Popul Environ (2014) 35:243-260
DOI 10.1007/s11111-014-0205-4

PERSPECTIVES

Demographic scenarios by age, sex and education
corresponding to the SSP narratives

Samir KC *+ Wolfgang Lutz

Published online: 19 February 2014
© Springer Science+Business Media New York 2014

Abstract In this paper, we translate the five narratives as defined by the Shared
Socioeconomic Pathways (SSPs) research community into five alternative demo-
graphic scenarios using projections by age, sex and level of education for 171
countries up to 2100. The scenarios represent a significant step beyond past pop-
ulation scenarios used in the Intergovernmental Panel for Climate Change context,
which considered only population size. The definitions of the medium assumptions
about future fertility, mortality, migration and education trends are taken from a
major new projections effort by the Wittgenstein Centre for Demography and
Global Human Capital, while the assumptions for all the other scenarios were
defined in interactions with other groups in the SSP community. Since a full data
base with all country-specific results is available online, this paper can only high-
light selected results.

Keywords Population projections - Education - Age structure - Scenarios -
Country level - SSP

Introduction

In the context of assessing the relationships between socioeconomic development
and climate change, the global modeling communities on Integrated Assessment
Modeling (IAM) and Impacts, Adaptation, and Vulnerability (IAV) have launched a
new effort of scenario development. Key actors of these research communities have
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recently agreed to refer to a common set of Shared Socioeconomic Pathways (SSPs)
that describe alternative future worlds with respect to social and economic
mitigation and adaptation challenges. Unlike the previous generation of scenarios
that only considered total population size in addition to GDP, this new set of
scenarios provides alternative population projections by age, sex and six levels of
education for all countries in the world (KC and Lutz 2014). By doing so, it more
comprehensively covers the human core of the SSPs. In this paper, we summarize
and justify the different scenario assumptions and present selected findings.

The World Population Program of the International Institute for Applied Systems
Analysis (ITASA) has been engaged in the analysis of population and environment
interactions since the 1980s and produced several landmark studies in this field
(Lutz et al. 2002; Lutz 1994a; O’Neill et al. 2001). It began producing global level
population scenarios (Lutz 1994b) at the level of 13 world regions in 1994. One of
the purposes was to produce population projections as part of the Special Report on
Emissions Scenarios (SRES) (Nakicenovic et al. 2000) that underlie the global
emission scenarios used by the Intergovernmental Panel for Climate Change
(IPCC). This was followed by four rounds of probabilistic projections at the level of
13 world regions (Lutz et al. 1997, 2001, 2008; Scherbov et al. 2011). More
recently, this was complemented by sets of country-specific global projections by
age, sex and level of educational attainment using the methods of multi-dimensional
population dynamics (KC et al. 2010).

In this tradition, the Wittgenstein Centre for Demography and Global Human
Capital (a collaborative effort among ITASA’s World Population Program, the
Vienna Institute of Demography of the Austrian Academy of Sciences, and the
Vienna University of Economics and Business) recently carried out a major
expert inquiry for defining new assumptions for a comprehensive new set of
population projections by age, sex and level of education for all countries in the
world. In this demographic expert inquiry, more than 550 population experts from
around the world (all members of international professional population associ-
ations were invited) participated. It consisted of an online questionnaire that
assessed in peer review manner the validity of alternative arguments that would
impact on the future trends of fertility, mortality and migration. In a series of five
meta-expert meetings held on five continents, the survey findings were evaluated
and ultimately translated into numerical assumptions for the actual projections for
all countries. This elaborate process was concluded in late 2012—just in time to
inform the final population scenarios for the SSPs that are being presented in this
paper.

The medium scenario of these new Wittgenstein Centre projections for 195
countries was chosen to be identical with SSP2 (discussed below), which is seen as
the middle of the road scenario. More detailed discussion of specific parameters and
assumptions that underlie the projections than can be presented here are
documented in the forthcoming book, World Population and Human Capital in
the 21st Century (Lutz et al. 2014). Earlier versions of some of the chapters have
been published as online Working Papers (Barakat and Durham 2013; Basten et al.
2013; Caselli et al. 2013; Fuchs and Goujon 2013; Garbero and Pamuk 2013; KC
et al. 2013; Lutz and Skirbekk 2013; Sander et al. 2013) and can serve as a
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reference before the book’s publication. An extensive online data base can be used
to retrieve all the country-specific assumptions and results in five-year steps from
2010 to 2100.'

In this paper, we will first summarize recent work that argues that educational
attainment is the third most important source of observable population hetero-
geneity in addition to age and sex, and that it should be routinely included into
any kind of population analysis, including population projections. We then
describe how the different SSP narratives have been converted into specific sets
of fertility, mortality, migration and education assumptions for different groups of
countries. We end with a few selected results, mostly for the global and regional
level.

Adding education to age and sex in population projections and population-
environment analysis

For many users of population projections, the most important piece of information is
the future total size of the population. For this reason, population size was the only
demographic/social variable considered in the SRES scenarios, complemented only
by GDP per capita as an economic variable. Hence, for many practical purposes,
population size served primarily the function of a scaling factor in the calculation of
per capita indicators.

Human populations are not homogeneous, however, and this heterogeneity
matters. Future population growth is a direct function of the age- and sex-structure
of the population, and for this reason, all modern population projections explicitly
incorporate these two sources of population heterogeneity and define their
assumptions in the form of age-specific fertility, mortality and migrations rates.
Moreover, the age- and sex-composition of a population is also of interest in its own
right. Population aging is considered a highly important socioeconomic issue, for
example, which can only be quantitatively addressed if the age structure of
populations is explicitly incorporated in the projection model. This is also relevant
for the analysis of population—environment interactions where the impact on the
environment as well as the vulnerability to environmental change can differ by age
and sex.

