
20th International Scientific Conference AMSE
Applications of Mathematics and Statistics in Economics 2017

Szklarska Poręba, Poland 30 August 2017 – 3 September 2017

117

PENSION AGEWHICHWOULD GUARANTEE STABILIZATION
OF THE OLD AGE DEPENDENCY RATIO

TOMÁŠ FIALA, JITKA LANGHAMROVÁ
University of Economics, Prague, Faculty of Informatics and Statistics

nám. W. Churchilla 4, 130 67 Praha 3, Czech Republic
email: fiala@vse.cz, langhamj@vse.cz

Abstract

According to the current legislation the statutory retirement age in the Czech Republic should
permanently increase with constant increment 2 months for each subsequent generation. This
fact is very often criticized by both politicians and experts. A proposal of halting the rise in
retirement age in 2030 at the threshold 65 years is discussed in the Parliament this year.
The main reason for increasing the retirement age in the Czech Republic since 1995 was to
eliminate the consequences of population ageing for increasing financial burden of the
pension system. Because of this permanent increase the proportion of population size in
retirement age and population size in productive age (old age dependency ratio) would be not
so rapidly growing after 2040 when numerous generations born in the 70th will retire.
The paper presents computations of the old-age dependency ratio in the Czech Republic for
various variants of development of fertility, mortality, migration and retirement age in the
case of the Czech Republic and for each variant also the retirement age threshold (changing
in time) which would guarantee stabilization of the old-age dependency at its present time
value.
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1. Introduction

The ageing of populations is undoubtedly a topic very often discussed not only by
demographers, economists and sociologists but also by politicians as well as by general public.
Population ageing brings serious economic consequences. As a consequence of the
prolongation of life and the relatively low fertility there is an increase taking place in the
proportion of seniors in the population. The result of this will understandably be a growing
burden on the old-age pension and health care systems (e.g. Bloom, Canning, Fink, 2010).

The old-age-pension system in the Czech Republic is based mainly on so called pay-as-
you-go principle. A very important indicator of the financial burden and sustainability of the
pension system is the value of the proportion of people in retirement age and people in
productive age (old-age dependency ratio) and expected future development of its value. At
present times, the lower bound of the productive age is usually 20 years (instead of 15 years
before). The upper bound is very often considered to be the age of 65 years, which is (or was
until recently) the usual retirement age in many European countries. From the economic point
of view an important boundary is the age when there is usually entitlement to an old-age
pension (hereafter referred to as retirement age).
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In the Czech Republic, the retirement age is rising steadily since 1996 and according to
present legislation (Sbírka zákonů, 1995) and its latest amendment the rise will continue until
2030 when the threshold 65 years will be reached. Therefore, in this paper an adjusted old-age
dependency ratio will be considered with lower bound of productive age at 20 years and upper
bound equal to the actual retirement age at the time considered. The value of the adjusted old-
age dependency ratio is then of course affected not only by the age structure of the population
but also by the retirement age threshold. Taking into account the actual retirement age will
change the result values and trends of many characteristics of the financial burden of the
pension system. See, e.g. Fiala (2013). (Another alternative limit for old age proposed
changing in time is, for example, that age at which the average remaining life expectancy is
equal to 15 years – Sanderson & Scherbov, 2010).

In the Czech Republic in the second half of the previous century the retirement age
threshold was relatively low. For males it was 60 years of age (with lower threshold for
several special professions – pilots, miners etc.). The retirement age for females was
differentiated by the number of their children since 53 (5 and more children) until 57
(childless). Females with 2 children (which was the most frequent case) had retirement age 55
years. Despite the unchanged value of retirement age threshold, the value of adjusted old-age
dependency ratio has been in the seventies, eighties and early nineties of the previous century
relatively stable. The main reason was the fact that the numerous generations of seniors born
before the First World War were gradually dying and at the same time numerous cohorts born
after the Second World War reached the productive age. Moreover, the life expectancy
remained almost unchanged during this period (Arltová, Langhamrová, Langhamrová, 2013).

After 1990 emerged tendencies that the retirement age in the Czech Republic should be
increased to the level usual in most European countries (65 years) and the threshold for males
and females should be unified. At the same time, demographic prospects showed that
preserving the retirement age threshold at the current relatively low age would give rise to the
rapid increase of the old age dependency ratio and thus to the rapid increase of retirement
pensions expenses.

According to the new legal arrangement (Sbírka zákonů, 1995) of the pension system the
retirement age in the Czech Republic started to rise in time since 1996 by 2 months form
males and 4 months for females for each subsequent year of births. The period of this rise was
several times prolonged. One of the latest novels (Sbírka zákonů, 2011) prolonged the
growths of retirement age permanently without any upper limit of retirement age. E. g.
persons born in 2013 should have retirement age 73 years, persons born in 2025 retirement
age 75 years etc.

