old-age dependency ratio 
(OADR) is defined as the ratio of the number of people 65 years or 
older to the number of people ages 20 through 64:

OADR =
Number of people aged 65 years or older

Number of people aged 20 to 64

Sometimes the proportion of people 60 or older is used in the nu-
merator, sometimes 15 is used as the lower bound on the ages of 
people in the denominator, or sometimes the ratio is multiplied by 
100 but whatever age is used as a threshold for being old, it is always 
considered fixed in time and space.

Using a fixed chronological age as an “old age“ threshold is mis-
leading. Indeed, many important characteristics of people vary with 
age, but age-specific characteristics also vary over time and differ 
from place to place. At any given chronological age, the remaining life 
expectancy, health and morbidity, disability rates, cognitive function-
ing and many other characteristics of people are very different today 
from what they were 50 years ago or from what they are going to be 
50 years from now. At each chronological age these characteristics are 
different in different regions of the world. 

Thus, using the OADR as an indicator of ageing for comparative pur-
poses over a long time span creates a biased measure. By ignoring 
likely future gains in life expectancy and health, among other relevant 
dimensions of ageing, it produces a series that increases too rapidly. 

One of the new measures of ageing introduced by scientists from 
IIASA and VID is based on remaining life expectancy. It is called the 
prospective old-age dependency ratio. The threshold of being old is 
no longer fixed here but changes with the change in life expectancy 
and is based on a constant remaining life expectancy. We assume here 
that people are old when the average remaining life expectancy in 

their age group is less than 15 years (those ages are given for selected 
European countries on the reverse side of this data sheet):

POADR =
Number of people older than the old-age threshold

Number of people aged 20 to the old-age threshold

The figures in this box show the projected OADR and POADR for six 
European countries. Once the threshold of being old is based on re-
maining life expectancy, the picture of ageing looks very different and 
much less gloomy: by 2050, POADR is half the magnitude of the OADR 
in most of the cases. In addition, adjusting for life expectancy levels 
indicates that there is much less diversity between eastern and western 
Europe than as it appears without this adjustment. In general, ignoring 

differences in the characteristics of people over space and time produces 
misleading measures of ageing that can lead to inappropriate policies.  

Further reading:
Sanderson, W. and S. Scherbov 2005. Average Remaining Lifetimes Can Increase 
As Human Populations Age, Nature 435: 811-813.
Sanderson, W. and S. Scherbov 2010. Remeasuring aging. Science 329: 1287-
1288.
Sanderson, W. and S. Scherbov 2013. The characteristics approach to the 
measurement of population aging, Population and Development Review, 39(4): 
673–685
New measures of population ageing could be found at: 
www.reaging.org/indicators
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Tempo effect and adjusted total fertility
The period level of fertility is commonly measured by the Total Fertility Rate 

(TFR), which is readily available for almost all European countries. However, the 
period TFR is sensitive to changes in the age at childbearing. In most European 
countries, women have been shifting births to higher ages for several decades. 
This postponement of childbearing lowers the number of births in a given period 
and thus depresses the TFR even if the number of children women have over their 
entire life course does not change. This tempo effect can also be envisaged as an 
expansion of the interval between generations that results in fewer births per 
calendar year. In addition, the TFR is also affected by changes in the parity com-
position (i.e. the number of children ever born) of women of reproductive ages.

Alternative indicators were proposed to obtain a better measure of the av-
erage number of children per woman in a period perspective. Ever since its 
first publication in 2006, the European Demographic Data Sheet has used the 
tempo-adjusted TFR (TFR*), an indicator proposed by Bongaarts and Feeney 
(1998) that is based on birth order-specific total fertility rates and mean ages 
at birth . As of the previous (2012) edition the data sheet utilises tempo and 
parity-adjusted total fertility (TFRp*), a more recent indicator first introduced 
by Bongaarts and Feeney (2006) and elaborated by Bongaarts and Sobotka 
(2012). The TFRp* offers several improvements over the previous measure. 
It takes into account the parity composition of women of reproductive age 
and thus controls for an additional source of distortion in the conventional 

TFR. Moreover, it yields considerably more stable results than the TFR*, which 
is clearly illustrated in the three country graphs shown here. However, the 
limited availability of detailed data is an obstacle to its use. Wherever possible, 
we show the results for the TFRp* for 2010, which were computed for 21 
European countries, the United States and Japan. For the countries lacking the 
required data, the current data sheet features the TFR* or its estimate, aver-
aged over the 3-year period of 2009-2011 (indicated by asterisk).