The same is true for other highly relevant individual characteristics such as level
of education and rural/urban place of residence. Both are of dual significance: They
are important sources of population heterogeneity, influencing its dynamics, and
their changing composition in the population is directly relevant for anticipating
socioeconomic challenges for both mitigation of and adaptation to climate change.
In this paper, we address the changing educational structure of populations and the
way in which fertility, mortality and migration differ among educational attainment
categories. We use the techniques of multi-dimensional population dynamics,
developed at IIASA during the 1970s.

! www.wittgensteincentre.org/dataexplorer.
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Education, in particular female education, is a key determinant of future
population growth. Because of the strong association between female education and
fertility, future changes in the composition of the female population by educational
attainment make a big difference. Lutz and KC (2011) have shown that alternative
education scenarios alone (assuming identical sets of education-specific fertility and
mortality trajectories) lead to a difference in more than one billion people in the
world population sizes projected for 2050.

In addition to its effects on population dynamics, the changing educational
composition of the population is of great importance for a broad range of social and
economic development concerns. Based on a newly reconstructed set of educational
attainment distributions by age and sex for most countries back to 1970 (Lutz et al.
2007), it has been shown that the improvement of educational attainment in the
working age population has been the most consistent and significant driver of
economic growth around the world (Lutz et al. 2008). Beyond economic growth,
there is overwhelming evidence that education is a key determinant of both infant
mortality (Pamuk et al. 2011) and adult health and mortality (KC and Lentzner
2010). Beyond individual benefits, improving education by age and sex has also
been shown to matter for countries in transition to modern democracies and the rule
of law (Abbasi-Shavazi et al. 2008; Lutz et al. 2010; Lutz 2009). For the question of
food security, it has long been shown that the basic education of the agricultural
labor force is a key factor in agricultural production (Hayami and Ruttan 1971). As
the set of Population—Education—Development—Agriculture (PEDA) models com-
missioned by the UN Economic Commission for Africa for a number of African
countries shows, when including education in an agricultural production function, it
turns out to be one of the key determinants in reducing malnutrition and food
insecurity (Lutz et al. 2004). Finally, in the context of adaptation to climate change,
a series of empirical studies on differential vulnerability to various kinds of natural
disasters in different parts of the world have confirmed the dominant role of
education as an empowering factor that tends to reduce vulnerability and enhance
the adaptive capacity to the negative consequences of climate change (Frankenberg
et al. 2013; Helgeson et al. 2013; KC 2013; Sharma et al. 2013; Striessnig et al.
2013; Wamsler et al. 2012). Hence, it seems very appropriate to describe the set of
population scenarios including education as the human core of the SSPs.

Converting the SSP narratives into population and education scenarios

The new approach to scenarios in the context of climate change analysis was
formulated at an IPCC workshop in 2007 and includes a set of forcing pathways,
known as the Representative Concentration Pathways (RCPs), to be combined with
alternative socioeconomic development pathways (Moss et al., 2010). The
development of RCPs has been completed, and the pathways documented in a
special issue of Climatic Change (van Vuuren et al. 2011). The development of the
socioeconomic scenarios, known as SSPs was completed in late 2012.

The SSPs were designed to include both a qualitative component in the form of a
narrative on global development (see below), and a quantitative component that
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includes numerical pathways for certain variables (Arnell et al. 2011). Narratives
were developed for basic versions of five SSPs (illustrated in Fig. 2 in the previous
paper by Hunter and O’Neill 2014) with respect to socioeconomic challenges to
mitigation and adaptation. This range of the SSPs is broad enough to contain a large
number of socioeconomic pathways that represent various combinations of
challenges to mitigation and adaptation. The SSPs as presented here are single
pathways that are representative of the types of socioeconomic pathways that could
occupy particular domains within the overall range.

The general SSP rationale as well as the storylines underlying the individual
SSPs have been discussed and documented in the previous paper and need not be
repeated here. In the following, we will focus on the specific way, these
storylines are translated into alternative fertility, mortality, migration and
education scenarios for different groups of countries. Three groups of countries
are distinguished: “High fertility countries,” with a total fertility rate of more
than 2.9 in 2005-2010; “Low fertility countries,” with a total fertility rate of 2.9
and below, and which are not included in the third category; “Rich OECD
countries,” defined by OECD membership and World Bank high income country
status. In the SSPs, scenarios as presented here countries are assumed to stay in
the same group through to 2100. Since there is an almost infinite number of
ways and times at which countries could change group membership, it was
decided that this should be left to users who want to define their own country-
specific SSPs.

The following definitions of the specific demographic assumptions to be made for
different SSPs resulted from a series of meetings and intensive interactions among
members of the SSP community. The general rationale and narrative of each SSP
are introduced in the previous paper; below we will specify the specific
demographic trajectories that were assumed to best represent these rationales.
Table 1 summarizes these choices in tabular form.

