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ABSTRACT

The life expectancy has increased rapidly in Norway in recent decades, with about % year per year. The
increase has been particularly fast for men, following a temporary decline in the 1950s and 1960s. Statis-
tics Norway’s mortality projections using the Lee-Carter method indicate further improvements in this cen-
tury — about 10 years higher life expectancy at birth. This implies significant mortality declines for older
persons as the mortality is now small for young people. With no deaths below age 50 the life expectancy
would be only 1-2 years higher.

Population projections are for several reasons important for studying population ageing, including to
have knowledge about the future age structure, and to estimate the effects of possible policy changes. In
addition, the mortality projections are used for several other purposes than for projecting the population,
such as calculating future pensions according to the new pension system, where life expectancy improve-
ments reduce the annual pensions.

The population projections show that the population will age regardless of plausible assumptions made
about the demographic components births, deaths, immigration and emigration. Policies to affect these
components may only marginally affect future ageing, and in some cases in the wrong direction. The only
factor that may significantly affect the future ratio of the working to the non-working population, the
potential support ratio, is that people work longer. This ratio will remain at the current level if the pension
age is increased from the current 67 years to 78 years at the end of the century. This may be possible if the
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health of old persons continues to improve.

INTRODUCTION

A population projection is an estimate of the future
population of a country, region or the whole world,
usually specified by age and sex (at least). Population
projections are made by most statistical offices as well
as by international organizations (such as the United
Nations), research institutions (such as IIASA, Interna-
tional Institute for Applied Systems Analysis) and ot-
her. They are used for a variety of purposes. Social and
economic planning is one important use and another is
to study the consequences of certain trends. Some
well-known examples include the “population bomb”
projections of the 1960s (1) and the biannual United
Nations projections of the world population, showing
the implications of the current fertility and mortality
trends (http://esa.un.org/unpd/wpp/index.htm). IIASA
(2) has made stochastic forecasts of the world popula-
tion with confidence intervals that illustrate the uncer-
tainty about the future.

Population projections are particularly useful for
studying the ageing of the population: First, without
projections we would not know the future age compo-
sition of the population. Because of projections the
coming population ageing has been known for many
years. The rapid growth of the number of persons 80
years and older in the 2020s, for example, was already
known in the 1970s. In 1979, a growth of 15 per cent of
persons 80 and over from 2021 to 2026 was projected
(3). The 2012 projections estimated a growth of 22 per

cent for this period. The main reason for the higher
growth in recent projections is the declining mortality
since 1979 for all ages. Hence, the future population
development is not certain and this is often illustrated
by making alternative sets of assumptions and projec-
tion variants. A systematic way of quantifying uncer-
tainty is stochastic population projections (2,4-6).

Second, population projections can be used to study
implications for the age structure of possible policy
changes: To what extent is it, for example, possible to
stop or slow down population ageing by attempting to
affect the demographic components, that is: fertility,
mortality, immigration and emigration? One issue is
the feasibility of policies, such as policies to increase
fertility through economic incentives or policies to
increase (or decrease) immigration. Another issue is
how large the policy effects would be, if any. With re-
gard to the theme of this article, however, it is not like-
ly that policies to slow down mortality improvements
to lessen population ageing will be introduced, but in-
directly many policy decisions are made that affect life
expectancy, such as the size of the health budget and
actions to reduce smoking and traffic accidents.

Third, projecting a population requires a forecast or
projection of mortality, including the life expectancy.
Such projections are also used for other purposes: One
example is the estimation of individual old age pen-
sions, which in the reformed Norwegian pension system
introduced in 2011 are adjusted for increases in the life
expectancy. The social security administration NAV
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uses mortality projections of Statistics Norway in a web
based programme where people can find estimates of
their own future old-age pension, depending on their
age and previous income. A related example is estima-
tion of future pension expenditures, where the micro-
simulation model MOSART is used (7). Another ex-
ample is estimation of life insurance tariffs by life
insurance companies. A fourth example is the use of
estimates of expected remaining years of life in legal
divorce and inheritance cases in court. Finally, many
people find it interesting to learn how long they can
expect to live when future improvements are taken into
account.

In this article we will use population projections
made by Statistics Norway to study population ageing
and the effects of different mortality assumptions.
Statistics Norway has a long experience in making
population projections, beginning in the 1960s. The
projections were for a long time produced and pub-
lished approximately every three years but have been
made annually since 2008, mainly due to the rapid
increase in immigration. The projections are now made
by age, sex, region (municipality), immigration cate-
gory, and country background and duration of stay in
Norway for immigrants (8). Projections by marital
status and household composition were made several
years ago (11,12) and recently revised by Alho and
Keilman (5). Most of the material in this article has
been published previously in Norwegian (8,9,10). The
development of mortality and age structure in Norway
has been projected by Statistics Norway for a long
time and is similar to projections in many other indus-
trial countries, especially the Nordic countries.

