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The views expressed in this report are those of the author and do not necessarily reflect those of 

the faculty, staff, or administration of the London School of Economics and Political Science. 

The report was commissioned by Population Matters on the basis of assumptions which reflect 

the widely-held view that the next forty years will be broadly similar, economically, socially and 

environmentally, to the last forty.  Population Matters themselves, however, do not share this 

conventional view. 

 

Executive Summary  

Population Matters (PM) is a UK charity and think-tank that studies how population impacts on 

society and the environment.  One of its core beliefs is that in order for humanity to live 

sustainably with its environment, the long-run population of the UK needs to be considerably 

lower than it is today.  One concern with this goal is that in the near future the UK may need 

more young people, not fewer, to help support an ageing population.   

Currently, the population of the UK is approximately 62 million and is projected by the Office of 

National Statistics to increase to more than 76 million in 2050 (ONS, 2010d).  This report 

examines the effects of many different population trajectories on society.  For example, what 

would happen if the population were to be 60 million in 2050, instead of 76 million?  To 

accomplish this analysis, a computer model has been created that shows the age-profile of the 

population for each year from 2010 to 2050.  The model also estimates economic growth, as well 

as the cost of health care, pensions, and education.   

The results of the model show that only the lowest population trajectories considered ï 

populations of 50 million and below in 2050 ï seem to be unfeasible because of sharply rising 

pension and health- care costs that would place an almost impossible burden on society.  For 

scenarios with populations greater than 50 million in 2050, which includes all of the most-likely 

ones, pension costs do not rise very much as a percentage of GDP.  This happens primarily 

because the UK government has already planned increases to the state pension age to compensate 

for an ageing population.  Health costs as a percentage of GDP do rise under all scenarios because 

an increasing proportion of the population is elderly, but health costs only become unmanageable 

in scenarios with populations of less than 50 million in 2050.  Education costs are lower between 

now and 2050 in all scenarios. 

The two policy levers that affect population growth are fertility and net migration, and it turns out 

that what makes reducing the population by 2050 unrealistic is not rising pension and health 

costs, but the large drop in fertility that is required.  With recent levels of immigration continuing, 

todayôs total fertility rate of 1.89 children per woman would need to drop to 1.13 children per 

woman to have a population of 65 million in 2050, which is still bigger than today (ONS, 2010d).  

To help understand what these fertility rates mean, consider that Italy has one of the lowest 

fertility rates in world, and even that is 1.24 (OECD, 2004).  In addition, if the same proportion of 

UK couples that currently has zero, one, or two children continued to do so, and the proportion 

that currently has three or more children only had two children, then the total fertility rate would 

be about 1.44 (ONS, 2010d).  It seems unlikely that the UK would have a fertility rate in the near 

future low enough to achieve a smaller population by 2050.   

Immigration also plays an important role in determining the size of the UK population.  Net 

migration is the difference between the number of people who move into the UK and number of 
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people who move out of the UK each year.  Currently, net migration is averaging about 180,000 

persons per year into the UK (ONS, 2010d).  Yet, even if net migration suddenly fell to zero, a 

fertility rate of 1.5 would be required to reach a population of 60 million in 2050.  This 

population is only slightly lower than that of today even though the drop in the fertility rate, 0.34, 

is relatively large.  The model also suggests that limiting immigration by too much may harm 

economic growth and increase the cost burdens of pensions and health care.  Overall, lowering 

the population by 2050 would demand large decreases in the total fertility rate, which are unlikely 

to occur. 

Despite all this, progress can still be made towards a sustainable population. The total fertility 

rate could probably be decreased by a small amount by improved education about the benefits of 

smaller families.  Net migration may be reduced from its current historically high levels without 

harming economic growth.  If both of these were to happen then it may be possible to have a 

population in 2050 in the range of 65 to 70 million.  This is still larger than today, but it is lower 

than the current population projection for 2050 of over 76 million (ONS, 2010d).  Finally, 40 

years may not be enough time to decrease the population.  Over a longer time period, small 

changes made to fertility and net migration today will have a larger impact and may ultimately 

lower the population towards a more sustainable level.
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1 Introduction  

This chapter introduces the key research question: can the UK achieve a lower, more sustainable 

population by 2050?  It also gives some information about the organisation behind the report, 

Population Matters, as well as explaining the basic outline of the report and how the research 

question is answered. 

Population Matters (PM) is a UK charity and think-tank focusing on how population affects 

ñclimate change, energy, resources, biodiversity, development impacts, ageing and employment, 

and other environmental and economic issuesò (OPT, 2010).  One of its key beliefs is that in 

order for humanity to live sustainably with its environment, in the long-run the population of the 

world, and more specifically the UK, needs to be considerably lower than it is today.  In order to 

achieve this lower population, birth rates need to decrease from todayôs levels.  One concern with 

this goal is that in the near future the UK may need more young people, not fewer, to help support 

an ageing population.  The question becomes, given the UKôs current demographics, is it feasible 

to achieve a lower population by 2050? 

Presently, the population of the UK is approximately 62 million and is projected by the Office of 

National Statistics to increase to more than 76 million in 2050 (ONS, 2010d).  This report will 

examine the effects of many different population trajectories on society.  For example, what 

would happen if the population were to be 60 million in 2050 instead of 76 million?  To 

investigate the answer to this question, several key areas will be examined:  the cost of health 

care, pensions, and education, as well as key demographic figures and the size of the economy.  

Combining information from each of these topics will give an idea of whether different 

population trajectories are feasible and desirable. 

To accomplish this analysis, a computer model has been created that shows population 

characteristics, such as the number of people by age and sex, for each year from 2010 to 2050.  

The model also estimates the cost of health care, pensions, and education, as well as economic 

growth. To do this, assumptions need to be made about fertility, life expectancy, and 

immigration.  Varying these initial assumptions leads to different future populations, and the 

costs and age structures can then be compared to determine their viability. 

The rest of this report will be organized as follows.  The next chapter will give some background 

information on ageing, demographics, and population.  Chapter 3 will discuss the methodology 

chosen for this report.  The results from the model will be presented in Chapter 4.  Chapter 5 is 

the conclusion.   A glossary of acronyms and terms that may be unfamiliar is contained in 

Chapter 6. 
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2 Background  

This chapter explains some key background information about population ageing in the UK.  It 

explains how changing fertility rates over the last 50 years have led to the current demographic 

situation.  It begins to outline some of the key areas of society affected by ageingðincluding 

pensions, health care, and educationðand ends with an international comparison with Germany 

and Italy.   

This chapter has several objectives.  First, it will outline key terms used in the study of 

demographics and population.  Secondly, it will describe the UK's current demographic situation 

and explain how it happened.  Thirdly, it will describe some of the major parts of society that will 

feel the effects of an ageing population.  Finally, there will be information about countries that are 

in a similar situation to the UK. 

2.1 Key Terms 

Dependency Ratios 

In general a dependency ratio is the population of dependants (usually the young and old) divided 

by the working-age population.  More specifically there is the youth dependency ratio, which can 

have different specific ages, but is often the ratio of those under 16 to those aged 16 to 65.  There 

is also the old-age dependency ratio, which means those over the state pension age divided by 

those of working age.  The denominator is always those of working age, but this can have 

different specific ages.   

Dependency ratios can be used to consider if there will be enough people in the labour force to 

produce the goods and services required by the entire population.  It must be used with caution 

because ages when people start work or retire vary greatly and depend to a large extent on 

individual factors.  Not even everyone of prime working age will be engaged in the labour force.  

For example, females participate in the labour force at lower rates than males in order to look 

after children (ONS, 2010a).  Finally, the linkages between demographic change and the size of 

the labour force are not completely understood and in the past many economic factors have 

outweighed demographic ones (Tapinos, 2000).  Given all that, predicted dependency ratios in 

future populations can be compared to current and past ratios to help determine how feasible 

different population profiles would be. 

Population Pyramids 

Population pyramids are a useful way of visualising the age and sex distribution of a population.  

Age groups are on the vertical axis, while the number of people in each age group is on the 

horizontal axis.  The graphs are called pyramids because traditionally populations have had lots 

of children, fewer people in middle age, and very few people at old age.  This was caused by 

higher rates of mortality at all ages.  However, in many developed countries this is no longer the 

case and the pyramids are becoming more rectangular because most people live to old age and 

then die, and people are choosing to have smaller families.  In some extreme cases the pyramids 

can even be turned upside down, with large numbers of older people and fewer numbers of 

younger people. 