SSP 1: Sustainability

This world is making relatively good progress toward sustainability, with ongoing
efforts to achieve development goals while reducing resource intensity and fossil
fuel dependency. The population component of SSP1 is named “Rapid Develop-
ment.” This storyline assumes that educational and health investments accelerate
the demographic transition, leading to a relatively low world population. This
implies assumptions of low mortality and high education for all three country
groups. With respect to fertility assumptions, the story is more complex. For rich
OECD countries, the emphasis on quality of life is assumed to make it easier for
women to combine work and family, making further fertility declines unlikely. For
this reason, the medium fertility assumption was chosen for this group of countries.
Low fertility assumptions were chosen for all other countries as implied by the
assumed rapid continuation of demographic transition. Migration levels were
assumed to be medium for all countries under this SSP.
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Table 1 Matrix with SSP definitions

Country Groupings Fertility Mortality Migration Education
SSP1 HiFert Low Low Medium High (FT-GET)
LoFert Low Low Medium High (FT-GET)
Rich OECD Medium Low Medium High (FT-GET)
SSP2 HiFert Medium Medium Medium Medium (GET)
LoFert Medium Medium Medium Medium (GET)
Rich OECD Medium Medium Medium Medium (GET)
SSP3 HiFert High High Low Low (CER)
LoFert High High Low Low (CER)
Rich OECD Low High Low Low (CER)
SSpP4 HiFert High High Medium CER-10 %/GET
LoFert Low Medium Medium CER-10 %/GET
Rich OECD Low Medium Medium CER/CER-20 %
SSP5 HiFert Low Low High High (FT-GET)
LoFert Low Low High High (FT-GET)
Rich OECD High Low High High (FT-GET)

SSP2: Middle of the road

In this SSP2 world, trends typical of recent decades continue, with some progress
toward achieving development goals, historic reductions in resource and energy
intensity, and slowly decreasing fossil fuel dependency. The corresponding
population component of SSP2 is described as “Medium.” This is the middle of
the road scenario that can also be seen as the most likely path for each country. It
combines for all countries medium fertility with medium mortality, medium
migration and the Global Education Trend (GET) education scenario.

SSP 3: Fragmentation

This narrative is the opposite of sustainability and the corresponding population
component is described as “Stalled Development.” This is a world with a stalled
demographic transition: Fertility is assumed to be low in the rich OECD countries and
high in the other two groups. Accordingly, this scenario assumes high mortality and
low education for all three country groupings. Due to the emphasis on security and
barriers to international exchange, migration is assumed to be low for all countries.

SSP 4: Inequality

This pathway envisions a highly unequal world, both within and across countries. The
population component of SSP4 has the same name. In order to best reflect the inequality
in education, we developed a special scenario that differs from the standard GET
scenarios used in the other SSPs so as to produce a more polarized education distribution
in each country: There is a small group with very high education in each country (which
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is bigger in the rich OECD countries) and large groups with low education. There is
continued high fertility in today’s high fertility countries and continued low fertility in
both groups of low fertility countries. The high fertility countries are assumed to suffer
from high levels of mortality, whereas the other two groups have medium mortality.
Migration is assumed to be at the medium level for all countries.

SSP 5: Conventional development

This storyline envisions a world that stresses conventional development oriented toward
economic growth; the population component of SSP5 has the same name. This world of
conventional development features high education assumptions and low mortality
assumptions across all countries. For fertility, the pattern is strongly differentiated, with
relatively high fertility assumed for the rich OECD countries (as a consequence of high
technology, and a very high standard of living that allows for easier combination of work
and family, and possibly for immigrant domestic assistants) and low fertility assumed
for all other countries. The emphasis on market solutions and globalization also implies
the assumption of high migration for all countries.

What precisely high, medium and low assumptions mean for individual countries
cannot be detailed here; for this, the reader is referred to Lutz et al. (2014) and the
above mentioned online sources. As mentioned, SSP2 is identical to the medium
scenario, regarded as the most likely pathway from today’s perspective. The
medium fertility scenario follows a model of continued demographic transition with
future fertility trends in high fertility countries following the experience of other
countries that have already further progressed in their demographic transitions.
Once a low level of fertility has been reached (around a TFR of 1.6), then countries
slowly converge to a TFR of 1.75 set for 2200. Basten et al. (2013) and Fuchs and
Goujon (2013) explain the assumptions. The high and low fertility scenarios are
essentially defined as being 20 % higher and lower than the medium by 2030 and
25 % different by 2050 and thereafter. Differentials in education-specific fertility
levels start with those empirically observed in individual countries and then are
assumed to converge to a global pattern over the coming decades.

Medium mortality assumptions are made on the basis of a global conditional
convergence model, under which it is assumed that life expectancies in all countries
progressively approach those in regional forerunner countries. These regional
champions themselves would slowly approach the global forerunner (Japan), which
is assumed to experience a constant increase of 2 years in life expectancy per decade.
For the high and low scenarios, it is generally assumed that life expectancy would
increase 1 year per decade faster or slower than in the “medium” case. For AIDS
affected countries in Sub-Saharan Africa, special assumptions are made with larger
uncertainty intervals in the nearer term. Again, the specific numerical assumptions for
each country result from extensive expert argumentation as documented in Lutz et al.
(2014) as well as Garbero and Pamuk (2013) and KC et al. (2013).

The migration assumptions are based on a new global level estimate of the full
matrix of in- and out-migration flows as derived primarily from migrant stock data
(Abel 2013). The medium scenario then assumes constant in- and out-migration rates
for the coming half century followed by a slow convergence to zero net migration. It
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is worth noting that the assumption of constant rates, rather than constant absolute
flows, can over time produce changes in the absolute flows as a function of changing
national population size (for out-migration) or world population size (for in-
migration). The high migration scenarios essentially assume 50 % higher and the low
migration 50 % lower migration than in the medium scenario (Sander et al. 2013).

