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Introduction

UC Berkeley demographer Ronald Lee defines demography as “the study of 

the causes and consequences of demographic rates and structures, where

demography rates are fertility, mortality, nuptiality and migration, and structures

include size and distribution by age, sex, race-ethnicity, and geographic location”1. 

Humans are influenced by, and can also influence, what Arup’s Foresight +

Innovation + Incubation group has dubbed the “Drivers of Change”2. Previous Arup

Journal articles3-5 have examined energy, climate change, and water, and shown

how complex and interconnected these drivers are. 

The same is true for demographics, as demographic change often results 

from a combination of interlinked economic, political, social, technological, and

environmental factors. The nature of the linkages is sometimes difficult to unravel;

easier to discern is the fact that evolving population patterns will affect change in

the global environment, and that, in turn, changes in economic and political

systems will influence population dynamics. While forecasts of future populations

may be filled with degrees of uncertainty, it becomes no less important to try to

understand demographic projections and their potential impact on human society,

as well as on organizations like Arup.

Population growth without proper management, and fuelled by a perceived need

for economic growth, is extremely problematic for our planet because it drives

resource consumption. Since 1985 we have surpassed the Earth’s capacity6 and 

at present humanity’s ecological footprint is 23% greater (Fig 2) than its estimated

sustainable level6. Evidence of the pressure we are putting on the Earth can be

found everywhere. The UN has predicted7 that as many as 50M people could be

considered environmental refugees as soon as 2010 due to deforestation, rising

sea-levels, expanding deserts, and catastrophic weather events (Fig 3). 

Many environmental disasters are concentrated in developing regions of the

world where their systems are more acutely vulnerable to the effects of climate

devastation than neighbours in developed regions. Environment-related migration

has been most acute in sub-Saharan Africa, but also affects millions of people in

Asia and India. The Red Cross has stated7 that environmental disasters already

displace more people than war, and they show no signs of slowing down.
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What will the populations of the
future look like? Is it even
possible to predict? Though
uncertainty is inherent in future
population projections, this
makes them no less important to
try and understand.

2. Humanity’s ecological footprint6.
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World population projections

Before we discuss population growth, the way population projections are made

must be considered. Generally the population of a geographic area is established

through three fundamental variables interacting: fertility, mortality, and migration. 

To project the future size of a population, demographers make assumptions

about levels of fertility and mortality, and estimations of how many people will move

in and out of an area during the projection period. The net increase or decrease

over that period (numbers of births and in-migrants minus the numbers of deaths

and out-migrants) is added to the baseline population to project future population

size. Demographers often prefer not to make projections more than a few decades

into the future, when most of the population will be “unborn”, but global change

researchers are increasingly asking for longer-term projections. Their interest is

generated by concern about the potential impact of demographic drivers, including

ageing populations, which affect social and economic security systems worldwide. 

There is also concern about the effects of reduced fertility and declining

populations on economic growth in developed regions, and the implications of

demographic trends on the long-term wellbeing of the environment. Global

projections have generally been the work of only a few institutions, such as the

United Nations, the World Bank, the US Census Bureau, and the International

Institute for Applied Systems Analysis9. While forecasts of future population

dynamics are uncertain, this does not make population projections any less

important, and newer methodologies are being developed to improve accuracy and

make their results easier to understand by a wider audience.

Population growth: two realities

According to UN forecasts10, world population is expected to stabilize at about 9bn

by 2050. Currently India is home to 17% of the population and in three decades’

time, on current projection trends, it is expected to surpass China as the world’s

most populous nation*. By 2050 Asian countries will head the top 10 in terms of

projected population growth, with the USA the only Western country remaining in

the top 10. According to the US Census Bureau, it will acquire 80% of its additional

population from developing regions’ immigrants. Africa’s share of world population

will increase, but Europe’s will shrink from 20% to about 7% by the next century.

Almost all the increase will be in less-developed countries, and here a

disproportionate share of the increase will be among the poorest poor and in urban

areas often lacking the infrastructure to support the population growth. 

Urbanization 

While the topic of urbanization per se as a driver of change will be addressed in a

future Arup Journal, the trend of urban migration should also be discussed within

the present context. Over the next three decades the population of urban areas in

less-developed regions is expected to increase and even double in size - from 2bn

to 4bn by 203012 (Fig 4). In 1950 one-third of the world’s population lived in cities;

it is projected that 100 years later nearly two-thirds (6bn) will inhabit urban areas.