Fertility  
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The population fertility rate means the number of live births per year per 1,000 women.  This can 

also be quoted for a specific age, such as the fertility rate of 25 year olds.  To make fertility more 

meaningful, the total fertility rate is often used, which is the number of children that the average
1
 

woman will have over her lifetime.  This is calculated by taking age-specific fertility rates for a 

given year and finding the number of children a hypothetical woman would have if she followed 

those age-specific fertility rates throughout her life. 

Mortality  

The mortality rate is the number of deaths per 100,000 persons.  It is generally age and sex 

specific, as in the mortality rate for 57 year-old males.  To make mortality rates more meaningful, 

they are often converted into life expectancy, which is the average number of years a person will 

live from a certain age, according to todayôs age-specific mortality rates.  Life expectancy at birth 

is the most commonly used life expectancy, but it can be calculated for any age, such as the life 

expectancy for 57 year-old males. 

Migration  

When population grows because of a surplus of births over deaths it is called a natural increase, 

as compared to an increase in population caused by immigration.  In the UK immigration plays an 

important role in determining the size and shape of the population.  Net migration is an important 

concept that is not difficult to understand, but can be hard to conceptualize.  It is simply the 

number of people who moved into the UK in a year minus the number of people who moved out 

of the UK in that year.  A positive number means more people came into the country and a 

negative number means more people left.  What makes this complicated is that there is no such 

thing as a net migrant: there are people who have entered and people who have left the country.  

When net migration is being discussed what really should be taken into account are the two parts 

that make up net migration: factors that cause people to leave and the different factors that cause 

people to come to the UK.   

2.2 4ÈÅ 5+ȭÓ #ÕÒÒÅÎÔ $ÅÍÏÇÒÁÐÈÉÃ 3ÉÔÕÁÔÉÏÎ 

Just as individuals age, it is possible for entire populations to age.  This can happen because the 

average age increases or a larger share of the population is elderly.  If a society were to have 

stable fertility rates and mortality rates, then the population would increase or decrease at a 

constant rate, but the age structure would remain constant.  Yet the UK today has an ageing 

population.  After the Second World War people started having larger familiesðthe total fertility 

rate was almost 3 in 1964 (OECD, 2010).  This created a large generation known as the baby 

boomers.  At the same time, because of advances in medicine and public health, mortality rates 

were dropping and therefore life expectancy was improving.   

The total fertility rate began to decline in the 1970s and has hovered near 1.8 from 1975 until the 

mid 2000s (OECD, 2010).  Since then it is has risen to 1.96 in 2008 (ONS, 2010d).  During this 

time, life expectancy has been continuously improving.  The combination of relatively fewer 

births and people living longer is what has led to the ageing population in the UK today. 

Dependency ratios tell a similar story.  From the mid 1970s through 2006 the old-age dependency 

ratio (defining those aged from 16 to pension age as the work force) stayed near 30 percent (ONS, 

                                                      

1
 In this report when the term average is used it will always be the mean, which is the sum of the numbers 

being considered, divided by how many numbers there are. 
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2010e).  It is currently around 31.5 percent and, ignoring the planned increase in the pension age, 

(more on that in the next section) by 2050 the old-age dependency ratio should jump to almost 50 

percent (ONS, 2010e).   

Finally, immigration has played a large role in the growth of the UKôs population for the past 15 

years.  At least as far back as 1975 until 1998 there was never a year where net migration was 

greater in magnitude than 100,000 (ONS, 2010b).  In fact the overall impact on the UKôs 

population from migration between 1975 and 1994 was essentially zero (ONS, 2010b).  

Beginning around 1998 immigration increased greatly and net migration averaged almost 180,000 

persons per year between 1998 and 2008 (ONS, 2010b).  1998 was also the first year in which 

immigration played a larger role in the growing population than the natural increase (Jefferies, 

2005).  Immigration plays an important role in determining the size and structure of a population, 

but it is highly uncertain.  Net migration could be larger in the future, or it could go back towards 

zero or even become negative.  This analysis will attempt to take account of this uncertainty. 

To summarise, a combination of the baby boom, increasing life expectancy, and decreasing 

fertility have led to an ageing population in the UK.  In the near future baby boomers will be 

retiring in large numbers, and this may have a big impact on society.  Some of the areas that will 

be affected will be examined in the next section. 

2.3 Effect on Society of an Ageing Population  

There are many effects that an ageing population has on society.  Obvious examples are increased 

costs of pensions and health care.  Less obvious are items such as increased volunteering (retired 

people have more time to give) or changes in who provides child care (pensioners may be willing 

to look after their grandchildren).  This report focuses more on issues where the connection with 

ageing is better understood and more data are available not necessarily because they are more 

important, but because it makes comparing different population profiles easier and more 

effective.  This section examines possible effects of ageing on pensions, health care, long-term 

care and disability, education, and the economy. 

Pensions 

Pensions are one area that will obviously be affected by an increase in the elderly population.  

Happily, the UK government has been very proactive about the issue.  The female state pension 

age is set to rise to 65, from 60, by adding one year every two years until 2020.  By then, both 

males and females will be eligible for the state pension at 65.  Between 2024 and 2046 the 

pension age is set to slowly rise to 68 years for both men and women.  Furthermore, at the time 

this is written, the current Government is considering raising the retirement age sooner.  Simply 

as a matter of public finances, these increases in the retirement age will make pension funding 

more sustainable.  The old-age dependency ratio for 2050 mentioned in the last section (50 

percent) was based on no increase in the pension age.  When that increase is factored in, the 

expected old-age dependency ratio for 2050 becomes a more reasonable 34 percent (ONS, 

2010d).   

However, the goal of pension reform is not just to ensure fiscal sustainability for the government, 

but also to encourage workers to stay in the labour force longer.  Simply increasing the state 

pension age may not achieve this goal.  Part of the decision of when to retire is ñwhen the desired 

level of wealth is accumulatedò (Clark et al., 2004, p. 121).  Naturally the ability to draw a state 

pension leads to an increase in a personôs wealth, but the fixed age of retirement may be a 

problem.   Some economists think that instead of governments trying to delay retirement, they 
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should encourage each person to retire at an age in line with social costs and benefits (MacKellar 

et al,, 2004).  One way to achieve that is to have pensions that allow early retirement with lower 

benefits or later retirement with higher benefits depending on how much the worker has paid into 

the pension system.  As the pension age increases are happening right now it is difficult to say 

how they will affect the retirement decision of older workers.  In the international comparison 

section of this chapter, the innovative ways that Germany and Italy have found to keep older 

workers in the labour force and make pensions more flexible, respectively, will be discussed. 

Health Care 

An ageing population will certainly have an effect on the health care system.  There are many 

important interconnections between ageing and health care, and only the most pertinent will be 

discussed here.  The effects of an ageing population on health care change greatly depending on 

whether there is an expansion or compression of morbidity.  Expansion of morbidity means that 

as life expectancy increases, healthy life expectancy increases by a smaller amount, and therefore 

people are sicker for longer (Payne et al., 2007).  For example, if life expectancy has increased by 

four years, healthy life expectancy may have only increased by two years.  Compression of 

morbidity is the opposite; healthy life expectancy increases more than the increase in overall life 

expectancy and people are sick for less time (Payne et al., 2007).  The effects on health costs can 

be large: in forecasts that assume the expansion of morbidity, future health costs increase greatly, 

whereas costs tend to be more manageable if the compression of morbidity is assumed (Evans et 

al.,, 2001).  Caley and Sidhu (2010) examined increases in overall life expectancy and healthy life 

expectancy in the UK for the past 25 years; they found that healthy life expectancy had increased 

at about 72% of the rate of overall life expectancy.  This suggests an expansion of morbidity, but 

not by the full amount of the increase in life expectancy.  Of course this does not say what will 

happen in the future, but only what has happened in the past. 

Another problem with health care related to population ageing is that health care in the last year 

of life is very expensive (Payne et al., 2007).  This causes problems for cost projections that 

assume that age specific health costs will stay constant into the future.  For example, the costs for 

70 to 75 year olds today include a lot of the costs of the last year of life.  Yet in the future not as 

many 70 to 75 year olds will be dying, assuming life expectancy continues to increase.  One way 

to counteract this effect is to increase the cost age-bands by the expected increase in healthy life 

expectancy, which is the method proposed by Caley and Sidhu (2010).  As an example, if one 

assumes healthy life expectancy is estimated to increase at one year per decade, then in ten years 

81 to 86 year olds would have the same health costs as 80 to 85 year olds do today. 