Finally, the different education scenarios require a word of clarification. The GET
scenario is based on a Bayesian model that estimates the most likely future trajectory in
education-specific progression rates to higher levels from the cumulative experience
of all countries over the past 40 years (Barakat and Durham 2013). The resulting
education trajectories for each country are not only considered to be the “medium,”
but they are also used as the standard—in terms of the resulting educational attainment
distribution in the population—against which all the future education-specific fertility
and mortality trajectories are derived. There are two other benchmark scenarios with
respect to future education trends: The constant enrollment rates (CER) simply
assumes that in each country, the most recently observed level of school enrollment are
frozen at their current levels. Since in many countries, the younger age groups are
much better educated than the older ones, even this scenario can lead to some
improvements in adult education levels over the coming decades, but in the longer run,
it implies stagnation. On the other extreme, there is the fast-track (FT) scenario which
assumes that the country will shift gears and follow the most rapid education
expansion experienced in recent history, namely that of South Korea. Some of the
education scenario choices presented in Table 1 for different SSPs are combinations of
the above described stylized scenarios: FT-GET for SSP1 and SSP5 has been
calculated for each country by taking the arithmetic mean of the education progression
rates implied under the GET and FT scenarios. For SSP4, a more complex combination
was chosen in order to reflect the increasing within-country inequality that storyline
implies: “CER-10 %/GET” implies that the educational attainment progression ratio
(EAPR) is further reduced by 10 %, as compared with CER for the transitions from no
education to incomplete primary, incomplete primary to completed primary and from
completed primary to completed lower secondary. The GET transition ratios are
assumed for the higher educational categories, which will produce larger groups of
elites in these countries. Under “CER/CER-20 %,” for the high income OECD
countries, it is assumed that for these higher education groups the transition rates are
20 % lower than under CER and hence produce a more polarized society.

Selected highlights of the resulting projections

These calculations resulted in an enormous amount of data points. For every country
and for every scenario, the population-education pyramids are given in five-year
intervals from 2010 to 2100. This whole exercise results in a total of 3,939,390
data points, available online under https://secure.iiasa.ac.at/web-apps/ene/SspDb/
dsd?Action=htmlpage&page=about.

The following figures and tables provide summary indicators for the different
SSPs. This information will be presented in the form of aggregates for major world
regions, the world as a whole, and for 12 selected bigger countries. The summary
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education indicator presented is the mean years of schooling (MYS) for the entire
adult population above age 25. To make the figures clearer, the six underlying
educational attainment categories were combined into four, which refer to no
education, some primary, completed junior secondary and post-secondary educa-
tion. For children below the age of 15, no attainment distribution is given because
most of them are still in the process of education.

Table 2, as well as Figs. 1 and 2, shows that for the world as a whole the different
SSPs cover a broad range of total population sizes, which are also associated with
different age and education distributions. SSP2 shows a continued increase in world
population size resulting in 9.17 billion in 2050, then peaking around 9.4 billion in
the 2070 s and declining somewhat to 9 billion by 2100. This medium trajectory of
world population growth reaching a peak during the second half of the century is
consistent with earlier world population projections by IIASA (Lutz et al. 2008) as
well as the United Nations (2009). The UN 2010 revision (United Nations 2011)
does not project such peaking because it modified its assumption of the long-term
convergence level of fertility from previously 1.85 to around 2.1. SSP2 as presented
here assumes this long-term level to be at 1.75, as is extensively discussed and
justified as a result of the expert solicitation in Basten et al. (2013). The most recent
UN 2012 assessment (United Nations 2013) gives a higher world population
trajectory than SSP2 mostly due to higher assumed fertility for Africa and for China.

The uncertainty range of future world population size in 2100 goes from 6.9 billion
under SSP1 to 12.6 under SSP3. This reflects a very significant uncertainty about future
fertility, mortality and education trends which translate not only into different world
population sizes but also very different age and education structures. These scenarios
cannot be directly compared with the UN high and low population variants because
those are only based on alternative fertility assumptions (0.5 children higher and lower
than in the medium variant), while assuming identical mortality and migration patterns
and not explicitly addressing the population heterogeneity with respect to education.

As discussed earlier, these differences in total world population size result
predominantly from two forces: different assumed trajectories in female educational
attainment and different levels of education-specific fertility. Since almost
universally more educated women have lower levels of fertility—an effect that is
particularly strong for countries in the midst of demographic transition—the
changing educational composition of young women alone (Table 3) is a major
factor influencing population growth. When also introducing different sets of
education-specific fertility trajectories—as is the case for the SSPs—the inter-
scenario differences become even larger. Alternative mortality assumptions are of
secondary importance when it comes to population size but are dominating the
picture with respect to the future number of elderly people under different scenarios.
Alternative migration assumptions also can make major differences with respect to
projected national and to a lesser extent regional population sizes.

Figure 2 shows the time trend in population sizes by educational attainment
under all five SSPs. In all cases, the absolute number of people with secondary or
tertiary education will increase over the coming decades. This is a trend that is
already pre-programmed in today’s education structures where almost universally
the younger age groups are better educated than the older ones. This may be called
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Table 2 Results for major world regions and selected countries

Region Year Population (in millions) MYS (mean years of schooling)

SSP1  SSP2 SSP3  SSP4 SSP5 SSP1 SSP2 SSP3 SSP4 SSP5

World 2010 6,871 6871 6871 6871 6871 86 86 86 86 86
2050 8461 9,166 9,951 9,122 8559 121 112 9.0 87 121
2100 6,881 9,000 12,627 9267 7363 141 134 83 81 142
Africa 2010 1,022 1,022 1,022 102 102 58 58 58 58 58
2050 1,764 2,011 2333 2251 1737 110 97 63 57 110
2100 1,865 2,630 3947 3622 1808 137 127 64 58 137
Asia 2010 4,141 4,141 4,141 4141 4141 79 719 79 79 19
2050 4,734 5140 5656 4965 4721 118 109 88 85 118
2100 3293 4417 6712 4076 3300 140 133 84 82 141
Europe 2010 738 738 738 738 738 120 120 120 120 120
2050 769 762 681 716 847 137 135 130 128 137
2100 657 702 543 535 915 145 141 128 129 145
Latin Am. and the 2010 590 590 590 590 590 90 90 90 90 9.0
Caribbean 2050 679 746 859 710 655 126 119 102 9.6 126
2100 487 673 1,085 567 453 147 141 103 99 146
Northern America 2010 344 344 344 344 344 138 138 138 138 138
2050 460 450 372 424 535 148 146 143 141 148
2100 521 513 290 406 801 153 151 144 142 152