China is seeing a great movement of its population from the rural interior to cities

in the east. In 1950 the urban population represented less than 13% of the total – 

it is now about 40% and it is expected to reach 60% by 203013. It remains to be

seen whether China will successfully manage moving 300M farmers from the

countryside to urban areas in just 20 years. If current tensions between the farmers

and the state are any indication, it is going to be a slow and tortuous transition.

Other countries facing similar patterns of transition should take note.

Most of the world’s population growth is in the

urban areas of the less-developed regions where

85% of the total world population lives. In sub-

Saharan Africa the population is increasing by more

than 5% per year14. Much of the urban growth is

mirrored by the expansion of informal settlements**,

characterized by insecure tenure, inadequate

housing, and lack of access to water or sanitation.

UN-HABITAT figures for 200415 show that a quarter

of the world’s urban population does not have

adequate housing. 

If the expected population growth continues in

the years to come, there is little doubt how the

situation will develop in relation to these informal

settlements, with capacity constraints becoming

increasingly severe in areas that already lack proper

access to water and sanitation. To what extent will

Arup’s future business be involved with the

development of these challenged areas?

As the population of the world rises and global

consumption rates soar, with energy supplies

rapidly disappearing and climate change eradicating

valuable farmland, the conclusion is inescapable

that the stage is becoming set for worldwide

struggles over resources. Everyone needs water,

food, and energy to survive, and with constraints in

all three of these areas, the challenges could hardly

be more serious.

*According to the US Census Bureau’s IDB population pyramid projections11 for 2025, China has an
ageing profile, whereas India’s population pyramid remains relatively youthful.
**Where already 900M people live.
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3. Lives lost to, and numbers of, natural disasters8.

4. Total, urban, and estimated slum population14.
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Demographic transition theory

In the past two centuries, societies in developed countries

are believed10 to have undergone demographic transition

- a shift from small, slowly growing populations with high

mortality and high fertility, to larger, slowly growing

populations with low mortality and low fertility. During

demographic transition, population growth accelerates

because a general decline in deathrate precedes that of

birthrate, creating a sudden, but temporary, surplus of

births over deaths. Data from all over the world support

the relevance of demographic transition to today’s less-

developed countries. The transition is assumed to be

advanced in all less-developed countries except sub-

Saharan Africa, where fertility decline is just beginning

to become apparent. Fertility is well below the

replacement level of 2.1 in several less-developed

countries such as China, Taiwan, and South Korea,

and in countries in Latin America and south-east Asia

fertility levels have fallen to those in developed

countries just a few decades earlier16.

The biggest difference between the transition in

developed and less-developed countries has been the

rates of mortality and fertility decline. In some OECD

countries, mortality fell slowly for two centuries as food

supplies stabilized and housing, sanitation, and

healthcare improved. In many less-developed

countries, mortality fell over just a few

decades after World War 2 as medical, public

health, and technological advances spread

more quickly. Populations in less-developed

countries are also growing more quickly than

they did in developed countries at a similar stage

of the demographic transition, although eventually their fertility levels are

expected to decline to near replacement levels. The total fertility rate of the less-

developed countries is twice as high as that of the developed countries, but

nonetheless it is falling - between 1985 and 1998 TFRs (total fertility rates) in the

less-developed countries dropped almost 40%, from 4.7 to 3.2.

Decline in total fertility rates

The gradual TFR decline has caused much concern and speculation among policy-

makers in developed countries, which have both lower birth rates and extended life

expectancy amongst their older populations. This has led to the development of

policies to attempt to reverse the decline. In countries like Germany, which is

experiencing some of the lowest fertility levels in the EU, governments have tried

financial incentives to persuade women to have more children, but there is doubt as

to whether such methods are the most effective means to reverse the decline.

German Chancellor Angela Merkel's coalition government has gone so far as to

promise to push Germany's dwindling birth rate to the top of the political agenda. 

