
República, Montevideo, Uruguay. 10Institute of Population and
Labor Economics, Chinese Academy of Social Sciences, Beijing,
China. 11Centro de Estudios de Población–CENEP, Buenos Aires,
Argentina. 12Planning Institute of Jamaica, Kingston, Jamaica.
13Paris School of Economics, University of Paris, Paris, France.
14Demography Department, University of California, Berkeley, CA,
USA. 15Universite de Thiès/CREFAT, Dakar, Senegal. 16Vienna
University of Technology, Vienna, Austria. 17Demographic Research
Institute and TARKI Social Research Institute, Budapest, Romania.
18UNESCO, Regional Bureau for Education in Latin America and the
Caribbean, Santiago, Chile. 19Institute of Labor Science and Social
Affairs (ILSSA), Ministry of Labor, Invalids, and Social Affairs
(MoLISA), Hanoi, Vietnam. 20Max Planck Institute for Demographic
Research, Rostock, Germany. 21International Institute for Popula-
tion Sciences, Mumbai, India. 22Center for Korean Studies,
University of Hawaii at Manoa, Honolulu, HI, USA. 23Deceased.
24National School of Development, Peking University, Beijing,
China. 25Institute of Public Policy and Management, National
Economics University, Hanoi, Vietnam. 26State Ministry of National
Development Planning, Jakarta, Indonesia. 27Nihon University
Population Research Institute (NUPRI), Tokyo, Japan. 28National

Institute of Economic and Social Research (NIESR), London, UK.
29Center for Population and Development Studies, Harvard School
of Public Health, Cambridge, MA, USA. 30University of California,
Berkeley, CA, USA. 31Economic Commission for Latin America and
the Caribbean, Santiago, Chile. 32University of Nairobi, Nairobi,
Kenya. 33Institute for Social and Economic Change, Bangalore,
India. 34National Institute of Statistics, Phnom Penh, Cambodia.
35United Nations Population Fund (UNFPA), Maputo, Mozambique.
36NUPRI, Tokyo, Japan. 37Department of Economics, University of
Ibadan, Ibadan, Nigeria. 38Institute for Research on Socio-
Economic Inequality, University of Luxembourg, Luxembourg.
39School of Economics, University of Cape Town, Cape Town,
South Africa. 40Thailand Development Research Institute, Bangkok,
Thailand. 41CEDEPLAR–Department of Demography, Universidade
Federal de Minas Gerais, Belo Horizonte MG, Brazil. 42School of
Urban and Regional Planning, University of the Philippines, Diliman,
Quezon City, Philippines. 43International Agency for Research on
Cancer and Universitat de Barcelona, Barcelona, Spain.
44Australian Demographic and Social Research Institute, Australian
National University, Canberra, Australia. 45Faculty of Economics,
University of Ljubljana, Ljubljana, Slovenia. 46İstanbul Bilgi

University, Istanbul, Turkey. 47Imperial College Business School,
London, UK. 48Department of Economics, University of Ibadan,
Ibadan, Nigeria. 49Department of Economics, Universidad de los
Andes-Bogotá, Bogotá, Colombia. 50Institute of Economics,
Academia Sinica Taiwan, Taipei, Taiwan. 51Department of
Demography, Universidade Federal de Minas Gerais, Belo Horizonte
MG, Brazil. 52Department of Statistics, Universidad Nacional de
Colombia-Bogotá, Bogotá, Colombia. 53Finland Centre for
Pensions, Helsinki, Finland. 54Finnish Pension Alliance TELA,
Helsinki, Finland. 55Institute of Mathematical Methods in
Economics, Vienna University of Technology, Vienna, Austria.
56Department of Economics, University of Ottawa, Ottawa, Canada.