It is also of interest to look at drivers of increasing health costs in the past.  Many researchers 

have noted that historically technology and increased use of care have played a larger role in 

increasing costs than demographics (Evans et al., 2001; Payne et al., 2007).  It should be noted, 

however, that these studies were examining a period with a much smaller increase in the number 

of elderly people than is predicted to occur in the next 40 years. 

Long-Term Care and Disability 

Long-term care is another area that will be greatly affected by the increase in the number of 

elderly people. It is administered to those, primarily the old, who need help not only with medical 

care, but also with social and personal needs, such as getting dressed.  There are several 

difficulties in measuring how much will be needed in the future.  First, unlike most medical care, 

many of the tasks necessary to help the elderly can and are performed by people with no 

specialised training.  These informal carers, as they are known, play an important role in reducing 
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the demand for government provided long-term care and will have an important role in containing 

long-term care costs in the future (Karlsson et al. , 2006).   

The second thing that makes long-term care difficult to forecast is estimating who will need it.  

Almost everyone needs a doctor in her life, but a large number of people never need long-term 

care.  One of the problems is that disability is hard to define clearly.  Current government 

statistics primarily rely on asking people if they consider themselves disabled (Department for 

Work and Pensions, 2010).  This can be useful for some measures, but it is not helpful for 

predicting how much assistance they will need.  The last systematic effort to determine how 

prevalent disability is in the UK took place in the 1980s, and much has changed since then 

(Martin et al., 1988). 

The twin problems of not knowing how much care will be provided informally and of knowing 

how many people may need care in the first place make projecting future long-term care costs 

highly uncertain.  However, the government has tried: the total spent on long-term care is set to 

grow from around one percent of GDP today to about two percent in 2050 (HM Treasury, 2009).  

Even though it is still low as a percentage of GDP, this doubling of cost could make it an 

important component of future government spending.  If costs or demand increase more than 

expected, then it could cause many problems. 

Education 

Education may seem like a strange item to include when considering the effects of an ageing 

population, but it is important for two reasons.  The first is that the total cost of education should 

be lower if there are fewer students.  The second is that the education system may be different 

with fewer students and we need to consider how that will affect society.  In terms of cost, any 

decrease in the cost of education must be considered against increases in other areas of 

government expenditure.  For example, if health costs go up because of ageing, but education 

costs go down because of fewer students, then the net impact on the government would be less 

than the increase in health costs alone would suggest. 

If there are fewer students, then it is possible that resources will be reduced proportionally and 

little will change in the education system.  However, if instead the same resources were used on 

fewer young people, then educational attainment may improve, there may be lower student to 

teacher ratios, or students may stay in school longer.  None of these situations are certain to 

occur, and if they did then the drop in costs might not be as large as predicted, but if they do 

happen then what would be the effects on society?  There is evidence from the United States that 

smaller class sizes leads to educational improvement, especially for younger students and 

traditionally disadvantaged students (Biddle & Berliner, 2007).  Another study from the United 

States suggests that the longer students spend in school, the less likely they are to commit crime 

(Lochner & Moretti, 2004).  Using a similar methodology, Machin et al (2010) have shown the 

same to be true for the UK.  These results are not completely conclusive, but it is not hard to 

imagine that there are some possible positive societal effects from better education, and better 

education may be more likely with fewer students.   

Economy 

Finally, what effect will demographic ageing have on the economy?  The most simple and 

truthful answer would probably be that no one knows, but there are some key areas of research to 

highlight.  In the short-run there are many factors that affect economic growth, but in the long-run 

there are primarily two factors: the rate of increase of productivity and the size of the labour 

force.  The labour force depends on the size of the population and economic participation rates 
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for any specific age and sex.  Participation rates may change in the future, but for any particular 

population, todayôs age-specific participation rates can be applied forward to give an estimate of 

the future size of the labour force.  The link between an ageing society and productivity growth is 

more uncertain.  On the one hand older workers may need less training and therefore could be 

more productive.  On the other hand, they may be less mobile and slower (Skirbekk, 2003).  One 

study suggested that, because there may be a shortage of labour in an older society, overall 

productivity may increase as a response (Cutler et al., 1990).  Overall, the evidence from 

economists is inconclusive (Prskawetz & Lindh, 2006; Shephard, 2000).   

Society will certainly change somewhat with an ageing population and, although not all of the 

connections are thoroughly understood, it is likely to put increased pressure on government 

expenditures.  Furthermore, as people retire there may be shortages of labour in some areas.  This 

section has focused on the UK.  The next section examines some data from other countries. 

2.4 International Comparisons  

The UK is not alone in dealing with the issues that arise from an ageing population.  Indeed much 

of the developed world is facing similar problems to a greater or lesser degree.  Unfortunately 

there are no countries to examine which have gone all the way through the stages of population 

ageing, but there are at least two countries that are further through the process than the UK: 

Germany and Italy.  Care must be taken whenever international comparisons are attempted 

because of cultural differences and other factors.  However, discussing the problems facing other 

countries with ageing populations and their proposed actions can be helpful.  Because Germany 

and Italy are European countries, it makes the comparison more meaningful.   

Germany 

Germany has a low fertility rate, with increasing life expectancy, and a large baby boom that will 

begin retiring soon (OECD, 2005).  In fact, the German labour force and population are projected 

to decline between 2020 and 2050, which is not expected to happen in the UK (OECD, 2005).  

The finances of Germanyôs government will  face pressure from this ageing population.  They 

have a few programmes that are worth mentioning to try to decrease government expenditure 

while caring for elderly people. 

The government is using tax incentives to try to encourage people to save more on their own and 

rely on the government less for retirement income (OECD, 2005).  This is a common approach 

being taken by many countries.  A more unusual response is a set of incentives given to 

companies to hire older workers.  A widespread problem in Germany that is not a large problem 

in the UK is people using disability and unemployment benefits to ópre-retireô before they are 

eligible for pensions (OECD, 2005).  To try to combat this, Germany has introduced wage 

subsidies for up to three years for workers over 50 and lower taxes on employees over 55; 

unemployed workers over 50 can also take a lower-paying job and receive half of the difference 

between the old and new wage from the government until the unemployment benefit would have 

ended (OECD, 2005).  All of this is aims to keep older people working longer.  Employment of 

older workers has increased, but there is some debate about whether this would have happened 

anyway without the incentives (OECD, 2005). 

Italy  

Italy faces similar problems to Germany.  It has a total fertility rate of approximately 1.24, which 

is one of the lowest in the world (OECD, 2004).  Combine this with very high life expectancy and 

it is no wonder that the old-age dependency ratio (those aged 65 and above to those aged 20 to 
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64) is expected to rise from about 29 percent in 2000 to almost 67 percent in 2050 (OECD, 2004).  

The working age population is already declining (OECD, 2004).  

Italy used to have old-age policies that encouraged early retirement in an attempt to help with 

youth unemployment (OECD, 2004).  The idea that youth unemployment can be reduced by 

encouraging older people to retire is a misconception that is prevalent in Europe.  As it turns out, 

the empirical evidence shows employment growth for the youth is the greatest when there is also 

employment growth among the old (OECD, 2005).  This suggests that there are greater job 

opportunities for young and old alike when there is robust economic growth (OECD, 2005).  

Nonetheless, these former policies encouraging early retirement in Italy have created an 

expectation of early retirement that is now hampering efforts to persuade people to work longer 

(OECD, 2004).  Of course there are two sides to getting older people to work: there must be 

individuals willing to work, but there also need to be companies willing to hire them.  One survey 

found that 45 percent of economically inactive Italians aged 55 to 64 would like to be working 

(OECD, 2004).  Whether this suggests that employers may be biased against older workers, or 

older workers may not have the proper skills for the jobs that are available, is unclear. 

Italy was facing a pension funding problem as early as 1995 and in response it initiated 

innovative reforms.  They turned the state pension system into a notional defined contribution 

system.  Todayôs workers still pay taxes that are used to pay current retireesô pensions, but 

employee contributions are tabulated in an individual óaccountô(OECD, 2004).  The contributions 

to the óaccountô grow at the rate of growth of GDP (OECD, 2004).  Workers can retire as early as 

57, but the key is that at the time of retirement the value of an individualôs óaccountô is converted 

to an annuity with payments based on age and life expectancy (OECD, 2004).  In essence, if a 

worker retires earlier or life expectancies have increased, then the payout will be lower.  This is a 

way to decrease the burden to public expenditures on pensions, while allowing people to make 

their own decisions about when to retire.  One downside of the reform is that, because it so 

greatly transforms the current system, it will not be fully implemented until the 2030s (OECD, 

2004).   