The idea of permanent rise of retirement age regardless of the development of life
expectancy was often criticized by some politicians. They argued that theoretically it could
happen, if the growth of life expectancy would slow down or stop, that in the future many
people would not even reach retirement age or would receive a pension only for a relatively
short period of time.

One of the themes dealt with in 2014 by the Expert Committee on Pension Reform of the
Czech Republic was the adjustment of the age limit for retirement in the Czech Republic.
Completely halting any further rise in retirement age after reaching a certain limit (such as 65
years), as proposed by some political parties, would not, however, considered to be suitable.
The Council of the European Union, recommends the Czech Republic to Ensure the long‐term
sustainability of the public pension scheme, in particular by accelerating the increase of the
statutory retirement age and then by linking it more clearly to changes in life expectancy. (EU,
2014, p. 15). According to the present projection of the population of the Czech Republic
(CZSO, 2013) and other prognoses (e.g. Burcin, Kučera, 2010), it is expected that in the
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Czech Republic there will be a permanent rise in the life expectancy throughout the present
century. The continuing rise of the retirement age is thus in accordance with the
recommendation of the European Council.

The Expert Committee on Pension Reform therefore finally approved the recommendation
that the retirement age (which should be the same for both men and women) and, as hitherto,
should depend on the year of birth of the individual. The value of the retirement age for
persons born in 1966 and later should in this case be determined so that people reaching
senior age should receive an old-age pension on average for the last quarter of their lives
(Expert Committee, 2014). For the generations born before 1966 the retirement age should
continue to be in accordance with the present legislation, where for every generation of
succeeding year of birth the retirement age rises (in comparison with the preceding year
generation) for men by 2 months. For women (which have at present time still lower
retirement age then males) the rise is by 4 months, after 2019 by 6 months until they reach the
level of men. Men born in 1965 should thus retire at the age of 65 years, women with 2
children at 64 years 8 months.

But the final version of the amendment of the law concerning old age pension assumes to
stop the rise of retirement age over 65 years after 2030 (Poslanecká sněmovna, 2016). The
computations of the retirement age which would lead to receive an old-age pension on
average for the last quarter of senior’s lives would be carried out regularly each five years, but
they will serve only as information for the Government. This amendment has been passed by
the Parliament of the Czech Republic in 2017 and it will come into force soon.

This paper presents computation of the future development of the adjusted old-age
dependency ratio for the Czech Republic until 2100 based on several variants of population
projection using latest available data. The retirement age until 2030 is supposed to grow to 65
years according to current legislation and its latest amendment mentioned above, after 2030
three variants of its future development are assumed. The main goal is to show the impact of
further increasing fertility and migration in the future for development of the value of the old-
age dependency ratio. Retirement age which will guarantee stabilization of this ratio has been
calculated, too.

2. Population projection and scenarios of its individual variants

The projection was calculated by the standard component method (e.g. Bogue, Arriaga,
Anderton, 1993) with a simplified model of migration. We are considering only immigration
which volume in individual years is equal to the assumed net migration. The initial age
structure for the projection was the sex-and-age composition of the population of the Czech
Republic as of 1.1.2017. The sex-and-age structure of net migration is assumed to be the same
as in the period 2012–2015.

The projection scenario proceeded from the scenario of the latest population projection of
the Czech Statistical Office (CZSO, 2013). It has been changed taking into account
demographic development in 2013–2016 where mainly the rise of fertility but also the rise of
migration was much higher than the projection assumed.

The aim of the computation was to show the impact of fertility and migration on the future
development of old-age dependency ratio. Thus we considered only one scenario variant for
the development of mortality. Due to the fact that the development of mortality during last
years did not differ too much from medium variant scenario of the CZSO we used this
scenario without any change.

On the other hand, the level of total fertility rates during last years were much higher than
assumption of the CZSO projection. According to the preliminary statistical balance the total
fertility rate went up above 1.6 children per woman in 2016 (CZSO, 2017) which is the value
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assumed in the CZSO projection only after 2050 just in the high variant. In our fertility
scenario, we thus supposed in the low variant maintenance of the total fertility rate at present
level (1.6), moderate gradual increase up to (1.75) until 2040 for the medium variant and
higher increase up to 1.9 in the high variant.

The average annual net migration was about 19 thousands persons during the period 2014–
2016. We assumed constant annual net migration since 2020. For low variant 15 thousands
persons per year, for medium variant 25 thousands and in the high variant 40 thousands.

Table 1 shows more detail information of the projection scenario used.