A new form of state-funded child welfare support has been introduced by the

Federal Minister for Family Affairs, whereby either the mother or father is entitled to

67% of previous income while staying at home, up to a maximum of u1800/month

for 10 months. In Poland, parliament has passed legislation to pay women for each

new child that they have. Under this plan each woman receives a one-off payment

of 258 per child. Until recently Spain had strong public opposition to any form of

government policy aimed at increasing fertility, as family planning was considered a

private matter, but in 2003 the government introduced a national family policy.

Norway has been more successful, managing a near-replacement level of fertility,

partly because paid maternity leave is guaranteed

by the National Insurance Act and dates back to

1956. The leave is financed through taxes so

employers don’t lose out financially when parents

take leave. However, while European governments

continue to tackle low birthrates with policies

designed to balance work life with family life, no-one

is quite certain about the consequences and

implications for the developed world of its declining

birth rate combined with ageing population17.

Why is fertility declining?

Early attempts to explain demographic transition

pointed to industrialization and urbanization as

the main drivers of change9. Economic

modernization would lead to improvements in

health and nutrition that decrease mortality,

as well as drive changes in economic and

social conditions that would make children

costlier to raise, and thus reduce the size of

families, eventually leading to lower fertility. The idea

that reduced demand for children drives fertility

decline gained popularity in the

1960s when the economist Gary

Becker and others posited a

microeconomic model9 that

described the choices parents

are assumed to make between

number of children and

consumption of material goods. 

The model assumed that fertility falls

because, as economic development

proceeds, parents’ preferences shift to higher

quality expectations for themselves and their

children, requiring greater investments in education

and health. Alongside this, women’s increased

participation in the labour force and in wage-earning

increases the opportunity costs of raising children.

At the same time, development leads to a decline in

some of the economic benefits parents used to

derive from having children, such as household

labour, income, and old-age security.

In the 1970s, the economist Richard Easterlin9

added economic development to the environmental

and cultural factors that might affect “natural”

fertility (fertility in the absence of regulation) and to

the costs (including psychological and social as well

as monetary) of fertility regulation. Economic

development might influence a woman’s ability to

bear children. In the 1980s, researchers continued

to try to identify which social and economic factors

were the most important causes of fertility change.

Some explanations gave more weight to

sociological than economic factors, while others

argued for economics, stating that as children in

post-transition societies displace parents as the

main family beneficiaries, fertility falls. 

5.
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While there is no precise consensus, clearly the fertility decline is caused by both

economic and social changes, and by the spread of new ideas and cultural

attitudes towards both birth control and children. Even some religious groups have

changed their attitudes towards contraception. Acceptance of contraception by

Christians only developed at the start of the 20th century, and some, notably

Roman Catholics, continue to support only ”natural” forms of birth control18.

Demographers Susan Watkins and John Bongaarts have shown9 that the

diffusion of ideas and information about limiting fertility has had significant social

impact. They demonstrated that fertility transitions typically start in leader countries

where development levels are high and then spread to other countries in the region

that have not yet reached the same level of development. Father and son Laurie

and Matthew Taylor go even further and attribute16 the demographic shift and

decline to a dramatic change in our views of the value of children. They propose a

growth in popularity of individualism and independence as traits in developed

economies, and go on to suggest that the modern values of autonomy, freedom,

and individualism are at odds with the sense of self-sacrifice that modern couples

perceive to accompany child-rearing. 

While some higher-income countries like New Zealand and the US continue to

see replacement levels of fertility, their rates are almost entirely due to the

respective Maori and Hispanic immigrant and minority communities. Even these

rates show some signs of levelling off16, indicating that fertility rates of immigrant

and minority groups tend over time to match the average of the host country. Some

may believe that a general ageing of the population will mean rising populations in

most developed countries for several years to come. But what happens when an

ageing population is matched with declining fertility levels, as in Japan? At current

reproduction rates, Japan will soon be losing 500 000 inhabitants per year until

2050, when one in three Japanese will be 60. Recently Japan became the first

country in history to have more 70-year-olds than 10-year-olds, and it is not alone

in the ageing crisis. Given the current fertility rates in developed countries, and the

expected decline of total fertility rates in less-developed countries, many - aside

from India and the US - can expect to see a general greying of their populations. 

It is, however, important to note that fertility remains one of the most difficult rates

for demographers to predict, as they cannot anticipate the shifting desires of

women in low-fertility societies. Despite many plausible explanations, so far there

has not been a theory that can predict female behaviour in low-fertility societies.