Germany and Italy are going through demographic ageing that is even more extreme than that the 

UK is facing.  Looking abroad for ideas about how to manage an ageing population is one way to 

find new solutions to problems.  This chapter has outlined some of the important background 

information about population ageing in the UK.  The next chapter will explain what method was 

chosen and used to help examine the effect on UK society of different population trajectories to 

2050. 
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3 Methodology  

This chapter explains the approach used to examine different population trajectories to 2050.  A 

spreadsheet model was created, which not only projects the size and age of the population, but 

also estimates the size of the economy, as well as pension, health, and education costs.  Key 

assumptions and data sources are also elaborated. 

This analysis needs to be able to project different populations to 2050 based on assumptions 

about fertility, life expectancy, and immigration and then estimate the effects on society.  One 

way to do this is to use a spreadsheet model.  The basic idea of the model will be described 

below.  More technical information about the model is available in Appendix A.   

3.1 How the Model Works  

The spreadsheet model has five main parts.  The first projects the size and age breakdown of the 

population to 2050.  The second estimates the growth of the economy over that time period.  The 

last three parts relate to costs to the government of pensions, health care, and education between 

2010 and 2050.  Each section is explained in more detail below. 

Population 

To project the population for each year the cohort method is used, which is the same as that used 

by the Office for National Statistics (ONS, 2010d).  The basic information needed is the age-

specific starting population, as well as age-specific fertility rates, mortality rates, and net-

migration estimates.  An example will illustrate how the cohort method works and is shown 

graphically in Figure 3.1.  The population of 25 year-old males in 2010 will become the 

population of 26 year old males in 2011.  To find how many 26 year olds there are, the number of 

25 year olds is multiplied by the age-specific mortality rate to find how many have died.  These 

deaths are subtracted and then the net migration of 25 year olds in 2010 is added to the population 

of 25 year olds in 2010.  That is the number of 26 year-old males in 2011.  Age-specific fertility 

rates are multiplied by the size of each age of the female population to determine the number of 

births.  An infant mortality rate is applied to the number of births to determine how many survive.  

Those that do survive come into model at age zero in 2011.  The process continues for every age, 

every year. 

The ONS makes population projections based 

on assumptions about fertility, life expectancy, 

and net migration for each year.  This means, 

for example, that they assume the total fertility 

rate in 2026 will be 1.84.  To account for 

uncertainty, the ONS runs several scenarios 

with different assumptions.  This method 

works fine for things that change little from 

year to year, such as fertility rates and life 

expectancy.  However, immigration is different 

because net migration can change quite a lot, 

rather quickly.  The ONS assumes net 

migration will be the same each year 

throughout the projection period.  However, 

yearly variation may (or may not) make a large difference to the total population at the end of the 

Figure 3.1 Diagram of Cohort Method
*
 

 

*Numbers are shown for illustrative purposes 

only. 
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forecasting period.  To try to account for 

this variance, rather than using a 

traditional spreadsheet that can only 

contain one value for each assumption, a 

stochastic spreadsheet was used.  

Stochastic means that the model does not 

assume that in the year 2034 that net 

migration will be exactly 180,000, but it 

picks a random value between 120,000 

and 240,000, with 180,000 being the 

most likely outcome.  This allows the 

effects of the yearly variation in net 

migration to be seen.  This is 

accomplished by simulating the model 

500 times.  Each time different values 

are chosen for net migration for each 

year within the range mentioned above.  

The average population over all the 

simulations, as well as how much the 

population varied between different 

simulations, can then be analysed. 

The age distribution of net migration has a large effect on many factors besides the overall 

population size, such as how many children the immigrants have and how much they contribute 

to economic growth.  Figure 3.2 shows the assumed age distribution of net migration.  This 

distribution is based on recent migrant data and comes from ONS (2010d).  This is the age 

distribution used when net migration is 180,000 persons per year, but when it is more or less the 

distribution has the same shape, and each age is scaled up or down evenly.  Notice that the vast 

majority of the inward effect of net migration comes from those aged 15 to 29.  There is a small 

positive effect for other ages less than 40 and a small negative effect for those older than 40, but 

the vast majority of net migration is made up of young people, and this may have important 

effects.  

Economy 

The growth rate of the economy is an important factor in understanding how burdensome the 

future cost of government programs will be, but there is much debate among economists about 

how ageing will affect the economy.  At the same time it is important to include an economic 

component to the model to capture some of the effects changing populations will have on the 

economy.  In the long-run the primary driver of overall economic growth is productivity growth 

and the change in the size of the labour force.  As mentioned in the Background chapter, there is 

no solid link between ageing and productivity.  Thus, for this analysis productivity growth is 

based on historical data.  To estimate the size of the labour force, it is necessary to know the size 

of the working-age population, labour force participation rates (the percentage of a certain age 

group who are economically active), and unemployment rates.  The working age population is 

already in the model.  The following four different scenarios for labour force participation rates 

are used:   

1. Participation rates stay constant at the average level between 2005 and 2009.   

2. Female participation rates increase to male levels. 

Figure 3.2 Age Distribution of Net Migration  
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3. Older workers adjust participation rates in line with increases in the state pension 

age. 

4. Scenarios two and three occur at the same time. 

Age-specific unemployment rates come from historical data.  To estimate economic growth the 

size of the economy today (measured by GDP) is taken as given and then each year the rate of 

growth of productivity is added to the growth rate (or decline rate) of the labour force; this gives 

the overall rate of increase in the economy.  This is a simplistic version of the economy, but 

similar models are used to estimate long-term economic growth by the government and it works 

for the intents and purposes of this model. 

Pensions 

Estimating specific state pension costs into the future is difficult because there are several pension 

programmes and some of them depend on how much people have earned or other individual 

factors.  To compound that problem, governments are always changing the specific rules of the 

programmes.  Thus, in estimating costs to 2050 it does not make sense to consider specific 

features of the pension system today, as they are liable to change.  Instead, it seems likely that 

whatever form the system takes, any future government will ensure that pensioners are getting 

about the same amount in the future as they are getting today.   

This may sound simple, but it is actually somewhat complicated.  Some people think that ósame 

amountô means pensioners should be able to buy the same basket of goods in the future as they 

can today.  That would imply increasing pensions each year by the rate of inflation.  Other people 

think that pensions should increase at the same rate as earnings, so pensioners receive some of the 

benefits of overall economic growth.  To account for these differences the model takes per 

pensioner costs today and explores several scenarios for how per-pensioner costs grow each year.  

One scenario has them grow at the rate of inflation.  Another has them grow with earnings.  A 

third scenario has per-pensioner costs grow at the rate of inflation, plus one percent.  As earnings 

in this model are assumed to grow at the same rate as productivity, which will average about two 

percent per year, this is a compromise between pensions growing with inflation or with earnings.  

This seems a reasonable way to estimate pension costs over the projection period. 

Health Care 

The fourth part of the model estimates health-care costs into the future.  Health care is probably 

the most complicated of the cost estimates. For both pensions and education, using an average, 

per-person cost is a pretty good estimate of total cost.  Health care is different because people 

demand varying types of health care.  To try to account for this age-specific health costs are used.  

However, even this has problems when projecting very far into the future because the last year of 

life is very expensive in terms of health care.  To try to account for increases in life expectancy 

the model uses a method similar to the one described by Caley and Sidhu (2010).  Between 1981 

and 2007 life expectancy for males increased by 6.3 years, but healthy life expectancy only 

increased by about four years, which means that the increase in healthy life expectancy for males 

was about 63 percent of the increase in overall life expectancy (ONS, 2002, 2010c). Over the 

same time period female life expectancy only increased by 4.6 years, and the healthy life 

expectancy increased by 3.7, which means that 80 percent of the increase in overall female life 

expectancy was healthy (ONS, 2002, 2010c).  To more accurately reflect future health care 

expenses this information can be used to adjust the age bands of health costs.  For example, if the 

age band is currently 65 to 74 and there is a predicted life expectancy increase of 5 years between 

2010 and 2050 then for females the age band would be increased 80 percent of that, or 4 years.  
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Thus, the costs that today are for 65 to 74 year olds will be for 69 to 78 year olds in 2050.  This 

gives a better idea of future health costs then just assuming the age-specific costs will stay 

constant. 