METHODS

The most common method for making population pro-
jections is the cohort-component method, which pro-
jects a population distributed in groups, usually by age
and sex. The method was gradually developed from
the end of the 19" century until the middle of the 20™
century (13). To project a population we need to make
assumptions about the future development of sex- and
age-specific fertility, mortality and migration rates (or
probabilities). This is usually done by extrapolating
observed trends and not by explanatory models. (An
exception is the projection of immigration flows to
Norway based on an econometric model (14,15)). When
we project mortality we do not incorporate epidemio-
logical processes, such as cause of death, the influence
of obesity and smoking on mortality, or the prospects
for longer life through gene technology. These rela-
tionships are not well established and it would also be
a problem to make good forecasts of these factors (16).
Thus, we rely on extrapolating previous mortality
trends, as most other projection producers do.

A number of difficult questions arise when we are
going to project the mortality to be used in population
projections. The general question is for how long and
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how fast the life expectancy will continue to increase:
Will it continue to increase as it has done for about
200 years? Or are we now approaching the end of this
golden era? People cannot live forever but it is diffi-
cult to tell when the increase will cease. Demographers
have repeatedly been wrong on this in the past (17).
The mortality decline for infants and children may
soon come to an end, as it is now close to zero — but
the same has been said before. Further increases in life
expectancy require that the death rates of the elderly,
especially over age 70, decline substantially. However,
the mortality development for the elderly has been
uneven, with strong declines for the young elderly but
little or no decline for the oldest old (90+).

The methodology for projecting future death rates
and life expectancy in Norway has gradually become
more sophisticated, both as a result of realizing the
complexity and uncertainty of the trends and due to
methodological developments (18). In the projections
made in the 1960s and 1970s the death rates were kept
constant throughout the projection period (19). The
reason for this was probably the stagnating life expec-
tancy for males in the 1950s, as shown in figure 1. A
declining mortality trend for the entire projection peri-
od was introduced for the first time in the 1987 projec-
tion and alternative sets of assumptions about the fu-
ture development came in 1993. Age- and sex-specific
reductions in future death rates that yielded assumed
life expectancies were introduced in 1999. Most of
these changes were made because it was realized that
mortality had been systematically overestimated in
population projections, and that there were strong and
persistent differences in the age and sex patterns of
mortality decline. It is perhaps surprising that it took
so long to realise this.

To achieve more systematic forecasts of the future
mortality, the Lee-Carter method was introduced in
Norway in 2005 (20). This method utilizes long time
series of death rates to estimate a small number of pa-
rameters for the time trend and the age pattern of mor-
tality (21). The estimates are used to make forecasts of
the death rates and consequently of the life expectancy
at birth (and at all other ages). The analysis is usually
done separately for men and women. The method is
used in many countries and provides plausible fore-
casts of the life expectancy. A weakness of the method
is, however, that it is rather sensitive to the choice of
observation period: If the observation period is changed
the estimates and consequently the forecasts may
change significantly. This is illustrated by the graphs
in figure 2.

For example, in the first half of the 1900s the mor-
tality decline was particularly rapid for ages below 40,
for both sexes, whereas there was little or no change
for ages over 80, see the first panel in figure 1. It is not
clear whether the apparent increase for ages 95-100 is
real or due to data issues. During the second half of the
past century, the decline was still rapid for children
below 10, but there were significant declines for ages
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Figure 1. Life expectancy at birth based on observations and projected, 1825-2100. Source: Statistics Norway
(36) for 1821-1840 and Mamelund and Borgan (35) for 1846-1994, updated with more recent observations.
The estimates for 1821-1840 are only available for ten-year periods and consequently look more regular than
estimates for years after 1846, for which annual deaths by age and sex are generally available.

30-90, especially for women, see the second panel. In
the first decade or so of the current century, there has
been a small but similar decline for men of almost all
ages, as shown in the third panel. For women the chan-
ges have been more irregular, especially below age 40,
but this is probably due to the small number of deaths
in these ages, which may change from year to year due
to random factors.

Thus, the choice of the observation period is impor-
tant for the results, because the age structure of morta-
lity may change over time and because the time trend
may be non-linear (22). Using observations since 1900
would underestimate the declining mortality for the
elderly when projected into the future. It is, however,
possible to adjust the parameters to obtain results that
are more in line with other knowledge about mortality
trends.