Oceania 2010 36 36 36 36 36 121 121 121 121 121
2050 56 57 51 56 64 142 137 128 1277 142
2100 59 65 50 61 87 152 149 124 126 153
Argentina 2010 40 40 40 40 40 103 103 103 103 103
2050 45 49 56 46 44 133 126 105 101 133
2100 34 47 74 35 32 149 144 104 103 149
Bangladesh 2010 149 149 149 149 149 5.6 5.6 5.6 5.6 5.6

2050 178 196 222 177 171 10.1 8.8 7.0 6.5 10.1
2100 125 167 261 116 116 13.0 121 7.1 69 13.0
Ethiopia 2010 83 83 83 83 83 25 2.5 2.5 2.5 2.5
2050 140 159 185 184 137 89 75 4.4 3.8 8.9
2100 137 191 293 289 133 13.0 118 4.7 41 13.0

Iraq 2010 32 32 32 32 32 79 79 79 79 79
2050 58 68 86 84 57 119 112 6.9 62 119
2100 60 88 174 167 57 133 129 6.9 63 133
Mali 2010 15 15 15 15 15 1.6 1.6 1.6 1.6 1.6
2050 30 36 42 41 29 7.6 5.1 1.2 1.1 7.6
2100 33 48 67 65 31 11.1 9.5 1.2 1.1 111
Morocco 2010 32 32 32 32 32 49 49 49 4.9 49
2050 34 37 45 35 31 10.7 9.8 6.0 56 10.6
2100 23 31 57 25 19 143 137 6.3 62 143
Nigeria 2010 158 158 158 158 158 6.4 6.4 6.4 6.4 6.4

2050 329 372 434 431 326 129 122 8.3 78 129
2100 431 582 854 833 424 150 146 8.6 85 150
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Table 2 continued

Region Year Population (in millions) MYS (mean years of schooling)

SSP1  SSP2  SSP3 SSP4 SSP5 SSP1  SSP2 SSP3  SSP4  SSPS

Pakistan 2010 174 174 174 174 174 4.0 4.0 4.0 4.0 4.0
2050 252 293 347 340 246 9.6 7.8 45 4.2 9.6
2100 217 326 551 531 207 124 116 4.6 45 124
Philippines 2010 93 93 93 93 93 100 100 100 100 10.0
2050 133 149 174 172 130 126 122 103 9.4 12,6
2100 116 160 255 250 112 135 132 104 9.6 135

Thailand 2010 69 69 69 69 69 85 8.5 8.5 8.5 8.5
2050 70 74 76 69 73 127 121 102 9.8 127

2100 43 55 71 39 45 150 145 103 103 150

United States of 2010 310 310 310 310 310 13.7 137 137 137 137
America 2050 411 402 334 379 476 148 145 142 141 147
2100 467 459 262 365 713 153 151 143 142 152

Venezuela 2010 29 29 29 29 29 97 9.7 9.7 9.7 9.7
2050 38 42 47 39 38 133 125 102 9.6 133

2100 29 40 61 30 29 149 144 103 9.9 149

World - 2010 World - 2050 SSP1 World - 2050 SSP3
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Fig. 1 World in 2010 and in 2050 under SSP1 und SSP3

the momentum of educational improvement which leads to better future education
of the elderly even under the scenarios that assume no further increase in school
enrollment rates (such as under SSP3). Under SSP1 and SSP5, the global proportion
of people with higher education will increase dramatically and the global mean
years of schooling (MYS in Table 2) of the total adult population will already by
2050 reach 12 years, which is about the current level in Europe and only somewhat
below that in North America. In other words, under these scenarios the whole world
in 40 years will be as well educated as Europe today and will most likely experience
all the positive consequences that are associated with higher education. Even under
the most likely SSP2 scenario, the global MYS will reach 11.2 years by mid-
century. But SSP3 and SSP4 draw a much more pessimistic picture that is based on
the assumption of a stagnation of the increase in school enrollment. In both
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scenarios, the average education of the world population will even decline slightly
during the second half of the century, following a minor increase in the nearer future
due to momentum. While under SSP3, there is a parallel stagnation for all education
groups, SSP4 shows a polarization. While the overall MYS of these two different
scenarios are quite similar, the full education distributions are very different.

A similar polarization can be illustrated with the example of Pakistan (Fig. 3). While
SSP1 shows that with significant further investments in education over the coming
decades, Pakistan by 2060 could already reach an education structure (at least of the
younger adult population) that is similar to that in Europe today, SSP3 and SSP4 show the
cases of stalled development that are associated not only with much lower education levels
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but also with significantly more rapid population growth. While under SSP1, Pakistan’s
population will only increase from currently 174-217 million by the end of the century,
under SSP3, it will increase by a factor of more than three to an incredible 551 million.
Again, SSP4 shows a somewhat more polarized development than SSP3 with more
uneducated as well as more highly educated although the MYS are quite similar.