In addition to the ageing factor, there is also the rate at which per-person costs will rise.  Judging 

by historical data, health costs seem unlikely to rise by as little as the rate of general inflation, but 

that is included in the model as a baseline.  Another scenario included assumes health costs 

increase at the rate of earnings growth.  Finally there is a third option which includes costs 

growing at inflation plus 3.5 percent, which is the 1987 to 1997 average annual increase in per-

person health costs (HM Treasury, 2010).  Initially the 1987 to 2009 average annual increase in 

per-person health costs was included in the model, but health costs surged in all scenarios with 

that assumption because it is so much greater than expected economic growth (HM Treasury, 

2010).  This is not to say that health costs could not grow at that rate and cause problems for a 

future government, but it was not helpful for comparing different demographic scenarios.  Age-

specific costs are only available for the Hospital and Community Health Services (HCHS) part of 

the health budget.  Therefore the model only estimates costs of HCHS, which consumes the vast 

majority of the NHS budget and about 85 percent of the Department of Healthôs budget 

(Department of Health, 2009).  The health-care cost estimates do not estimate all health costs, but 

do take into account the vast majority of it, and the part most likely to be affected by population 

ageing. 

Education 

Education costs are estimated by taking the per-pupil cost of the 2009 fiscal year and assuming it 

grows at the rate of inflation or the rate of earnings growth.  Earnings are assumed to increase at 

the rate of productivity growth.  The rationale for using earnings growth is that education is a 

very labour-intensive activity, so any cost increase is likely to rise with earnings, and not general 

inflation. These five key areas make up the model and will be analysed to try to take account of 

the effect of different populations on UK society.  The next section addresses areas that may be 

affected by population ageing that were not included in the model. 

3.2 Areas Not Included in Model  

There are some topics important to population ageing that have not been included in the model, 

and this section explains why.  It would be useful to have some measure of the prevalence of 

disability in the population to estimate how many people will need assistance with daily 

activities.  However, it turns out to be rather difficult to do this.  Disability is not a binary issue. 

The choice is not between disabled or not.  Instead there is a continuum of disability ranging from 

people having a slight disability needing no extra care to people who have severe disabilities and 

require intensive support.  The last comprehensive survey of disabled people in the UK was 

carried out in the 1980s (Martin et al., 1988).  There may have been a way to use these data in the 

model, but it was decided they were too out of date to make it worthwhile to do so. 

Long-term care costs are an important component of population ageing.  Time was spent trying to 

figure out a way to include these in the model.  However, things quickly got complicated because 

there are so many different types of people who require a large variety of services.  This was also 

related to the lack of data on disability.  Finally, although these are a growing cost, they are a 

small part of the overall budget and other items are more important to include.  Increased long-

term care costs will probably be an important consequence of an ageing population, but there was 

not enough time to include them in this model.   
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Other government benefits, such as those for housing and unemployment, were considered for 

inclusion in the model.  They ended up not being included because of time constraints, but they 

are also less important because it is less clear (at least in this analysis) how unemployment would 

be affected by population ageing.  So, although other government benefits are important for total 

government spending, in an analysis of population ageing the most important items are probably 

pensions, health care, and education. 

Finally, low-probability, catastrophic events can affect population growth.  There are limitless 

examples, and a few will be enumerated here.  New diseases may develop that are resistant to 

available treatment.  War may break out on a scale never before seen.  Climate change may cause 

an increase in extreme weather.  All these events can be deadly in themselves as well as 

disruptive to the supply of food, water, and other essential items.  It is possible that something 

along these lines could dwarf the effect of fertility or immigration on population size.  However, 

despite the possible importance of events such as these, they are not included in the model 

because by their nature they are unpredictable. 

3.3 Key Assumptions  

This section outlines some key assumptions that are made in the model.  It is important to 

understand these assumptions because they greatly impact on the model results and on how useful 

it is at shedding light on the underlying problem.  Some of the assumptions have been mentioned 

before, and this section only mentions them briefly in order to summarise important assumptions 

in one place. They are as follows: 

1. For every scenario, fertility rates and life expectancy are assumed to be known for each 

year.  

2. In scenarios with positive net migration, annual net migration is assumed to range 

between 120,000 and 240,000, with 180,000 being the most likely figure.  The ages of 

migrants is assumed to be the same as in the recent past.  

3. Economic growth in the model is simplistic and it essentially assumes that growth will 

continue in the future as it has in the past, except for changes in the size of the labour 

force. 

4. Labour force participation rates are based on the four scenarios outlined above. 

5. Earnings are assumed to increase at the rate of growth of productivity. 

6. Economic growth is assumed not to affect the amount of immigration.   

7. To estimate pension, health care, and education costs, the model assumes that those 

programmes stay somewhat similar to what they are today.   

8. Per-pensioner costs are assumed to grow either at the rate of inflation, earnings, or 

inflation plus one percent. 

9. Per-person health care costs are assumed to grow either at the rate of inflation, earnings, 

or inflation plus 3.5%. 

10. Age specific health costs are assumed to change with expected increases in healthy life 

expectancy. 

11. Per-pupil education costs are assumed to grow either at the rate of inflation or earnings. 
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3.4 Data Sources 

Information about initial populations, age-specific fertility and mortality rates, and net migration 

came from the ONS publication National Population Projections 2008-based and accompanying 

data sets that are available from the ONS web site (2010d).  Historical economic data used to 

construct estimates of future productivity and unemployment also came from the ONS web site 

for economic time series data (2010a).   Information about past government expenditure used to 

estimate future costs for pensions, health care and education came from the HM Treasury 

publication Public Expenditure Statistical Analyses 2010 and accompanying data available on 

HM Treasuryôs web site (2010).  Projected future government expenditure for comparison to the 

model came from the HM Treasury publication Long-Term Public Finance Report: an analysis of 

fiscal sustainability (2009). 
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4 Results and Analysis  

This chapter presents and analyses the results from the model.  Overall the results show that most 

of the scenarios seem reasonable in terms of demographics, economy, and cost to the government 

of pensions, health care, and education. However, lower population scenarios require fertility 

rates so low that they are unrealistic. 

Many different population trajectories to 2050 will be examined and analysed to try to determine 

how much pressure the ageing population would put on society.  The number of possible 

scenarios to analyse given the different assumptions that need to be made and the necessity of 

varying those assumptions is quite large.  To help simplify things, for the most part it was decided 

to use the most likely life expectancy improvements
2
 and then vary the total fertility rate and net 

migration.  This was chosen primarily because fertility and net migration are changed by 

individuals making different decisions. Life expectancy has more to do with changes in health 

care and other factors mostly outside individual control.  In this sense fertility and net migration 

can be thought of as the policy levers of population change. 

One scenario is called the Central Forecast and uses the assumptions made by ONS in its 

principal projection: it can be considered to point to the most likely future population if no policy 

changes are made (2010d).  The long-term total fertility rate is assumed to be 1.84, which is 

slightly lower than it is today (ONS, 2010d).  Net migration averages 180,000 persons each year, 

but can vary between 120,000 and 240,000, which differs from that used by ONS by varying 

within a range, rather than being a fixed number.  To better understand what net migration of that 

amount means consider that there are currently about 550,000 deaths and almost 800,000 births 

each year in the UK (ONS, 2010d).  This means the natural increase in population is about 

250,000 persons per year, and the current annual total increase in population is about 430,000 

persons per year.  Thus, net migration makes up roughly 40 percent of the total increase in 

population. 

In addition to the Central Forecast, versions of 

the model were run to show what fertility rates 

would be needed to get to different populations 

in 2050 either with net migration averaging 

180,000 per year or with zero net migration.  

These are shown in Table 4.1 and presented 

graphically in Figure 4.1.  It is assumed in the 

model that the total fertility rate shown is 

reached over the period 2010 to 2020 by 

moving at a constant rate each year from the 

current value, 1.89 (ONS, 2010d). 

To put these fertility rates in context, consider 

that if every couple that currently has zero, one, 

or two children continued to do so and every 

                                                      

2
 The most likely life expectancies used in the model are called the Principal Projection in the ONS 

document National Population Projection 2008-based. 