Figures 1-3 illustrate trends in the conventional TFR and its alternatives in 
1980-2012 in three European countries with different fertility patterns. The 
graphs also show differences between the two tempo-adjusted indicators, 
TFR* and TFRp*. The values are mostly similar, but the TFR* clearly suffers 
from considerable year-to-year instability. The graphs also depict the long-
term course of fertility postponement as measured by the rise in the mean age 
at first birth and, in the Czech Republic and Spain, reversals of the TFR trends 
after the onset of the economic recession in 2008.

In the Czech Republic the intensive shift to later childbearing after 1990 
resulted in a dramatic fall of the period TFR to 1.14 in 1999, followed by its 
subsequent recovery to 1.4-1.5. In contrast, the TFRp* declined gradually, 
reaching levels around 1.8 since the late 1990s. This shows how much the TFR 
can be depressed when women postpone childbearing to later ages. 

In Austria, the postponement of childbearing started earlier but progressed 
more gradually. The TFR and the TFRp* have shown relatively stable values 
since the mid-1980s, hovering around 1.4 and 1.6-1.7, respectively.

Spain shows yet another pattern: conventional and adjusted total fertility 
both fell in tandem in the 1980s and 1990s. The decline in the period TFR 
bottomed out at 1.15 in 1998 and modestly recovered until 2008, whereas the 
TFRp* continued to decline until 2007 and briefly converged with the TFR level 
before rising sharply in the subsequent two years. Most recently, fertility trends 
have been affected by the economic recession, bringing an acceleration of the 
shift towards later first births and a renewed decline in the period TFR. There-
after the TFRp* shows a short-term upswing, which is even more pronounced 
in the trend of TFR*. This increase is likely to be caused by a rapid change in the 
variance of fertility schedule in recent years, which can temporarily distort the 
adjusted measures of fertility, especially TFR*. 

References:
Bongaarts, J. and G. Feeney 1998. On the quantum and tempo of fertility. Population and 
Development Review 24(2): 271-291. 
Bongaarts, J. and T. Sobotka 2012. A demographic explanation for the recent rise in Euro-
pean fertility. Population and Development Review 38(1): 83-120.
Bongaarts, J. and G. Feeney 2006. The quantum and tempo of life cycle events. Vienna 
Yearbook of Population Research 2006: 115-151.

Note: Numbers in italics refer to years different from the one in the column heading. Asterisks indicate different calculation methods applied by the Wittgenstein Centre. Apart from US and Japan, population projections were calculated by the Wittgenstein Centre. EU-28 total population excludes French overseas departments. Some indicators for the EU-28 are computed as weighted averages. For further information about projection assumptions, data sources, country-specific definitions and notes see www.populationeurope.org.

Figure 1: Fertility trends in the Czech Republic, 1980-2012 Figure 2: Fertility trends in Austria, 1980-2012 Figure 3: Fertility trends in Spain, 1980-2012
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Migration makes the difference More information: www.populationeurope.org

http://www.oeaw.ac.at/vid/datasheet/index.html
mailto:Lisa.Janisch%40oeaw.ac.at?subject=
www.humanfertility.org
www.humanfertility.org
www.fertilitydata.org
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Strategic Plan for 2015-2017

Wittgenstein Centre’s 
Research Focus: The 

Demography of Global 
Human Capital

T he scientific goal of the Wittgenstein Centre for Demography 
and Global Human Capital research is to significantly advance 
the global frontier in modeling and understanding the drivers 
and consequences of changing population structures around the 

world – past, present, and likely future. The Centre’s strategic scientific 
priorities for the coming years explicitly address multiple dimensions of 
population structures that go beyond the conventional analysis by age 
and sex. They focus particularly on the roles of human capital formation 

and global population aging and on the interactions of these trends 
with the social, economic, and natural environment. The Wittgenstein 
Centre’s scientists will continue to use the rich methodological toolbox 
of demography and in particular the methods of multi-dimensional 
population dynamics to quantitatively address the “quality dimension” 
of changing human populations. The strategic focus that incorporates 
this dimension into the study of population trends, including their drivers 
and consequences, around the world can be structured into four broad 
research themes and ten research areas (Chart 1).

Because of the strong interactions and interdependencies of the 
individual components, the whole research endeavor is clearly more 
than the sum of its parts. Different themes and areas jointly address an 
ambitious research agenda. Only together can they achieve the goal of 
advancing a new social science paradigm that will introduce the quality 
dimension into population analysis in a coherent and convincing manner 
while facilitating the multi-dimensional modeling of the key interactions 
in the development of human societies.