Conclusions

The above described new population scenarios by age, sex and level of educational
attainment present a major step forward as compared with the earlier SRES scenarios
that only considered total population size (Nakicenovic et al. 2000). From a social
science perspective, they provide a much richer picture of major social changes as
described along the three key dimensions of age, gender and level of education. These
three key sources of population heterogeneity have been shown to be key determinants
of both the mitigative and adaptive capacity of future societies. For this reason, it is
justified to call the above described scenarios the “Human Core” of the SSPs.

There are many more possible uses of these scenarios in the field of population
and environment analysis that go beyond the specific SSP context. These three
dimensions as explicitly and quantitatively modeled and projected in the above
described scenarios can be directly related to many of the Millennium Develop-
ment Goals and to the main components of the human development index (HDI).
Level of educational attainment by gender as well as health and mortality by age
and for men and women separately (which form two of three components of HDI)
are explicitly included in the set of indicators that shape the above described
scenarios. As a next step, these alternative pathways of population and human
capital will be translated into alternative trajectories of future economic growth in
individual countries. They will also be related to global scenarios on urbanization,
which will be discussed in the following paper.

We hope that this paper could illustrate that the demographic research
community can do much more in terms of contributing to and interacting with
the vibrant environmental change research community. An important prerequisite,
however, is to try to go beyond conventional demography—where the focus is
restricted to population size, age and sex—and apply the powerful demographic
toolbox to other relevant human characteristics such as level of education, place of
residence, household structure, health status, labor force participation and other
important demographic dimensions of sustainable development.
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See Table 4.

@ Springer



Popul Environ (2014) 35:243-260

258

weN WRIA ‘Go onqndsy

UBLIBAT[OE]) B[ONZIUIA ‘UBISIYoqz() ‘Aennin
‘SPUB[S] UISIIA $QJBIS PAIU() ‘Sojeluyg qely pajun
‘Quien|() ‘uejsuaunMn], ‘AayIng, ‘eisiung, ‘o3eqo],
PUE PEPIULL], ‘PUB[IRY], ‘BIUOPIORIN YAAL Swreulng
‘eyue] LS ‘oY ynos ‘arode3ulg ‘eiqrog
‘SQUIPRUAID) A} PUEB JUIDUIA JUIRS ‘BIONT JUIeS
‘UONRIOPI] URISSNY ‘BIUBWIOY ‘UOTUNDY ‘BAOP[OIN JO
orqnday] ‘Ie1e) ‘0ory 0uend ‘niod ‘eweued ‘Uew(
‘engeIedIN ‘BIUOPI[ED) MIN ‘SO[[NUY SPUBLIYION
‘TeWURATA] ‘0000I0JA ‘0I3QUIIUOIN ‘BI[OSUOIA
‘OJIXQIA ‘SnILINBIA ‘Onbruniey ‘BI[eJA ‘SOAIP[BIA
‘e1sAe[eJA ‘eruenyr] ‘eAuryewe[ qery uefqry
‘UouBqaT ‘BIAJET ‘URISZASIAY ‘Iemny] ‘uelsyyezey]
‘eorewre[ ‘(Jo orjqndoy orwre[sy) uel] ‘LIsaUOpU] ‘BIpuf
‘eueAno) ‘wenn ‘odnofopens) ‘epeudlsn) ‘eISI090)
‘eIsauA[od youal] ‘11 ‘xopeares [q 1dASg ‘ropenog
‘orqndoy uesrutwo(q ‘@210 Jo o1qnday s o[doog
‘wo( ‘snad£) ‘eqn) ‘eneoI) ‘eory eIso) ‘eIquojo))
“UV'S OBORIA ‘BUIYD “YV'S SU0Y SuoH ‘BuIy) ‘BUI)
QYD ‘spue[s] [ouury) ‘Op1A ade) ‘erpoquie)
‘elre3[ng ‘wefessnie( ounig ‘[1zelg ‘euemsjog
‘BUIAOSOZIOH pue BIUSOY ‘UBINy( ‘Sniefog ‘sopeqieqg
‘ysope[Sueq ‘urelyeq ‘seweyeq ‘uelieqrozy

‘BqNIy ‘BTUAULY ‘BuUnuaSIy ‘BLAS[Y ‘elueqry

BAIOY] JO O1qnday ‘BDYRAO[S ‘BOLISUIY

JO SOJE1S PAYIU[) ‘WOPSUTY] PoIIl[) ‘PUB[IOZIIMS
‘uopamg ‘uredg ‘BIUAAO[S ‘TeSNIIO] ‘puB[Ood ‘ABMION
‘pue[eaz MAN ‘SpuefIoyieN ‘SinoquioxnT ‘ueder
‘Are)] ‘[ovIS] ‘puelal] ‘puelad] ‘AreSuny ‘009310
‘AuewiIon ‘oouel ‘puequlj ‘BIUOISH “IRWUudq