Table 4.1 Total Fertility Rate (TFR) 

Necessary to Achieve Selected Populations 

Population 

in 2050 

(millions) 

TFR with 

Immigration  

TFR without 

Immigration  

45 Not Possible 0.30 

50 0.08 0.73 

55 0.45 1.12 

60 0.80 1.50 

65 1.13 1.85 

70 1.44 2.18 

76 1.84 2.56 

 



A20 | Ageing is Affordable: The Feasibility of Movement towards a Sustainable UK Population 
by 2050 with an Ageing Society 

 

Page 20 of 47 

couple that currently has three or more 

children only had two children then the total 

fertility rate would be about 1.44 (ONS, 

2010d).  That happens to be the fertility rate 

necessary to reach a population of 70 million 

in 2050, with immigration.  It seems likely 

that the total fertility rate will not go below 

1.44 in the near future, and would probably 

never go below one child per woman. 

These fertility rates show the large amount of 

inertia in a population, especially one that has 

increasing life expectancy.  Even if there were 

only 0.3 children born per woman on average 

and net migration was reduced to zero the 

population in 2050 would only have been 

reduced to 45 million.  Despite the fact that 

some of these scenarios are unlikely given the 

low fertility rates required, they will be the 

basis of examination for the rest of this analysis. The reason for this is to examine how well lower 

populations cope with ageing.  Once it is determined if low populations will or will not be able to 

support an ageing population, then it will be helpful to consider which fertility rates are 

reasonable.   

The scenario for 50 million with immigration will not be analysed because the birth rate is too 

close to zero.  The scenarios are named with the population they reach in 2050 and whether or not 

they have immigration, for example 55 or 55 No Migration.  In addition there are other scenarios 

which show different effects and these will be described as they come up. 

Models that try to forecast 40 years into the future are subject to a great deal of uncertainty.  In 

the first part of each section, average results will be presented.  These present what appears to be 

the most-likely outcome.  However, the advantage of using simulation is that the variation in the 

results can be seen.  Therefore, each section will also contain information about uncertainty both 

within and outside the model. 

4.1 Demographic Statistics  

One of the first things to consider when looking 

at different models is the difference in the 

effects of changes in life expectancy, fertility, 

or immigration in getting to a given population 

size.  The next series of graphs shows some of 

those effects.   

Figure 4.2 shows how changing assumptions 

about life expectancy can greatly affect the 

population.  All of the lines have the Central 

Forecast assumptions for immigration and 

fertility, but show the difference of larger or 

smaller than expected improvements in life 

expectancy.  The No Increase in Life 

Figure 4.1 Total Fertility Rate (TFR) 

Necessary to Achieve Selected Populations in 

2050, children per woman 

 

TFR with 

Immigration 

TFR without 

Immigration 

Figure 4.2 Population to 2050 Changing Only 

Life Expectancy (LE)  Assumptions, millions 
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Expectancy scenario is unlikely to actually occur, but it does show how much increasing life 

expectancy affects the overall size of the population.  The difference in life expectancy at birth 

between the higher and lower scenarios is about four years by 2050 and this has the effect of 

changing the population by about five million people.  Although for the most part in this analysis 

life expectancy is kept constant, this graph shows that small changes can add up to significant 

differences over a long time period.  Taking this into account, in later analysis the forecasts made 

should not be considered to be precise numbers, but an estimate within the range of the most 

likely outcome. In order to help make the 

graphs clearer, the legend will always be in 

the order of the lines on the graph. 

Figure 4.3 shows the difference in population 

that immigration can make.  With positive 

net migration averaging 180,000 persons 

each year in the Central Forecast the 

population continues to increase over the 

projection period.  However, with net 

migration at zero, the population peaks in the 

2030s and decreases thereafter.  In 2050 

there are about 12 million more people with 

immigration than without.  About 60 percent 

of those 12 million comes simply from the 

180,000 people each year entering the UK, 

but the other 40 percent comes from the 

children and grandchildren that those 

immigrants have.  If immigration stays at 

current levels it will have a very large effect on the UK population but, just as important, is the 

large uncertainty in these projections.  If net migration turns out to be much lower or higher than 

expected it could lead to greatly different outcomes in population. 

These graphs show the different magnitudes of the effects of the three components of population 

change: net migration, fertility, and life expectancy.  Even though changes in life expectancy are 

affecting the population, it can be seen that compared to immigration and fertility it is the least 

important because the expected change in life expectancy is relatively small.  Fertility is 

important in the longer run, but in the short run a difference of a little bit will not have a large 

effect.  Net migration creates the most uncertainty because it has a large effect on population and 

can change quickly. 

Another important point is to consider what the population will look like in age structure.  Figure 

4.4 shows population pyramids for 2010 and 2050 for three scenarios.  The 2010 figure still 

shows the traditional pyramid shape at the top, with a more rectangular shape for lower ages.  

This shows that most people are living into old age.  The baby boom is also visible as bulges from 

about age 40 to age 64.  The bulge in 20 to 29 year olds is caused in part by the recent surge of 

young migrants coming to the UK.   

Figure 4.3 Population to 2050 Changing Only 

Immigration Assumptions, millions 
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The three pyramids for 2050 have a few features in common.  They have all lost the pyramid 

shape at the top because all these scenarios have increased life expectancy.  Unfortunately, 

because there are relatively few people over age 90 right now there is no reliable way to predict 

the exact number for each age over 90 into the future.  Consequently, everyone over age 90 has to 

Figure 4.4 Population Pyramids for Selected Years and Scenarios, ages 
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be grouped into one category.  Perhaps the most striking difference between the three 2050 

pyramids is the small number of young people in the 50 No Migration scenario.  This is caused 

by very low fertility rates.  The lack of young people does make that scenario look rather 

unlikely.  Over time that tiny youth cohort will become the work force and still have a very large 

elderly population to support.  This would also be a concern for any scenario with a lower total 

fertility rate than this scenario.  Finally, for 50 No Migration there are also fewer people at older 

ages because net migration is zero in this scenario.  The Central Forecast is more rectangular 

looking, with a few bulges here and there, but primarily roughly equal amounts at each age until 

about 65.  This contrasts to the 70 scenario which matches the Central Forecast for people 40 and 

older, but has fewer people below 40 because of lower birth rates between 2010 and 2050.  

Overall, judging from the pyramids, the Central Forecast and 70 scenarios seem reasonable, but 

50 No Migration has very few young people to support the older people of tomorrow. 

Another way to look at age structure is through dependency ratios and the next two graphs do 

that.   Figure 4.6 shows the youth dependency ratios for different scenarios through 2050.  This 

ratio is the number of persons under age 21 to those between 21 and the state pension age.  These 

ages have been chosen to more accurately reflect the ages of people who are involved in full-time 

work, and are slightly different than those from ONS that were used in the Background chapter.  

There is no optimal number for this ratio, but there is cause for concern that education expenses 

might explode if it gets too high.  That is not the case in any of the scenarios.  However, in this 

situation some of the scenarios reach youth dependency ratios so low that they may cause 

problems because todayôs students are tomorrowôs workers.  When the ratio gets very low it 

means there may be problems in finding enough people to work in the future.  Notice also that, 

for the same population in 2050, the no migration scenario has a higher youth dependency ratio.  

This is because the majority of migrants are of working age, so with immigration there are both 

more workers and fewer children relative to a scenario that gets to the same population without 

immigration.  The reason that the rates all level off is because by 2040 all the youth have been 

born under the new fertility assumptions and thus there is a constant number of them, but the 

lower fertility rates have not yet had time to greatly change the size of the labour force.  

Therefore from about 2040 to at least 2050 the numerator and denominator in the ratio are 

relatively constant. 

The other side of dependency are the old-age dependency ratios and these are given in Figure 4.5.  

This shows a very different picture to that shown by the youth dependency ratios.  Every scenario 

has a dependency ratio in 2050 higher than in 2010.  The sudden jumps downward in the graphs 

are caused by increases in the state pension age.  This figure is also interesting because it shows 

the different effects of immigration and fertility on a population.  The scenarios with no migration 

almost immediately start to have higher dependency ratios because of there being fewer people of 

working age relative to the scenarios with migration.  Conversely, the different fertility rates do 

not separate from each other until about 2035.  Until then, all the workers have already been born.  

Some of them may or may not migrate, but differences in fertility will not affect this ratio for at 

least 20 years.   
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To a certain extent the higher old-age dependency ratios of 

some scenarios would be offset by a lower youth 

dependency ratio, but children are generally less of a 

concern than the elderly.  This is because the cost of 

education is relatively well known and has a set end date.  