SUPPLEMENTARY MATERIALS

www.sciencemag.org/content/346/6206/229/suppl/DC1
Materials and Methods
Tables S1 and S2
References (24–34)

8 January 2014; accepted 26 August 2014
10.1126/science.1250542

WORLD POPULATION

World population stabilization
unlikely this century
Patrick Gerland,1*† Adrian E. Raftery,2*† Hana Ševčíková,3 Nan Li,1 Danan Gu,1

Thomas Spoorenberg,1 Leontine Alkema,4 Bailey K. Fosdick,5 Jennifer Chunn,6

Nevena Lalic,7 Guiomar Bay,8 Thomas Buettner,9‡ Gerhard K. Heilig,9‡ John Wilmoth1

The United Nations (UN) recently released population projections based on data until
2012 and a Bayesian probabilistic methodology. Analysis of these data reveals that,
contrary to previous literature, the world population is unlikely to stop growing this
century. There is an 80% probability that world population, now 7.2 billion people, will
increase to between 9.6 billion and 12.3 billion in 2100. This uncertainty is much smaller
than the range from the traditional UN high and low variants. Much of the increase is
expected to happen in Africa, in part due to higher fertility rates and a recent slowdown in
the pace of fertility decline. Also, the ratio of working-age people to older people is likely
to decline substantially in all countries, even those that currently have young populations.

T
he United Nations (UN) is the leading agen-
cy that projects world population into the
future on a regular basis (1). Every 2 years
the UN publishes revised data of the pop-
ulations of all countries by age and sex—as

well as fertility, mortality, and migration rates—
in a biennial publication called the World Pop-
ulation Prospects (2). In July 2014, probabilistic

projections were released for individual countries
to 2100. Unlike previous projections, these esti-
mates allow us to quantify our confidence in proj-
ected future trends using established methods of
statistical inference. These projections are based
on recent data, including the results of the 2010
round of censuses and recent surveys until 2012,
as well as the most recent data on incidence, prev-
alence, and treatment for the countries most af-
fected by theHIV/AIDS epidemic (3), which had
not been included previously.
Our analysis of these data shows that world pop-

ulation can be expected to increase from the cur-
rent 7.2 billion people to 9.6 billion in 2050 and 10.9
billion in 2100 (Fig. 1A). These projections indicate
that there is little prospect of an end to world pop-
ulation growth this centurywithout unprecedented
fertility declines inmost parts of sub-SaharanAfrica
still experiencing fast population growth.
Traditionally, the UN has also provided high-

and low-projection scenarios (shown in Fig. 1A),
obtained by adding or subtracting half a child
from the total fertility rate [(TFR) in children per
woman] on which the main (or medium) projec-
tion is based, for each country and all future time

periods. These scenarios have been criticized as
having no probabilistic basis and leading to in-
consistencies (4, 5). For example, though it is plau-
sible that fertility could exceed themain projection
by half a child in a given country and year, it is
unlikely that this would be the case for all coun-
tries and all years in the future, as assumed in the
high projection.
In a methodological innovation aimed at over-

coming this limitation, we derived new probabi-
listic projections based on probabilistic Bayesian
hierarchical models for major components of
demographic change—namely, fertility (6–8) and
life expectancy (9, 10). These models incorpo-
rated available data and take advantage of data
from other countries when making projections
for a given country. They also incorporated ex-
ternal information through Bayesian prior dis-
tributions, including an upper bound of 1.3 years
per decade on the asymptotic rate of increase of
life expectancy, based on historic data on life
expectancy in leading countries (11) and on
changes in the maximum age at death (12). The
models included the assumption that the TFR
for a country will ultimately fluctuate around a
country-specific long-term average that is esti-
mated from the data; these long-term averages
are between 1.5 and 2 children per woman for
most countries with high probability (7).
Probabilistic population projections were then

obtained by inputting the output from the sta-
tistical models to the standard cohort component
projection method (4, 13). Aggregates were based
on individual country projections and take into
account the correlationsbetween countries’ fertility
future trajectories (8). The models yielded prob-
abilistic projections and, thus, probabilistic limits
for future quantities of interest, responding to calls
for probabilistic population forecasting (5). (See the
supplementary materials and http://esa.un.org/
unpd/ppp/ for summary tables, plots, assumptions,
andmethodology.) Here we summarize the overall
trends and discuss their implications for world
population in the future. The probabilistic proj-
ections of world population (Fig. 1A) provide a
general statement of the confidence we can have
in the projections. For example, there is a 95%
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probability that world population in 2100 will be
between 9.0 and 13.2 billion people. The proj-
ections also provide updated answers to long-
standing questions about population change. Lutz
et al. (14) gave an 85% probability that world pop-
ulation growth would end in the 21st century, but
our probabilistic projection indicates that this prob-
ability is much lower, at only 30%. Lutz et al. (15)
considered a doubling of world population from
1997 to 2100 to be unlikely, with a probability of
one-third. We found a similar but slightly lower
probability of 25%. The probabilistic intervals were
much narrower than those between the traditional
high and low scenarios, which seem to overstate
uncertainty about future world population.
Figure 1B shows the projections of total pop-