Ageing populations

Population ageing results from reduced total fertility rates and/or an increase in life

expectancy. This is characterized by increases in the proportion of oldest people

and in the average and median ages, as we are seeing in developed countries. 

The elderly population is growing considerably faster than the world’s total

population - the number of older persons has tripled over the last half-century and

will more than triple again in the next. Projections by the UN20 show that by 2030

at least half the Western population will be over 50, with a life expectancy for 50-

year-olds of a further 40 years, and that by 2050 the share of 65+ in the EU will

hover at around 28% (Fig 6).*

Although the ageing phenomenon now particularly affects developed countries, 

it will also become a major concern for developing countries in the second half of

the 21st century. By 2040, assuming current demographic trends, there will be

397M Chinese elders (60+) - more than the total current population of France,

Germany, Italy, Japan, and the UK combined. In 2004, China’s elderly made up just

11% of its population, but by 2040 the UN projects21 that they will increase to

28%, a larger proportion than it projects for the US. Though Indonesia and Mexico,

for example, will continue to have more youthful profiles in 2025 than the US of

2003, countries like Turkey and Brazil will be roughly as grey as the US of today,

but not as grey as today’s Japan or Western

Europe. Even Africa will be affected, and in a

continent already facing shortages of resources and

medical staff, the increased pressure of a larger

elderly population will quickly make itself felt.

What will this mean for the workplace? 

Three-quarters of 1400 global companies

questioned by Deloitte in 200522 expected a

shortage of salaried staff over the next three to five

years (Fig 7). Japan anticipates its workforce

shrinking by 16% (some 10M people) over the next

25 years. As a result of the expected boom in the

ageing workforce, corporate pension schemes and

health benefits are getting less and less generous.

General Motors has revised its healthcare plan and

will cap healthcare spending by its retired workers,

and this is unlikely to be the last cut. 

Old age dependency ratios will rise in every

major world region during the next 25 years due to

ageing populations. The world as a whole will face

an elderly support burden nearly 50% larger in 2025

than it did in 1998 (Fig 8). In the US and other

developed countries, elderly dependents will

outnumber dependents under the age of 15 over

the next 25 years. The total dependency ratio is

projected to rise sharply over the next 50 years, 

* In the UK, the old age dependency ratio - the number of older people aged over 65 who depend on those of working age between 16-64 - increased from around 20% in the
1960s to around 27% in 2003, and is projected to rise to around 47% by 2051.
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6. Increase in age 60 and over by region20.

7. Changes in working age populations23.
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due to the combined factors of low fertility rates and

ageing populations.

Both companies and individuals will need to 

re-evaluate perceptions of ageing and expectations

of an ageing workforce. Because we know there 

will not be enough young people coming into the

workforce, older workers will become more

essential to employers. Flexibility on the part of

employers will become increasingly important as

baby boomers opt to swing between work and

leisure modes. Merrill Lynch believes25 that baby-

boomers will reinvent retirement, cycling between

periods of leisure and work well beyond the age of

65. Migration will also become increasingly essential

for developed countries that lack the replacement

levels of fertility to expand or maintain their labour

forces, and for developing countries that see their

skilled labour head to developed countries for better

economic opportunities.

Migration: why and where are people moving?

Migration has hit record levels, rising from an estimated 75M in 1960 to 175M in

2000. Migrants make up 3% of the world population, 30M more than 10 years ago.

In developed countries one in 10 people is a migrant; in developing countries one in

70. Between 1960 and 2000 the number of international migrants in Australia,

Japan, New Zealand, Europe, North America, and the successor states of the

former Soviet Union increased by 78M, while the number in less-developed regions

rose by 27M. Given that 2.8bn people live on less than US$2 a day, and 1.3bn

have no access to clean water, it is easy to see why people are driven to move. 

Migrants often travel for better work opportunities. In China they head from the

countryside to urban centres for employment but generally get menial jobs, miss

out on subsidized health care, and are often denied access to oversubscribed

urban schools. The push factors for migration include a shortage of land,

unemployment, famine, natural disasters, a lack of education, and overall poverty. 