The cost of health care for older people is more uncertain 

and they may live much longer than expected.  The 

troublesome part about some of the low-population, no-

migration scenarios is not only that the old-age dependency 

ratio is high, but that it is rising at a steep rate, and very 

quickly.  Consider that 45 No Migration goes from a 

dependency ratio of about 45 percent to more than 60 

Figure 4.6 Youth Dependency Ratio to 2050* 

 

*Those aged less than 21, as a percentage of those aged 21 to state pension age 

Table 4.2 Old-Age Dependency 

Ratios for Selected Countries
*
 

Country  2010 2050 

Germany 32% 47% 

Italy  32% 54% 

Japan 25% 50% 
*Ages used in ratios: 

Germany & Italy 2010: (66+)/(21-65) 

Germany & Italy 2050: (69+)/(21-68) 

Japan both years: (70+)/(20-69) 

Sources: Japan-National Institute of 

Population and Social Security 

Research 2001; Germany and Italy- 

Eurostat 2010 

 

Figure 4.5 Old-Age Dependency Ratio to 2050+ 

 

+Those over state pension age as a percentage of those aged 21 to state pension age 
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Figure 4.7 The Range of Possible Central Forecast Populations in 2050
*
: histogram shows the 

percentage chance of having a population of that size 

 

* Caused by Varying Net Migration (see text for more detail) 

Distr ibution of Annual Net 

Migration, thousands 

 

percent in just 15 years.  This is a massive change that would be very difficult for society to 

handle.  Table 4.2 shows old age dependency ratios for other countries for comparison.  The 

definition of dependency ratio is slightly different in some of the calculations, but as rough 

comparisons they are useful.  All three of these countries are considered to have very severe 

population ageing: yet no old-age dependency ratio goes above 55 percent in 2050.  This suggests 

that, although there is no certain tipping point, any ratio above 50 percent may make it difficult to 

care for the elderly.  With this benchmark, the lower-population scenarios with zero net migration 

may not be feasible. 

Finally, Figure 4.7 shows the effects that year to year variability in immigration has on the 

Central Forecast population in 2050.  Remember that 500 simulations were run for each scenario 

and each simulation had different amounts of net migration.  The inset of Figure 4.7 shows the 

possible net migration for each year varying between 120,000 to 240,000 with 180,000 being the 

most likely number.  Imagine a bin for each population in 2050, such as 75 million, 76 million, 

and so on.  Then place each simulation result in its appropriate bin.  Figure 4.7 would be the 

result of this process.  Thus it shows the range of possible populations that result from the yearly 

variation in migration. The columns that are taller happened more often in the simulations and are 

more likely to occur.  The vertical axis measures the percentage chance of each population 

occurring.  This shows a fair amount of uncertainty: all populations between 70 and 80 million 

have a pretty good chance of occurring.  This result is not surprising since immigration plays a 

large role in population growth in the UK.  What is more interesting is the way that the possible 
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populations are skewed to one side.  There are 

no populations below 68 million, while on the 

high side they go all the way up to 102 

million.  In the higher immigration scenarios 

it makes a difference whether the immigration 

takes place early in the projection period, or 

later.  If it happens earlier, then those 

immigrants will have children, while in the 

other simulations the children of immigrants 

are less likely to be born by the end of the 

period.  Finally, this graph shows the 

importance of being flexible enough to 

manage populations that can be higher or 

lower than expected. 

Figure 4.8 tells a similar story of uncertainty 

for the old-age dependency ratio of the 

Central Forecast.  To understand this graph, 

imagine that all the populations for each 

simulation were ranked from highest to 

lowest.  High Migration would be the population such that 95 percent of the all the populations 

are lower than it, which in this case is 88 million in 2050.  Low Migration would be the 

population such that only 5 percent of all the populations are lower than it, and in this case is 70 

million in 2050.  This graph shows the effect of these different populations on the old-age 

dependency ratio.  The High Migration scenario moves farther away from the Central Forecast 

than the Low Migration does, for the same reasons that the high population in Figure 4.7 was so 

spread out.  In this case the higher population 

of young people (the children of immigrants) 

causes the old-age dependency ratio to be 

lower.  This shows that immigration can have 

an effect not only on the total number of 

people, but on the age profile of the 

population as well.  The range of possible 

values, from about 30 to 43 percent in 2050, is 

not as large as the range in Figure 4.5, where 

the variance comes from the fertility 

assumptions.  These uncertainties show that 

estimates derived from the model are not the 

only outcome, but instead the most likely 

outcome from a range of possible values. 

4.2 Economy and Labour Market  

The economy is important to a discussion 

about demographics because higher economic 

growth can ease the burden on society even if 

there are relatively more elderly people.  GDP 

is one measure of the size of an economy, but 

to make the measure more meaningful when 

Figure 4.9 Real GDP per Capita in 2050,  

thousands £ 2009 

 

Figure 4.8 Old-Age Dependency Ratio to 2050 

Showing High and Low Net Migration (NM) 

Alternatives for Central Forecast (See text for 

more detail) 

 

Central 

Forecast 

High 

NM 

Low 

NM  
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comparing populations of different sizes it is better to look at GDP per capita.  This is a rough 

idea of the share of the economy per person, and can be used to compare living standards.  Figure 

4.9 shows GDP per capita in 2050 for different scenarios.  It is shown in 2009 pounds sterling, 

which means that the increases are not the result of inflation, but represent an actual increase in 

purchasing power.  For comparison, GDP per capita in 2010 is about £22,000 (ONS, 2010a), 

which means that in every scenario GDP per capita is set to double or almost double by 2050. 

The difference between the scenarios is small, but it is still interesting to consider the different 

effects causing the variance seen in the graph.  Take the Central Forecast as a given and consider 

the scenarios that deviate from it.  Scenario 55 has the highest value of all, probably because it 

has a similar level of workers as the Central Forecast, but a smaller overall population in which 

to divide up the economic pie.  The opposite effect can be seen in pairs of scenarios that reach the 

same population, one with and without immigration. The no-migration scenarios have much 

lower values for GDP per capita.  This is probably because, relative to a situation with positive 

net migration, the zero net migration scenarios have more children and fewer workers: thus the 

economy is smaller and split up among more people.  This implies that, if immigration is high, 

foreign workers come and contribute to higher economic growth.  However, it is also possible 

that the reverse is true: that higher economic growth encourages immigrants to come, who then 

contribute to further growth.  Furthermore, if immigration was arbitrarily restricted with no 

regard to the economy, it may well limit economic growth.  It is not the focus of this report to 

settle debates about immigration, but instead to ensure the reader understands the assumptions 

that led to the results shown.  These results should be considered with caution as this is a very 

simplistic model of the economy.  With this in mind, although there are differences in GDP per 

capita, all scenarios should be considered to predict very similar standards of living. 

There are two areas of uncertainty relating to future economic growth worth mentioning.  The 

most important, but least quantifiable, is that economic growth in the future may be different 

from that in the past, which is where data for this model come from.  There is no specific way to 

deal with this, but it is an important point to remember when considering these results.  Another 

key area of uncertainty relates to labour force participation rates because, when assumptions 

about them are changed, it can greatly affect GDP. 
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Figure 4.10 contains different labour force participation assumptions.  All three lines have a 

similar trend although not of the same magnitude.  The Central Forecast uses constant labour 

force participation rates from recent historical data.  If participation rates near the state pension 

age increase with the change in the state pension age or female participation rates rise to male 

levels then economic growth follows the middle line.  If female rates increase to male and people 

adjust to the new state pension age then the highest economic growth is seen.  This last scenario 

is unlikely to happen as there will probably always be women who choose to raise children 

instead of working and some older people who will retire before the state pension age.  However, 

it serves to show that higher economic growth is possible, even in the scenarios with smaller 

workforces, if women and older people increase their labour force participation.  The difference 

in economic growth between the Central Forecast and the highest growth scenario is 500 billion 

pounds in 2050, which is a large amount. To keep economic growth estimates conservative, the 

Central Forecast assumes that labour force participation rates stay at recent levels. 