‘oriqnday] yo9z) ‘epeue)) ‘winiS[og ‘ensny ‘erensny

amqequilz ‘elquieyz
‘USWIO A ‘menueA ‘eruezue], Jo drjqnday poyun
‘epued() ‘e3uog, ‘0307, ‘@IsaT-rowl], ‘ueismyile],
‘o11qndoy] qely UBLIAS ‘pue[izem§ ‘Uepng ‘BI[RWOS
‘SPUB[S] UOWIO[OS ‘QUOYT BLIDIS ‘[BSoUAS ‘BIqRIY
1pnes ‘adIoulld pue awoJ, OBS ‘BOWES ‘BpuBMy
‘sourddiqyq ‘AenSered ‘esurnn maN ended ‘uesryed
‘A10)119 ], uBtUNSI[ed pardnooQ ‘eldSIN I9SIN
‘TedoN ‘erqruueN ‘onbiquiezoly ‘(Jo s9ielS ‘paq)
BISOUOIOTA ‘9NOARIA ‘BIURILINBIA ‘I[BJN ‘TMB[RIA
‘reoseSepey ‘eLaqI ‘oylosa ‘orqndey oneroowsq
s o1dood oe ‘eAuay ‘uepiof ‘beiy ‘sempuoy
‘DIRH ‘nessig-gauins) ‘edurnn ‘e[ewajens) ‘eueyn
‘eIquien) ‘uoqen ‘eueinn) Youdr ‘erdonpyg ‘eonuyg
‘eaurnn [euojenbyg ‘nnoqilq ‘o3uo) ay jo orqndey
J1RIOWR( ‘QIOAT P 910D ‘03U0)) ‘SOIOWO))
‘peyD ‘orqndey UBSLIFY [BIUID) ‘UOOIOWE))
‘puning ‘oseq eunyng ‘(Jo Jel§ [euoneuLIn[d)
BIAT[O ‘UTuag ‘9ZI[og ‘B[OSUY ‘UeISIURYIFY

S1I9UI0

addo g

(6T > ¥AL) sernunod ANnIay Mo

(6T < YAL) semunod ANnIdy YsiH

pringer

As

sSuidnoi3 Anuno) ¢ Iqe],



Popul Environ (2014) 35:243-260 259

References

Abbasi-Shavazi, M. J., Lutz, W., Hosseini-Chavoshi, M., & KC, S. (2008). Education and the World’s
most rapid fertility decline in Iran (Interim Report No. IR-08-010). Laxenburg, Austria:
International Institute for Applied Systems Analysis.

Abel, G. J. (2013). Estimating global migration flow tables using place of birth data. Demographic
Research, 28, 505-546.

Arnell, N., Kram, T., Carter, T., Ebi, K., Edmonds, J., Hallegatte, S., et al. (2011). A framework for a new
generation of socioeconomic scenarios for climate change impact, adaptation, vulnerability and
mitigation research (Scenario Framework Paper). Potsdam Institute for Climate Impact Research.

Barakat, B. F., & Durham, R. E. (2013). Future education trends (Interim report No. IR-13-014).
Laxenburg, Austria: International Institute for Applied Systems Analysis.

Basten, S., Sobotka, T., & Zeman, K. (2013). Future fertility in low fertility countries (VID Working
Paper No. 05/2013). Vienna, Austria: Vienna Institute of Demography.

Caselli, G., Drefahl, S., Luy, M., & Wegner, C. (2013). Future mortality in low-mortality countries (VID
Working Paper No. 06/2013). Vienna, Austria: Vienna Institute of Demography.

Crespo Cuaresma, J. (under review in GEC). Income projections for climate change research: A
framework based on human capital dynamics. Global Environmental Change.

Frankenberg, E., Sikoki, B., Sumantri, C., Suriastini, W., & Thomas, D. (2013). Education, vulnerability,
and resilience after a natural disaster. Ecology and Society, 18(2). doi:10.5751/ES-05377-180216.

Fuchs, R., & Goujon, A. (2013). The Future Fertility of High Fertility Countries: A Model Incorporating
Expert Arguments (Interim Report No. IR-13-013). Laxenburg, Austria: International Institute for
Applied Systems Analysis.

Garbero, A., & Pamuk, E. (2013). The future mortality of high mortality countries: A model incorporating
expert arguments (Interim Report No. IR-13-017). Laxenburg, Austria: International Institute for
Applied Systems Analysis.

Hayami, Y., & Ruttan, V. W. (1971). Agricultural development: An international perspective. Baltimore,
MBD: Johns Hopkins University Press.

Helgeson, J. F., Dietz, S., & Hochrainer-Stigler, S. (2013). Vulnerability to weather disasters: The choice
of coping strategies in Rural Uganda. Ecology and Society, 18(2). doi:10.5751/ES-05390-180202.

Hunter, L. M., & O’Neill, B. C. (2014). Enhancing engagement between the population, environment, and
climate research communities: The shared socio-economic pathway process. Population and
Environment. doi:10.1007/s11111-014-0202-7.

KC, S. (2013). Community vulnerability to floods and landslides in Nepal. Ecology and Society, 18(1).
doi:10.5751/ES-05095-180108.

KC, S., Barakat, B., Goujon, A., Skirbekk, V., Sanderson, W. C., & Lutz, W. (2010). Projection of
populations by level of educational attainment, age, and sex for 120 countries for 2005-2050.
Demographic Research, 22(Article 15), 383—472.

KC, S., & Lentzner, H. (2010). The effect of education on adult mortality and disability: A global
perspective. Vienna Yearbook of Population Research, 8, 201-235.

KC, S., Potancokova, M., Bauer, R., Goujon, A., & Striessnig, E. (2013). Summary of Data, Assumptions
and Methods for New Wittgenstein Centre for Demography and Global Human Capital (WIC)
Population Projections by Age, Sex and Level of Education for 195 Countries to 2100 (Interim
Report No. IR-13-018). Laxenburg, Austria: International Institute for Applied Systems Analysis.

KC, S., & Lutz, W. (2014). The human core of the SSPs: Population scenarios by age, sex and level of
education for all countries to 2100. Global Environmental Change (forthcoming).

Lutz, W. (Ed.). (1994a). Population, development, environment: Understanding their interactions in
mauritius. Berlin: Springer-Verlag.

Lutz, W. (Ed.). (1994b). The Future Population of the World. What can we assume today?. London:
Earthscan.

Lutz, W. (2009). Sola Schola et sanitate: Human capital as the root cause and priority for international
development? Philosophical Transactions of the Royal Society B: Biological Sciences, 364(1532),
3031-3047.