Table 1: Scenarios of mortality, fertility and net migration

Variant 2016 2020 2030 2040 2050 2060 2070 2080 2090 2100
Life expectancy – males

medium 76.0 77.0 79.5 81.3 83.0 83.7 84.4 85.2 85.9 86.6
Life expectancy – females

medium 81.8 82.8 85.1 86.6 88.0 88.6 89.2 89.9 90.5 91.1
Total fertility rate

low 1.6p 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60
medium 1.6p 1.65 1.70 1.75 1.75 1.75 1.75 1.75 1.75 1.75
high 1.6p 1.70 1.80 1.90 1.90 1.90 1.90 1.90 1.90 1.90

Net migration (thousands)
low 20.1p 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0

medium 20.1p 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
high 20.1p 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

p preliminary data Czech Statistical Office
Source: Life expectancy – Czech Statistical Office data. Fertility and migration – author’s assumptions

Apart from medium variant of projection (assuming medium variants of mortality, fertility
and migration) four following variants were calculated: low variant proposing low fertility
and migration, high variant with both high fertility and migration and moreover the variants of
low fertility and high migration and finally vice versa the variant of high fertility and low
migration. Overview of all variants of scenarios and their characteristic parameters presents
Table 2.

Table 2: Variants of population projection

Variant of fertility Variant of migration
Total fertility

rate
since 2040

Annual net migration
since 2020 (thousands)

medium medium 1.75 25
low low 1.60 15
high low 1.90 15
low high 1.60 40
high high 1.90 40

Source: author’s assumptions

3. Assumed development of retirement age

Until the end of 1995 the retirement age threshold in the Czech Republic was relatively
low: 60 years for males and 53–57 years for females (depending on the number of children
they brought up). Females with two children had retirement age 55 years. Since 1996 then
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there has been enacted gradual rise of the retirement age: by 2 months for males for each
subsequent year of births, for females the rise was 4 months (since 2019 will be 6 months)
until they reach the level of males. In 2030 the retirement age threshold for males will be
exactly 65 years as well as for childless females or females with 1 child. Females with more
children will reach the level of males several years later.

According to the current legislation (still in force) the retirement age should continue to
rise without any limit (e.g. persons born in 2025 should have retire even in 2100 at the age of
75.). But in April 2017 the Parliament of the Czech Republic passed an important change of
this legislation that the rise will be terminated after 2030 when the threshold of 65 years will
be reached. The change will come into force soon.

At the same time, there was passed the proposition to calculate the retirement age after
2030 in such a way that the value of the retirement in the future should be determined so that
people reaching senior age should receive an old-age pension on average for the last quarter of
their lives (Poslanecká sněmovna, 2016). But this computations will have only informative
character, they do not undertake the Parliament to change the retirement age in such a way.

That is why we shall consider in our projection 3 variants of retirement age development
after 2030 (until 2030 we suppose the rise up to 65 years by current legislation) (See Fig. 1)

a) Prolongation of the rise according to “old” legislation up to 75 years in 2100.
b) Retirement age defined so that people reaching senior age should receive an old-age

pension on average for the last quarter of their lives.
(rise according to current legislation until 2040, subsequently slowdown of the rise
to 15 days for each subsequent year of births – Fiala, Langhamrová, 2015).

c) Retirement age equal 65 years since 2030 until 2100.
Figure 1: Variants of development of retirement age

Source: Law No 155/1995, authors’ computations.

Due to the long-term change of retirement age in the Czech Republic the standard upper
bound of productive age (65 years) is very misleading. We shall thus consider the upper
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threshold of productive age to be equal to the retirement age at the given moment according to
variant supposed. For the sake of simplicity, we assume that every woman brought up two
children. The lower bound of productive age was 20 years. If the value retirement age was not
integer we divided the persons at the age equal the integral part of retirement age into
“productive” and “post-productive” using linear interpolation.

The number of persons in productive age at time t has been computed by the following
formula (separately for males and females)
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where
St,x is the number of persons of the age x at time t,
rt is the retirement age at time t, [rt] denotes its integer part,
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E.g. if the retirement age would be 60 years 4 months then 1/3 of people at the age of 60 are
classified to productive age while the rest 2/3 belong to post-productive age. Mid-year
population of productive, post-productive age, respectively ( tL , tR ) is then calculated as the
arithmetic mean of population as of the 1st January in years t and t+1.

The adjusted old age-dependency ratio has been then calculated for each year t as the
proportion of mid-year post-productive and productive population

t

t
t L

RAOADR  , (3)

where t denotes the population in the as of 1st January in the year t. It is a (very rough)
indicator of the financial burden of the pay-as-you go pension system in the year t.