Chart 1. Wittgenstein Centre’s Research Themes and Areas

Global Human Capital Data Sheet 2015

The Global Human Capital Data Sheet 2015 presents new population projections by age, sex, and level of 
educational attainment for the world.

Based on the latest data and analyses, which were presented and discussed in a recent book entitled World 
Population & Global Human Capital in the 21st Century, published by Oxford University Press, this data sheet 
illustrates that investments in human capital, especially (female) education, are critical for global sustainable 
development. The new population projections are presented by age, sex, and level of educational attainment 
for the world, world regions, and 195 individual countries (24 countries with limited education data) with 
a time horizon to 2060. 

Three scenarios of possible development used in this data sheet show how alternative policies of 
education expansion, mainly through their effect on the future educational attainment of young women, can 
significantly influence the medium- to long-term future paths of population growth for individual countries 
and the world as a whole.

The data are presented in an extensive table and a number of illustrative charts and population pyramids. 
The Data Sheet can be downloaded from the IIASA World Population Program’s web-page:  
www.iiasa.ac.at/POP/DataSheets 

A hard copy can be requested from Katja Scherbov at scherb@iiasa.ac.at 

Human Capital Formation Human Capital Depletion

Fertility & Family

Education Morbidity & Disability

Mortality

Migration

Population & Environment

Measuring & Modeling
Population Ageing

Global Human Capital Data Laboratory

Multi-dimensional
Population Dynamics

Population Economics

Modeling &
Forecasting

Interactions with Socio-Economic and Natural Environment
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Call for papers
Wittgenstein Centre International Conference on  
Education and Reproduction in Low-fertility 
Settings 
Vienna, 2-4 December 2015

Vienna Institute of Demography (VID), Austrian Academy of Sciences/Wittgenstein 
Centre for Population and Global Human Capital (WIC) are organizing this conference 
to investigate aggregate and individual links, as well as causal mechanisms, between 
level of education and reproductive behavior among women and men. The discussion 
will cover countries, regions, and populations with below-replacement or around-
replacement fertility. Empirical and theoretical contributions examining the relationship 
between education and union formation, fertility, and reproductive behavior are 
welcome. The authors of the papers selected for the conference will be invited to 
submit their manuscripts to the special issue of the Vienna Yearbook of Population 
Research (2017) which will be devoted to the topic of the conference.

Organizers: Tomáš Sobotka, Éva Beaujouan, Wolfgang Lutz, and Maria Rita Testa

Please submit your one-page abstract to conference.vid@oeaw.ac.at by 30 June 2015 .

Authors of successful submissions will be informed by 3 September 2015.

More information can be found at www.oeaw.ac.at/vid/edurep.

Postdoctoral demographic research at IIASA
Every year IIASA provides full funding for several postdoctoral researchers. The World Population Program (POP) is looking for strong 
candidates interested in conducting their own research on different aspects of human capital under the supervision of, and in collaboration 
with, prominent POP scientists. Postdoctoral positions of up to 2 years’ duration can begin within 6 months of selection. 

Candidates should have their PhD at the time of taking up the appointment. They are expected to have a proven record of research 
accomplishments and a solid working knowledge of English. Preference will be given to applicants who are nationals of countries where 
IIASA has a National Member Organization and who have held a doctoral degree for less than 5 years at the application deadline.

More information on the postdoctoral program including application details can be found at www.iiasa.ac.at/postdocs. Application 
deadlines are 1 April 2015 and 1 April 2016.

If you have general questions on the postdoctoral program please contact YSSP & Postdoc Coordinator Tanja Huber (huber@iiasa.ac.at). 
For specific questions on demographic research proposals, please refer to Valeria Bordone of POP (bordone@iiasa.ac.at).

Save the date: 9 September 2015
Symposium celebrating the 40th anniversary of the establishment of the Vienna Institute of Demography (VID) of the Austrian Academy 
of Sciences and Opening of the new VID premises on the new campus of WU (Vienna University of Economics and Business) in the Prater.
In addition to the festive event there will be an international symposium organized by the Wittgenstein Centre for Demography and Global 
Human Capital (VID/ÖAW, WU, IIASA) relating population analysis to the Sustainable Development Goals which will be established by 
the United Nations General Assembly the following week.

More information about the symposium will be communicated in due course.
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