For projections made in the period 2005-2010 all
observations available after 1900 were employed, i.e.
1900-2009 for the 2010 projections. However, due to
the concerns discussed above only observations since
1950 were used in the most recent projections (made
in 2011 and 2012). This may violate some basic pro-
jection principles: First, that the observation period
should be at least as long as the projection period, and
second that “For time series, use all available time pe-
riods unless a strong a priori case can be made that a
discontinuity has occurred” (23). The introduction of
penicillin around 1950 may be seen as representing such
a discontinuity. As in previous projections we assume
that life expectancy at birth will continue to increase,
as it has done steadily for almost two hundred years
(17). We use the same mortality estimates for all groups,
i.e. immigrants, their children born in Norway, and the
population without any immigration background.

RESULTS

Mortality and life expectancy trends

The life expectancy at birth has increased from about
45 to about 80 years in the past 200 years (Figure 1).
The early increase was mostly related to improved
standard of living, including better nutrition, and better
public and private hygiene (24). Improved medical ser-
vices and medical technology, including vaccinations,
have gradually played a more important role for the
development. In recent years life style changes are
contributing significantly to the increasing life expec-
tancy. Smoking is, for example, believed to be the main
cause of the decline in male life expectancy in the
1950s and 1960s. Men started to smoke before women
(25) but they also quit smoking before women, which
has contributed to a faster increase in life expectancy
for men than for women in the past decades. In the
past ten years the life expectancy at birth has increased
by 2.8 years for men and 1.9 years for women, i.e. a
gain of about a quarter of a year per year. This is
approximately the same as the gain in the record life
expectancy in the world for the past 160 years (17).
Figure 1 also shows the most recent life expectancy
projections. In the medium alternative, life expectancy
for men is assumed to increase from 79.0 years in
2011 to 89.5 years in 2100 and for women from 83.4
years in 2011 to 92.5 years in 2100. These levels are
very high, especially for men, and much higher than
ever recorded in any country in the world. We notice
the curvilinear development of the life expectancy,
with a slightly slowing growth, due to the properties of
the Lee-Carter model. Because of the great uncertainty
about the future development, alternative estimates
have been made. In the low variant it is assumed that
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Figure 2. Annual mortality change by sex and age during three time periods, 1900-2011" Per cent decline per
year of death probabilities graduated by a 3-term moving average. Source: Mamelund and Borgan (35) updated

with more recent observations from Statistics Norway.

life expectancy will increase to 83.8 years for men and
84.6 years for women in 2100 and in the high alterna-
tive to 92.8 years for men and 96.1 years for women.
The faster growth of the life expectancy for men than
for women in recent decades has caused the difference
to decline from nearly 7 years in the 1980s to about 4.5
years in 2011. In the projections this difference is ass-
umed to decline to between 0.8 and 3.3 years in 2100.
Higher ages have also experienced increasing life
expectancies, after the temporary decline for men in
the 1950s and the 1960s, especially for 70-year olds
(Figure 3). A 70-year old man or women can now
expect to live until he or she is 86 years (both sexes

combined), an increase of 4 years for men and 6 years
for women since 1950. Although the increase in life
expectancy for older people has been significant in
recent years, it has been rather small for the oldest old,
especially for 90-year old men, who can now expect to
live to 93.8 years, only 0.7 more years than in 1950,
whereas women can expect to live to 94.4 years, 1.2
more years than in 1950. It is not clear why the life
expectancy has increased so little for the oldest old.
This may be due to selection effects caused by medica-
tion and other factors that prevent people from dying
at younger ages. Previously, perhaps only the sturdiest
survived to such old age. For further increases in the
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Figure 3. Expected remaining life time at ages 70, 80 and 90 years, 1950-2011. Source: (10).

life expectancy at birth, the mortality of relatively old
people would need to decline significantly, as the
mortality of young people is now so low that further
declines will have little effect on the life expectancy.
With no deaths below age 50, for example, the life
expectancy at birth would be higher by only 1.9 years
for men and 1.2 years for women (based on period life
tables for 2011). Based on previous observations and
projections we find that cohorts that are now retiring
will experience substantially higher life expectancies
than those based on the most recent observations of
period mortality data. Cohorts born between 1925 and
1942 will probably live 1.5-2 years longer after age 62
than the observations-based period life expectancy at
age 62 for these cohorts (26).