Lutz, W., Butz, W. P., & KC, S. (eds.) (2014). World population and human capital in the 21st century.
Oxford University Press, forthcoming.

Lutz, W., Crespo Cuaresma, J., & Abbasi-Shavazi, M. J. (2010). Demography, education, and democracy:
Global trends and the case of Iran. Population and Development Review, 36(2), 253-281.

@ Springer


http://dx.doi.org/10.5751/ES-05377-180216
http://dx.doi.org/10.5751/ES-05390-180202
http://dx.doi.org/10.1007/s11111-014-0202-7
http://dx.doi.org/10.5751/ES-05095-180108

260 Popul Environ (2014) 35:243-260

Lutz, W., Crespo Cuaresma, J., & Sanderson, W. C. (2008a). The demography of educational attainment
and economic growth. Science, 319(5866), 1047-1048.

Lutz, W., Goujon, A., KC, S., & Sanderson, W. C. (2007). Reconstruction of populations by age, sex and
level of educational attainment for 120 countries for 1970-2000. Vienna Yearbook of Population
Research, 5, 193-235.

Lutz, W., & KC, S. (2011). Global human capital: Integrating education and population. Science,
333(6042), 587-592.

Lutz, W., Prskawetz, A., & Sanderson, W. C. (Eds.). (2002). Population and environment: Methods of
analysis. Supplement to population and development review (Vol. 28). New York, NY: The
Population Council.

Lutz, W., Sanderson, W., & Scherbov, S. (1997). Doubling of world population unlikely. Nature,
387(6635), 803-805.

Lutz, W., Sanderson, W., & Scherbov, S. (2001). The end of world population growth. Nature,
412(6846), 543-545.

Lutz, W., Sanderson, W., & Scherbov, S. (2008b). The coming acceleration of global population ageing.
Nature, 451(7179), 716-719.

Lutz, W., Scherbov, S., Makinwa-Adebusoye, P. K., & Reniers, G. (2004). Population—environment—
development—agriculture interactions in Africa: A case study on Ethiopia. In W. Lutz, W.
C. Sanderson, & S. Scherbov (Eds.), The end of world population growth in the 21st century: New
challenges for human capital formation and sustainable development (pp. 187-225). London. UK:
Earthscan.

Lutz, W., & Skirbekk, V. (2013). How education drives demography and knowledge informs projections
(Interim Report No. IR-13-016). Laxenburg, Austria: International Institute for Applied Systems
Analysis.

Moss, R. H., Edmonds, J. A., Hibbard, K. A., Manning, M. R., Rose, S. K., van Vuuren, D. P., et al.
(2010). The next generation of scenarios for climate change research and assessment. Nature,
463(7282), 747-756.

Nakicenovic, N., Alcamo, J., Grubler, A., Riahi, K., Roehrl, R. A., Rogner, H.-H., et al. (2000). Special
report on emissions scenarios (SRES), a special report of Working Group Il of the intergovern-
mental panel on climate change. Cambridge, UK: Cambridge University Press.

O’Neill, B. C., MacKellar, F. L., & Lutz, W. (2001). Population and climate change. New York:
Cambridge University Press.

Pamuk, E. R., Fuchs, R., & Lutz, W. (2011). Comparing relative effects of education and economic
resources on infant mortality in developing countries. Population and Development Review, 37(4),
637-664.

Sander, N., Abel, G., & Riosmena, F. (2013). The future of international migration: Developing expert-
based assumptions for global population projections (Working Paper No. 07/2013). Vienna: Vienna
Institute of Demography.

Scherbov, S., Lutz, W., & Sanderson, W. C. (2011). The uncertain timing of reaching 8 billion, peak
world population, and other demographic milestones. Population and Development Review, 37(3),
571-578.

Sharma, U., Patwardhan, A., & Patt, A. G. (2013). Education as a Determinant of Response to Cyclone
Warnings: Evidence from Coastal Zones in India. Ecology and Society, 18(2). doi:10.5751/ES-
05439-180218.

Striessnig, E., Lutz, W., & Patt, A. G. (2013). Effects of educational attainment on climate risk
vulnerability. Ecology and Society, 18(1), 16.

United Nations. (2009). World population prospects: The 2008 revision. New York: Department of
Economic and Social Affairs, Population Division.

United Nations. (2011). World population prospects: The 2010 revision. New York: Department of
Economic and Social Affairs, Population Division.

United Nations. (2013). World population prospects: The 2012 revision. New York: Department of
Economic and Social Affairs, Population Division.

van Vuuren, D. P., Edmonds, J. A., Kainuma, M., Riahi, K., & Weyant, J. (2011). A special issue on the
RCPs. Climatic Change, 109(1-2), 1-4.

Wamsler, C., Brink, E., & Rantala, O. (2012). Climate change, adaptation, and formal education: The role
of schooling for increasing societies adaptive capacities in El Salvador and Brazil. Ecology and
Society, 17(2). doi:10.5751/ES-04645-170202.

@ Springer


http://dx.doi.org/10.5751/ES-05439-180218
http://dx.doi.org/10.5751/ES-05439-180218
http://dx.doi.org/10.5751/ES-04645-170202

	Demographic scenarios by age, sex and education corresponding to the SSP narratives
	Abstract
	Introduction
	Adding education to age and sex in population projections and population-environment analysis
	Converting the SSP narratives into population and education scenarios
	SSP 1: Sustainability
	SSP2: Middle of the road
	SSP 3: Fragmentation
	SSP 4: Inequality
	SSP 5: Conventional development

	Selected highlights of the resulting projections
	Conclusions
	Acknowledgments
	Appendix
	References