ulation for each continent to the end of the cen-
tury. Asiawill probably remain themost populous
continent, although its population is likely to peak
around the middle of the century and then de-
cline. Themain reason for the increase in the proj-
ection of the world population is an increase in
the projected population of Africa. The continent’s
current population of about 1 billion people is
projected to rise to between 3.1 and 5.7 billion
with probability 95% by the end of the century,
with a median projection of 4.2 billion. Although
this estimate is large, it does not imply unprece-
dented population density: Under this projection,
Africa’s population density would be roughly equal
to that of China today.
The increase in the projected population of

Africa is due to persistent high levels of fertility
and the recent slowdown in the rate of fertility
decline (16). Three-quarters of this anticipated
growth is attributable to fertility levels above the
replacement level, and the remaining quarter is
due to mortality reduction and current youthful
age structure (17). Since 1950, fertility has de-
clined rapidly in Asia and Latin America and has
also started to decline in Africa. Demographers
had projected that fertility in African countries
would decline at a rate similar to what has been
observed in Asia and Latin America.
However, although fertility has been declining

in Africa over the past decade, it has been doing
so at only about one-quarter of the rate at which it
declined in Asia and Latin America in the 1970s,
when these regions were at a comparable stage of
the fertility transition (16). Indeed, in someAfrican
countries, the decline seems to have stalled (18).
Bongaarts and Casterline (16) suggest two

reasons for the slower fertility decline in sub-
Saharan Africa. First, they note that despite
declines in fertility desires in Africa, the most
recent levels of ideal family size are still high,
with a median of 4.6 children per woman.
This is in line with prevailing family norms
(19) and the fact that the TFR before fertility
started to decline was higher in Africa (6.5) than
in the other regions (5.8) (20, 21). Second, the
unmet need for contraception (the difference
between the demand for contraception and its
use) has remained substantial at ~25%, with no
systematic decline over the past 20 years (22).
A stall in the decline in the past decade is ap-

parent from the past and projected levels of TFR

SCIENCE sciencemag.org 10 OCTOBER 2014 • VOL 346 ISSUE 6206 235

Fig. 1. World and
continental population
projections. (A) UN 2012
world population
projection (solid red line),
with 80% PI (dark shaded
area), 95% PI (light
shaded area), and the
traditional UN high
and low variants (dashed
blue lines). (B) UN 2012
population projections by
continent. In both panels,
the vertical dashed line
denotes 2012.

Fig. 2. TFR and population
projections for Nigeria.
UN 2012 projection of (A)
TFR and (B) total popula-
tion for Nigeria (solid red
lines), with 80% PI (dark
shaded areas), 95% PI
(light shaded areas), and
traditional UN high and low
variants (dashed blue lines).
In both panels, the vertical
dashed line denotes 2012.
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for Nigeria, the most populous country in Africa
(Fig. 2A). The UN’s projection continues to fore-
cast a decline, but the uncertainty bands are
wide, indicating that the stall could continue
for a considerable time. This continued high
fertility would result in a projected increase in
total population of more than fivefold by 2100,
from the current 174 to 914 million (Fig. 2B).
There is considerable uncertainty about this pro-

jection, but there is still a 90% probability that
Nigeria’s population in 2100 will exceed 532 mil-
lion, a more-than-threefold increase.
We also indicate the likely level of population

aging in different countries. Onemeasure of this is
the potential support ratio (PSR), which is equal
to the number of people aged 20 to 64 divided by
the number of people 65 and over (Fig. 3). This
can be viewed very roughly as reflecting the num-

ber of workers per retiree. Currently, the country
with the lowest PSR is Japan, with 2.6.
Germany’s PSR is currently 2.9 and is proj-

ected to decline rapidly at first, to 1.7 in 2035 and
then to 1.4 by the end of the century. Although
there is uncertainty about the level at the end of
the century, with an 80% prediction interval (PI) of
1.1 to 1.7, it is likely that the German PSR will be
well below the current Japanese ratio. The current
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Fig. 3. PSR by country. (A to F) UN projections of PSRs, equal to the number of people aged 20 to 64 divided by the number of people aged 65 or over
(solid red lines), with 80% PI (dark shaded areas) and 95% PI (light shaded areas) shown. In all panels, the vertical dashed line denotes 2012.
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PSR in theUnitedStates is 4.6, and this is projected
to decline to 1.9 by 2100 (80% PI: 1.6 to 2.2).
Whereas the population aging issues of devel-