International migration is expected to continue to increase, with resource wars,

environmental disasters, and food emergencies likely to make the push even

stronger. On the receiving end, many developed countries will only experience

population growth or population stability because of incoming waves of migration.

60% of the world’s migrants reside in developed regions and 40% in the less-

developed regions (Fig 9). The US is a perfect example of this scenario; currently it

absorbs most of the world’s international migrants; the propensity of Mexicans to

migrate to US jobs more than doubled between 1990 and 2002. By 2050 the US is

expected to be the only Western country among the top 10 for projected

population growth, and according to the US Census Bureau, it will acquire 80% of

its additional population from developing regions’ immigrants. By 2016 minorities

will make up one-third of the US population. Now one in seven, Hispanics will be

one in four by 2016. Almost half (46%) of US population growth in the next decade

will come from three states: California, Texas, and Florida, which will overtake New

York as the third largest in the country.

Challenges to migration

This raises the question of whether migration alone can fix declining fertility and

labour gaps. Italy would need to increase its current immigration numbers from 

80 000 a year to 400 000 a year. In fact, to maintain present population levels, 

Italy would have to absorb at least 2M immigrants every five years indefinitely into

the future. A similar scenario is playing out in Germany. By 2020 the country will

have to import 1M immigrants of working age each year to maintain its workforce. 

But what happens when these immigrants grow old? Is it not just delaying the

inevitable? Governments would need to continue to import immigrants indefinitely

into the future to maintain a consistent labour force to support its ageing

populations and to keep its dependency ratio levels down.

Then there are the political and racial tensions around any large recruitment of

external communities. Immigration is a hotly debated issue across the globe.

Americans increasingly express concern, a growing number believing that

immigrants are a burden to the country, taking jobs and housing and creating

strains on the healthcare system (Fig 10). And the US is not alone in its debate.

Certain parties across Europe are using the fertility deficit as a defence against any

increase in immigration. In a 2000 regional election in North Rhine-Westphalia,

Germany’s most populous state, conservative contender Jürgen Rüttgers

campaigned under the slogan “Kinder statt Inder” (“children instead of Indians”) in

response to the proposed 2000 plan of granting 20 000 time-limited residence and

work permits to computer specialists from non-European countries - which among

others included India. Austria’s right-wing populist leader Jörg Haider has also

played upon his country’s fears that the eastward expansion of the EU will result in

lost jobs. Given the presence of strong anti-foreign sentiment among European

right-wing groups, any large increases in immigration seem rife with controversy. 
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8. Proportion of people aged 60 and over, 1950-205024.

10. Views on the “best ways” to remove illegal immigrants to
the USA from Mexico26.
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Social

Fertility will continue to decline even in

countries which have had TFRs twice the

norm of countries that have already gone

through the demographic transition.

However it remains difficult to predict

TFRs in low-fertility countries. In dual

household incomes the challenge to

maintain balance between the public and

the private spheres (work life vs family life)

has to some extent led to the

downscaling, or devaluation, of families.

Governments have tried to put policies in

place in developed economies to

encourage fertility, but these have met

with mixed success, indicating that

policies alone cannot reverse the low-

fertility trend. Companies that want to

draw on the female labour pool may also

have to look at their own policies to

determine whether they are inadvertently

creating roadblocks.

Technological

Advances in biomedical research are

extending and enhancing human life, but

they carry ethical and moral dilemmas,

and it remains to be seen whether these 

applications of science and technology

will be lauded or demonized for their

superhuman promises. And to what

extent is this simply a dilemma for the

developed economies? Will access to

technology lead to a steeper wealth gap

manifested in those who can afford bio-

enhancements versus those who cannot?

Economic

An ageing population will have economic

consequences on societies with high

dependency ratios, ie more retired than

working-age citizens. In Europe, where

one in five will be more than 65 years old

within a couple of decades, it is

anticipated that the absolute level of

savings will drop across most of the

continent. What is being done to address

a situation in which growing numbers of

potential beneficiaries of health and

pension funds (mainly those 65 and over)

are being supported by dwindling

numbers of potential contributors? 

Unless the economic impact of this social

reality is tackled, a decline in economic

growth and living standards will follow.