Growth of the elderly population

The demographic transition has played an important
role in the ageing of the population, as in all other
countries (27). The demographic transition is usually
described as a process where death and birth rates pass
through four stages: In the pretransitional stage death
and birth rates are high and the age structure is young.
In the second stage the death rate starts to fall, in
Norway about 200 years ago, especially for infants and
children, which initially leads to a younger age
structure. In the third stage the birth rate begins to fall,
in Norway at the end of the 19" century, which leads
to an older population. This population ageing is
accentuated by declining mortality among adults and
the elderly in the fourth stage, where both death and
birth rates are low, but not necessarily constant, and
the population size grows slowly or declines.

The age distribution of the Norwegian population
has undergone significant changes (Figure 4). In 1950,
persons aged 67 years and older, made up 7 per cent of
the total population. Since then the share has grown to

11 per cent (from 264 000 to 654 000 persons). For
older age groups the trends are even more striking:
Persons 80 and older quadrupled from 1950 to 2012
(from 55000 to 220 000), and persons 90 and older
increased by a factor of 8 (from 5 000 to 40 000). The
proportion of very old in the total population has also
increased significantly: 80 and over from 1.7 to 4.4 per
cent, and 90 and over from 0.1 to 0.7 per cent.

The speed of the aging process depends on the mea-
sure we look at, i.e., absolute or relative measures, and
which ages we consider. These choices again depend
on the issues we are interested in. If we are concerned
about old age pensions, we should look at ages above
62, 67 or 70. For many health issues ages over 80 are
perhaps the most relevant. This age group currently
grows rather slowly and may even decline in the next
years due to small cohorts born in the 1930s. But in
about ten years, when the post war baby boom cohorts
are turning 80, the number of persons over 80 will
grow very fast, with 6-7 per cent per year in 2025-
2029, resulting in a quadrupling in this century (Figure
4). The number of persons over 90 will grow even
faster — by a factor of ten before 2100. In general we
observe that the older the age the higher the relative
growth: In this century the number of centenarians will
increase by a factor of 17. The uncertainty is large,
however, as according to the low-growth variant this
number will grow by a factor of “only” 3 and in the
high variant by a factor of fully 50. In absolute num-
bers, the number of centenarians was 736 at the begin-
ning of 2012 and will grow to 12 500 (medium variant)
in 2100. Thus, a rather exotic age group with different
needs and challenges is becoming increasingly com-
mon.

A summary indicator of the age structure of the
population is the old age potential support ratio (PSR),
which is defined as the ratio of persons in labour-force
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Figure 5. Potential old age support ratio, 1950-2100. Ratio of persons 19-66 to persons 67 and over,
population projections 2012-2100 from Statistics Norway.

ages relative to the number of persons in pension ages.
This is a pure demographic ratio. There is obviously a
substantial number of persons in the labour force who
are not working, for various reasons, and many people
in the older group who are working. It is nevertheless
a useful measure. The PSR is shown in figure 5, where
the working ages have been fixed at 20-66 years and
the non-working ages to 67 and over (the previous
normal pension age in Norway). This ratio is now 4.7,
implying that there are roughly 5 persons for each
elderly person to provide health and other care to the

elderly (as well as providing goods and services to
everybody). This ratio will decline to only 2.1 in 2100,
according to the main projection variant.

If the age used to compute the potential support ratio,
which can be interpreted as a proxy for the pension age,
is increased, the support ratio would increase. What
would the pension age have to be to keep the PSR, say,
at the 2012 level of 4.7 or higher? (Similar analyses of
the retirement age have been done before, see (28,29).)
The results from the most recent main projection vari-
ant from Statistics Norway shows that the pension age
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Figure 6. Pension age required to keep the old age potential support ratio at the 2012 level, according
to the 2012 main population projection variant from Statistics Norway.

would need to increase to 68 in 2013, 69 in 2018, 70 in
2023 (i.e. to the current maximum pension age), and
further to 78 in 2078 and 79 in 2100, as shown in fi-
gure 6. If, on the other hand, the goal would be to keep
the PSR at the lowest level ever observed in Norway
so far, 4.1 in 1990-1993, the pension age would have
to increase to “only” 76 years in 2073 and 77 years in
2096. If, on the other hand, an increasing number of
people retire at the minimum pension age of 62, as in-
troduced in the new pension system in 2011, the sup-
port ratio would deteriorate further, to only one person
of working age for every person of pension age.

DISCUSSION: WHAT CAN WE LEARN ABOUT
POPULATION AGEING FROM POPULATION
PROJECTIONS?