oped countries have beenwidely discussed (23), the
likely patterns in developing populations that cur-
rently have youngpopulations are lesswell known.
China’s PSR is projected to decline to 1.8 (80% PI:
1.4 to 2.3) from the current high level of 7.8. Brazil’s
PSR is currently 8.6 and is projected to decline to
1.5 (80% PI: 1.0 to 2.0), which is well below the
current Japanese level. India has a PSR of 10.9, but
this is projected to decline to 2.3 (80%PI: 1.5 to 3.2)
by the end of the century. The only country in Fig.
3 that is projected tohave a PSRabove 3 by the end
of the century is Nigeria, whose PSR is currently at
the high level of 15.8 and is projected to decline
to 5.4 (80% PI: 3.4 to 7.8).
These results suggest some important policy

implications. Rapid population growth in high-
fertility countries can create a range of challenges:
environmental (depletion of natural resources, pol-
lution), economic (unemployment, low wages,
poverty), health (high maternal and child mor-
tality), governmental (lagging investments in
health, education, and infrastructure), and social
(rising unrest and crime) (24).
Among the most robust empirical findings in

the literature on fertility transitions are that higher
rates of contraceptive use and female education
are associated with faster fertility decline (25).
These suggest that the projected rapid population
growth could bemoderated by greater investments
in family planning programs to satisfy the unmet
need for contraception (26, 27), as well as invest-
ments in girls’ education. It should be noted, how-
ever, that the UN projections are based on an
implicit assumption of a continuation of existing
policies and reformefforts, but an intensification of
current investments would be required for faster
changes to occur. It should also be noted that the
projections do not take into account potential neg-
ative feedback from the environmental conse-
quences of rapid population growth. The addition
of several billion people in Africa could lead to
severe resource shortages that, in turn, could affect
population size through unexpected mortality, mi-
gration, or fertility effects.
The implications are not all negative, however.

Rapid fertility decline bringswith it the prospect of
a potential long-lasting demographic dividend in
countries that currently have high fertility, such as
Nigeria (see Fig. 3). Figure 3 also suggests that de-
velopingcountrieswithyoungpopulationsbut lower
fertility (e.g., China, Brazil, and India) are likely to
face the problems of aging societies before the end
of the century. This prediction suggests that these
countries need to invest some of the benefits from
their demographic dividends in coming decades
in provisions for future seniors, such as social
security, pension, and senior health care funds.
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ADULT NEUROGENESIS

A latent neurogenic program in
astrocytes regulated by Notch
signaling in the mouse
Jens P. Magnusson,1* Christian Göritz,1* Jemal Tatarishvili,2 David O. Dias,1

Emma M. K. Smith,3 Olle Lindvall,2 Zaal Kokaia,2 Jonas Frisén1†

Neurogenesis is restricted in the adult mammalian brain; most neurons are neither
exchanged during normal life nor replaced in pathological situations.We report that stroke
elicits a latent neurogenic program in striatal astrocytes in mice. Notch1 signaling is
reduced in astrocytes after stroke, and attenuated Notch1 signaling is necessary for
neurogenesis by striatal astrocytes. Blocking Notch signaling triggers astrocytes in the
striatum and themedial cortex to enter a neurogenic program, even in the absence of stroke,
resulting in 850 T 210 (mean T SEM) new neurons in a mouse striatum.Thus, under Notch
signaling regulation, astrocytes in the adult mouse brain parenchyma carry a latent
neurogenic program that may potentially be useful for neuronal replacement strategies.

N
eurogenesis in the adult brain is largely
restricted to the dentate gyrus and the
subventricular zone lining the lateral
ventricles. However, astrocytes close to
a lesion can display neural stem cell prop-

erties when assayed in vitro (1–3), and astro-
cytes can be forced to either convert into (4, 5)
or produce neurons (6) when reprogrammed
by ectopic expression of transcription factors
in vivo.

To explore the in vivo neurogenic potential
of astrocytes, we used Connexin-30–CreER (Cx30-
CreER) transgenicmice (7) carrying aR26R–yellow
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