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Demography

• Mathematics of Groups of People

• Studies the changing size and composition of human populations

• Populations change through

- Births (Fertility)

- Deaths (Mortality)

- Migration

• In the case of multi-dimensional analysis (more than age and sex 

structure), the models also include transition rates from one state to 
another. 



World Population Estimates,  AD
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The demographic transition

• Universal process of “demographic modernization” with different 
countries currently at different stages of the same process. 

• Hence we see a demographically divided world

• In this process first death rates fall due to better sanitation and 
medical advance – birth rates remain high because they are culturally 
determined.

• This results in high population growth.

• Finally birth rates also fall, leading to low or even negative population 
growth.



Demographic Transition: Finland 1722 - 2017
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Preston 1975
The changing relation between mortality and level of economic 
development. Population Studies 29 (2): pp. 231–24



Education matters more than income when 
it comes to survival and life expectancy



What matters more for health: income or education?
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low edu high edu

poor 50.3 30.4

rich 35.6 18.0
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Education and Health: Austria 2007: Proportion of 
women with strong disability for activities of daily life 
(Daly)
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Fertility by Level of Female Education  
58 DHS countries (multiple time points)



Fertility by Education in Kenya
Empirical (2010) and Assumed



Assuming identical education-specific 
fertility trends, different education 
scenarios make a difference of more than 
1 billion people by 2050.

• CEN gives the world population trend 
according to the most pessimistic scenario 
assuming that no new schools will be built

• FT gives the most optimistic scenario 
assuming that countries can achieve the 
rapid education expansion that South Korea 
achieved



Adding education to age and 
sex in population analysis

Education is the most important source of observable 
population heterogeneity after age and sex. 

This matters because:

• Almost universally during demographic transition more 
educated women have fewer children, have lower child 
mortality, and more educated adults live longer. Changing 
education composition changes population forecasts.

• Education is a crucial determinant of individual 
empowerment and human capital, is a key driver of 
socio-economic development (public health, economic growth, 
quality of institutions and democracy, and adaptive capacity to 
climate change).



Adding education to age and sex:
What is the education effect?

We have good reasons to assume “functional causality” from 
education to health and fertility. Education is not just a proxy 
for SES.

Age, sex, and education have all elements of social construction 
as well as physiological elements:

• Every learning experience builds new synapses in our brains 
and makes us “physiologically different” (Eric Kandel)

• Enhancement of cognitive skills 
• change risky behavior

• extend personal planning horizon

• learn from past damage

• Better access to relevant information

• Improvement of health and physical well-being
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The Demographic Multi-Sate Model: Principles of 

Population Dynamics by Age, Sex, and Education
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Population Dynamics by Age, Sex and 
Level of Education

• Inter-generational equity versus intra-
generational equity. 

• Does the future well-being depend on 
current inequality?

• At the core of IIASA’s equity and 
poverty theme.

• The demographic foundations of 
social and economic change



Focus on persistent individual characteristics over life course.

Societies change through the 
• changing composition of the population (new generations replacing the 
older ones) – Ryder: cohort effect

(changes of all people as they become older – age effect)
• external changes affecting all cohorts at the same time 

– period effect, difficult to predict (X-events, slow changes)

Population-based Sustainability Science: For studying intergenerational 
tradeoffs this concept provides an analytical handle through focus on stable 
characteristics.

Demographic Metabolism:

A predictive theory of socio-economic change



Singapore 1985: A society divided into two classes:
* Modern highly educated and wealthy young
* Uneducated and poor elderly
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Population of Nigeria by level of education

Population

57 Million

Population

158 Million

Source: Wittgenstein Centre Data explorer (2015)

1970 2010



Population Scenarios of Nigeria by level of education

Population 369 Million Population 529 Million

Source: Wittgenstein Centre Data explorer (2015)

2060 Rapid Development –SSP1 2060 Stalled Development – SSP3





Implementing SDG3 
and SDG4 leads to 
significantly lower 
world population 
growth than in the 
case of the medium 
scenario



India: Alternative Population and Human Capital 

Scenarios
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Migration: 
Does Europe need migrants for demographic 
reasons?
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The push-pull framework is a behavioural 
model





Does Europe need migrants for demographic reasons ?
Total labour force in EU26 countries, 2003-2053, by scenario, 
considering education (solid lines) or not (dotted lines), medium 
migration
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Labour force participation – a powerful answer to 
population ageing

• By far, the most effective 
response to population ageing is 
to increase labour force 
participation. 

• CEPAM’s ‘Equalisation’ and 
‘Swedish’ scenarios reflect how 
changes in labour force 
participation can dramatically 
improve the EU’s ageing-related 
concerns, specifically dependency 
ratios.

• Swedish scenario is in keeping 
with the new emerging concept 
of ageing – being 65+ can still 
involve active and productive 
years of life.





2015: Sustainable Development Goal 4:

…. quality primary and secondary education 
for all girls and boys …. .

(all IIASA)





Special Issue in Ecology & Society :

Education and Differential Vulnerability to 
Natural Disasters

Pre-disaster Disaster 
event

Education and Disaster Vulnerability

Post-
disaster
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