Using population projections from Statistics Norway,
we have demonstrated the strong effect of mortality
decline on population ageing, both in terms of the
number of elderly persons and their proportion of the
total population. Several lessons on population ageing
may be learned from the population projections pre-
sented here.

Past changes in the number of births, especially the
low numbers during the depression in the 1930s and
the baby boom right after the Second World War and
in the 1960s, strongly affect current and future ageing.
The number of persons 80 years and older, for examp-
le, will decline slightly during the next 4-5 years and
begin to rise sharply around 2023, as illustrated in fig-
ure 4. The number of persons 90 years and older, which
has never declined due to the continuous improvement
in survival, will increase strongly after 2030.

The ageing of the population will occur regardless
of the (reasonable) assumptions made about the future

trends of the projection components, i.e. fertility, mor-
tality, immigration and emigration. This finding is sup-
ported by stochastic population projections for Norway
(6), but uncertainty remains about the exact magnitude
of the future trends and levels of the age structure. Not
surprisingly, mortality trends play an important role in
the ageing process. For example, the population projec-
tion made in 2005, the first time the Lee-Carter model
was used, underestimated the number of persons 80
and over by 8 000 in 2012, or 4 per cent, only 7 years
later, according to the main variant. From 2012 to 2050
the number of persons 80 years and older will increase
from 220 000 to 570 000, i.e. more than doubling, acc-
ording to the most recent main variant. A slower life
expectancy improvement would reduce this number by
about 100 000 and a faster improvement would increase
it by 100 000. It is also interesting to look at the rather
unrealistic alternative with no life expectancy improve-
ment, i.e. constant mortality. In this case the growth in
the number of persons 80 and over is reduced by more
than 150000 (or 27 per cent) as compared with the
medium variant. The number of persons 80 and over
will nevertheless almost double to 2050.

An important issue is to what degree public policies
may stop or reduce population ageing. The potential for
doing this through the demographic components is very
limited: First, the old age potential support ratio will
decline regardless of realistic future paths of the demo-
graphic factors determining it. Second, higher fertility
and immigration levels will contribute to a slightly
younger population and increase the ratio marginally,
but not stop the downward trend. Third, policies to stop
the immigration surplus will have a significant effect
on the support ratio, reducing it to less than 2, but in an
undesirable direction. Fourth, keeping the life expec-
tancy constant would also have a significant effect on
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the PSR, lowering it to “only” 3.5 in 2100. A policy to
stop further mortality reductions is unlikely to get any
support, however. Thus, we conclude that there is no
demographic solution to the ageing problem.

There is, however, one factor that may make the age
distribution less challenging for the welfare state, name-
ly the pension age. The analysis in the present article
indicates that a future retirement age of well into the
seventies (78 years or more) would be necessary to
sustain our current PSR of 4.7. This average retirement
age is probably not very realistic, although the improv-
ing health among the elderly in the past decades may
support a higher pension age in the future than today.
However, this “experiment” illustrates how important
it is that people stay longer in the work force. Retiring
later is not only good for the ratio of the working to the
non-working population. It has also been shown that
persons who retire late have lower mortality than
persons who retire early (30). Note that the interpreta-
tion of this pension age is de facto or average pension
age, not the formal pension age. The actual pension
age in 2005 has been estimated at only 63.1 years (31),
which is 4 years less than the general pension age of
67 and one year more than the early retirement age of
62, which all employees in the public sector and about
half the employees in the private sector were entitled
to. If an increasing number of people would retire
earlier (e.g. at the minimum pension age of 62), the
support ratio would deteriorate further. This would
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pose direct challenges to the sustainability of the Nor-
wegian welfare state (33).

Although it is certain that there will be rapid popu-
lation ageing in the future, there remains considerable
uncertainty about the actual levels of ageing due to a
lack of understanding of mortality trends and differen-
tials according to region and social class. In Norway,
the life expectancy difference between the counties of
Sogn & Fjordane and Finnmark is 3-4 years for males
and 3 years for females, and it has been like this for at
least 30-40 years. For the boroughs of Oslo there are
large differences between the life expectancy in the
inner city (such as Sagene) and the suburban parts
(such as Vestre Aker), with an estimated difference of
up to 12 years for males. There are also significant
social class differences in life expectancy that do not
seem to vanish, such as by occupation (34,35) and edu-
cation. An important question therefore remains: Can
we achieve substantial future life expectancy increases
without first reducing regional and social class diffe-
rences? If we want to keep up the Norwegian welfare
state at the current level, for people of all ages, it looks
like the only solution would be to improve the health
of the elderly, which is an important goal in itself, and
to stimulate people to work longer.
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