This section has outlined some of the estimates of economic growth derived from the model as 

well as pointing out the uncertainty in them.  All scenarios have much higher and roughly similar 

living standards so, from the viewpoint of economic growth, all of them seem acceptable.  In 

summary, there seem to be downside risks to growth from restricting immigration.  There is also 

the chance that economic growth could be higher than estimated if women and older workers 

enter the labour force at higher rates than in the past.  In the sections that follow costs for 

different programmes are estimated as a percentage of GDP.  It is important to understand the 

reasons that GDP could be higher or lower than expected when considering these costs. 

4.3 Pensions 

In the first section of this chapter, old-age dependency ratios suggested that low-population, no-

migration scenarios would present difficulty in caring for the elderly.   This section addresses the 

Figure 4.10 Real GDP to 2050 for Different Labour Force Participation Scenarios,  

billions £ 2009 
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same concern from a different perspective by analysing the cost burden to society of pensions for 

different demographic scenarios.  This is arguably a better estimate of whether different 

demographic scenarios may be feasible.  Figure 4.11 shows the total cost of state pensions to 

2050, assuming one percent growth each year in per-pensioner costs.  This graph is similar in 

shape to the graph of old-age dependency ratios.  All the no-migration scenarios break away from 

the migration scenarios almost right away, and then there is no more splitting until the mid 2030s.  

From there, the lower-population scenarios have higher costs and the higher-population scenarios 

have lower costs. 

In the no-migration scenarios there are fewer workers, relative to the other scenarios, almost 

immediately.  This leads to lower economic growth and explains why pension costs rise as a 

percent of GDP.  The reason the different fertility rates stay together until the 2030s is because 

that is when children born today begin to enter the labour force.  More workers lead to more 

economic growth and a lower pension burden.  Remember the number of pensioners is not 

affected by changing birth rates in a 40-year projection, although differences in immigration do 

play a role.  It is primarily the economy that is driving the differences in cost.  All of the scenarios 

with immigration do not see large increases in cost over the projection period.  The two lowest 

no-migration scenarios have large and growing costs that would be difficult to manage, but the 

no-migration scenarios with 2050 populations of 55 million and above do not see costs grow as 

quickly. 

There are several areas of uncertainty that are important.  Economic growth may be the most 

significant one since all the pensioners have already been born.  In that sense, the bill is already 

determined, it just depends how large it is as a percentage of the economy.  Government policy is 

another big area of uncertainty.  This analysis assumes increases in the pension age take place as 

planned.  At the time of writing, there is discussion in the current government of raising the state 

pension age earlier than scheduled.  There are no details yet, but a cost estimate was run using 

some of the dates being discussed.  The shape of the graph was similar to that of Figure 4.11, but 

the costs were slightly lower.  This analysis is resilient to some government policy change 

because it is not based on any specific plan, but on assuming that the Government will provide a 

similar level of pension to today.  Another source of uncertainty is that per-pensioner costs may 

Figure 4.11 State Pension Costs to 2050 based on current legislation, percent of GDP 
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rise faster or slower than estimated.  Finally, life expectancy may improve more or less than 

expected, which would lead to more or fewer pensioners, respectively. 

Each of these factors is compounded to make the overall uncertainty quite large.  Figure 4.12 

shows the highest and lowest cost estimates for the Central Forecast.  The Highest cost estimate 

assumes that pensions will grow with earnings, that life expectancy will grow faster than 

expected, and that economic growth will be lower than expected.  The Lowest cost estimate 

assumes that pensions will grow with inflation, that life expectancy will improve less than 

expected, and economic growth will be higher than expected.  This leads to quite a large 

difference in cost by 2050, ranging from less than three to more than seven percent of GDP.  This 

is almost as large as the difference between the highest and lowest cost of different demographic 

scenarios.  Given the uncertainty surrounding a particular demographic scenario, this provides 

evidence that, except for the highest-cost demographic scenarios, any of the scenarios would 

probably be manageable in terms of pension cost. 

Pensions are a key area of concern when considering demographic ageing.  Due to the UKôs 

planned increases in the state pension age there is very little reason for concern in the scenarios 

with migration.  Some of the lower-population scenarios with net migration of zero do predict a 

rather large growth in pension costs that does not show any sign of stopping.   

 

 

 

4.4 Health Care 

Figure 4.12 State Pension Costs to 2050* ,  

percent of GDP  

 

*Highest cost and Lowest cost alternatives of 

Central Forecast.  See text for more detail. 
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The UK currently spends about seven percent of its GDP on Hospital and Community Health 

Services (HCHS), which makes up the bulk of the money spent on health (Department of Health, 

2009; HM Treasury, 2010).  In this section ñhealth-care costsò refers to the money spent on 

HCHS.  Figure 4.13 shows the estimated cost of health care for different demographic scenarios 

for every ten years between 2010 and 2050, assuming that per-person costs grow with earnings.  

As with pensions, the no-migration scenarios with the same end population all have higher costs.  

Again this is primarily because of lower economic growth.  Initially the lower-population 

scenarios have lower costs than the higher population ones.  This is partly explained because 

births are quite expensive, and there are far fewer births in the lower-population scenarios.  It is 

also because there are fewer children who need health care.  Childrenôs health care is relatively 

inexpensive compared to older groups, but since children do not contribute to the economy, 

health costs will be lower as a percent of the economy. 

Over the years, however, the costs for different populations begin to converge.  By 2050 costs are 

actually higher for lower-population scenarios.  This is primarily because, from the mid 2030s 

onwards, the small cohort of workers in the lower-population scenarios begins to limit economic 

growth, at the same time that a large number of older people requires expensive health care.  The 

higher-population scenarios have similar numbers of old people, but have more people of 

working age to pay for it.  For this reason the costs are more manageable.  It should be pointed 

out that costs rise to over 8 percent of GDP in every scenario, which suggests that health care 

costs will be problematic no matter what the demographic situation is. 

As was done for pension costs, Highest cost and Lowest cost estimates have been created for 

health costs for the Central Forecast.  The Highest estimate assumes that per-person costs grow 

at 3.5 percent above inflation, and that there is low economic growth and high life expectancy.  

The Lowest estimate assumes that per-person costs grow at inflation, and are accompanied by 

high economic growth and low life expectancy.  The Constant Health estimate does not take into 

account expected improvements in health when estimating costs.  The results are shown in Figure 

4.14. 

Figure 4.13 Health Costs for Hospital and Community Health Services for Selected Years,  

percent of GDP 
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Strangely, the Lowest cost is a little higher 

than the Central Forecast until sometime 

between 2030 and 2040.  This is primarily 

because the Lowest estimate is based on low 

life expectancy, which means there are fewer 

people to provide health care for, but also that 

expected improvements in health are lower.  

The overall effect is about even until around 

2040.  In the Highest scenario cost rises so 

quickly primarily because per-person costs are 

growing faster than the economy.  Also notice 

that the Constant Health estimate is growing 

just as fast, which emphasizes how important 

it is that health improves as well as life 

expectancy.  The range of costs between the 

scenarios in 2050  is a full percentage point of 

GDP, which is significant, but not as much as 

that for the different demographic scenarios. 

Overall, it seems that rising health costs will 

be a concern no matter what the demographics 

are.  In 2050 all of the demographic scenarios 

have average costs at least a full percentage 

point of GDP higher than in 2010, and there is 

some upside risk that they could be much higher.  In terms of which scenarios seem manageable, 

the low-population, no-migration scenarios again have costs growing very quickly, which would 

probably put a great and perhaps impossible burden on society.  

4.5 Education  

Education is the last section of the model and the number of students in different scenarios is 

important.  Figure 4.16 shows the number of those aged 5 to 18, through 2050, as a percentage of 

the total population.  This age group captures most primary and secondary school students.  The 

percent of students is level in all scenarios between 2035 and 2050.  That is the period when 

lower fertility rates have been in effect long enough that all the students have been born in 

smaller cohorts.  All the scenarios have fewer students as a percent of the population by 2050.  As 

such, there is no real concern about education costs, as evidenced by Figure 4.15.  Every single 

scenario has level or lower education costs throughout the projection period.   

Consider though what the number of students really means.  In the 45 No Migration scenario 

there are fewer than two million students in 2050 and almost 11 million people aged 52 to 65.  

The latter group is getting ready to retire and the former group is getting ready to replace them in 

the workforce.  That will be quite a decrease in the labour force.  There are no specific guidelines 

about what would be unfeasible, but so few young people for so many old people is very different 

from anything seen in the modern world and it could be difficult to manage. 

Figure 4.14 Health Costs for Selected Cost 

Growth Assumptions (see text for detail), 

percent of GDP 

 
