Retirement policies and pension plans are

one area where companies can have an

impact. One study19 on behavioural

economics shows that savings increase

dramatically when a company

automatically enrolls its employees in a

voluntary savings plan. Now translate this

issue to economically depressed areas

like sub-Saharan Africa and we have a

serious challenge on our hands. By 2020

there will be 1bn (1000M) elderly, and

70% of them in developing countries27.

How can developed economies assist?

Environmental

Desertification, rising sea levels, and

extreme weather events are

manifestations of climate change. The

anthropogenic effects of our human

activities on the environment cannot be

overstressed4. Both the Living Planet

Index6 (the measure of overall trends in

populations of wild species around the

world), and the Ecological Footprint6

(the measure of our resource use versus

resource availability), confirm that our

consumption patterns are not sustainable

as far as the environment is concerned.

When will our need for growth be

surpassed by our need to preserve

irreplaceable ecosystems? Humanity is

having a harmful effect on the planet,

which in turn is reacting and putting

populations at risk. And while no one is

safe from the devastation of climate

change, people in developing economies

are certainly more at risk, and we should

see the environment-related migration

patterns in Africa and Asia as proof of its

life-changing consequences. Can we put

measures and operational standards in

place to try to ensure that our structures,

and more generally our activities, are not

contributing to environmental damage?

Political

Some experts have related patterns of

severity of the AIDS epidemic to regional

poverty, and it is not difficult to see the

relationship. Poverty pushes many men to

become migrant workers; this disrupts

family patterns, with the consequence of

the men having multiple sex partners.

Poverty also leads many women to

become commercial sex workers,

dramatically increasing their risk of

infection. Cultural norms in these regions

also usually make contraceptive decision-

making a male prerogative, further putting

women at risk. And health systems are

not well-equipped for prevention,

diagnosis and treatment. HIV/AIDS is

having severe social and economic

consequences for Africa, decimating its

skilled workforce and leaving both a

labour gap and an orphaned population

that will have serious consequences for

the imminent future. And Africa is not

alone. In the decades ahead, the focus of

global HIV/AIDS is expected to shift to

Eurasia, which is home to most of the

world’s population; five out of every eight

people on the planet live there. 

Global migration patterns hit unprecedented record levels in 2000 and show no

signs of letting up. People will go to great lengths to migrate for better economic

opportunities publicized in their media; walls are no substitute for equality. How we

choose to respond to migration flows is as much about policy as it is about the

infrastructure that we put into place to navigate those interactions.

However, contrary to some of these immigration fears, a report by the Pew

Hispanic Center26 found that rapid growth in the foreign-born population at the US

state level is not associated with negative effects on the employment of native-born

workers. The report found that between 1990 and 2000 the top 10 states for

foreign-born populations showed significant variation in employment outcomes for

native-born workers. In five states native workers had employment outcomes that

were better than average, whereas in the other five states they were worse than

average. Subsequently this pattern remained consistent to 2004. Interestingly,

assessments also showed that the size of the foreign-born population is unrelated

to the employment prospects for native-born workers. 

And what happens when former immigration pools decide to stay home because

of better opportunities? Regions like Silicon Valley in the US used to recruit up to

25% of its talent pool from abroad, but it is currently facing recruitment challenges

as graduates from universities like the Indian Institute of Technology decide to stay

home because of greater opportunities and job security. Talented US graduates are

expected to head overseas as well, because the job opportunities for business and

information technology graduates are so plentiful. In this scenario competition for

highly skilled talent is likely to become fierce.

Conclusion

Ultimately, what we decide to do as individuals, and

the way leading companies like Arup respond to the

challenges of demographic change, are influenced

by what we observe happening around us. Beyond

our local spheres, articles like this and the new

Demographics card set28 in the “Drivers of Change”

series are attempts to raise just some of the issues

that need to be considered in our work. Everything

that is built influences the lives within, and the

communities and wider environment around.

Greater awareness of demographics will almost

certainly affect to what extent a built environment

can be made sustainable for all communities. 

What can we expect of future populations?

Because population projections of the future are based on assumptions drawn from

past trends and current theories, they are quite uncertain and historically biased.

Nonetheless, despite the uncertainty associated with any form of projection, it is still

important for us to try and derive forecasts of future population dynamic if we want

to influence its outcomes. Frameworks like the STEEP model can allow for a closer

examination of some of the key issues and potential implications:
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