Changes in the population age structure may cause fluctuations of the values of old-age
dependency ratios in time. To eliminate these fluctuations, we have computed also the values
of average adjusted (cumulative) old-age dependency ratio for a time period t0–t
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4. Development of the old-age dependency ratio in particular variants of demographic
development and retirement age

Rise of total fertility rate to 1.75 together with annual net migration 25 thousand persons
(medium variant) would be sufficient for sustainable development of the population size. The
number of inhabitants would fluctuate between 10.5 and 11 million. If the net migration will
be lower (15 thousand per year only), higher increase in fertility (TFR up to 1.9) will be
necessary for sustaining the population size at present level. High net migration (40 thousand)
would increase the population size almost to 12 million even if the fertility will remain at
present relatively low level. Low fertility and low migration would result in the gradual drop
of population size below 9 million while high migration in combination with high fertility
would cause relatively high increase of the number of inhabitants over 14 million (Fig. 2).
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Termination of the rise of retirement age at the age level 65 years in 2030 would result in
high increase of the adjusted old-age dependency ratio after this year. The ratio would reach
maximal values in the fifties; while all the numerous cohorts of inhabitants born un the
seventies will after 2040 gradually reach the retirement age. Even in the high variant the ratio
would be almost 55% while in the low variant the value will be about 66%. The following
drop will be only modest and in the end of the century the values of the ratio would be about
45–62% depending on the variant of demographic development (Fig. 3). It means that the
number of old-age pensioners per 100 persons in productive age would be in the medium
variant by about 30% higher than at present time, in the minimum variant even more than by
50% higher which will in proportion of this increase the burden of the pension system.
Because of the fact, that the proportion of employed persons among persons in productive age
is about 70–80% there will be almost 1 old age pensioner to 1 employed person in the
minimum variant.
Figure 2: Population size

Source: authors’ computations.

The value of cumulative adjusted old-age dependency ration would in the second half of
the century be about 45–55% (Fig. 4) which means that in the period analyzed the expenses
for old-age pensions would be about 15–35% higher than in 2015.

After slowing down the rise of retirement age after 2040 (at the age level over 66 years) –
to fulfill the criterion that the average period of the old-age pension receipt should be about ¼
of the total lengths of senior’s life – the rise of the adjusted old-age dependency ratio values
will be by far not so high as in the previous case. Its maximal values would reach about 47%
(high fertility and migration variant) to 58% (low variant) and after they will drop by about
5 percentage points to 35–50%. In the medium variant as well as for the combination of high
fertility and low migration or vice versa the values of the ratio in 2100 would be only a little
bit higher than at present time (Fig. 5). In the low fertility and low migration variant the
number of old-age pensioners per 100 persons in productive age would be about 20% higher
while in high variant it would be about 10% lower than at present time.
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Figure 3: Old-age dependency ratio for pension age stabilized at 65 years

Source: authors’ computations.

Figure 4: Cumulative old-age dependency ratio for pension age stabilized at 65 years

Source: authors’ computations.
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Figure 5: Old-age dependency ratio for pension age for pension receipt 25% of the life

Source: authors’ computations.

Figure 6: Cumulative old-age dependency ratio for pension age for pension receipt 25% of the
life

Source: authors’ computations.
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Figure 7: Old-age dependency ratio for pension age rising up to 75 years

Source: authors’ computations.

Figure 8: Cumulative old-age dependency ratio for pension age rising up to 75 years

Source: authors’ computations.
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Due to the increase in the fifties the value of cumulative adjusted old-age dependency ratio
would in the second half of the century be about 40–50% (Fig. 6). The average expenses for
the whole period analyzed for old-age pensions would thus be in the medium variant about
10% higher than in 2015. For the minimum fertility and migration variant they would be
about 20% higher while in the maximum variant their value would be almost the same as at
present time. This variant can thus be considered to bring long-term sustainable burden of the
pension system.

Even the permanent rise of the retirement age until 2100 up to 75 years according to
current legislation (without the amendment mentioned) – the values of the adjusted old-age
dependency ratio values will grow a little bit after 2040 when the numerous cohorts of persons
(born during the baby-boom in the seventies of the previous century) will gradually reach the
retirement age. But the maximal value of the ratio in the low fertility and low migration
variant would not be too much higher than 50% while for the high fertility and migration
variant the value of the ratio would be lower than 45%. The continual raise of the retirement
age will result in relatively rapid drop of the values of the ratio in the late fifties, sixties and
seventies when the numerous generations of the old-age pensioners mentioned will gradually
die. Since 2070 the value of the ratio would be lower than at present time for all variants. In
the end of the century the ratio values would be only about 25–35%. (Fig. 7). It means that the
number of old-age pensioners per 100 persons in productive age would be about 20–40%
lower than at present time.

Due to the increase in the fifties the value of cumulative adjusted old-age dependency ratio
would in the end of the century be a little bit higher, about 35–42% (Fig. 8). Nevertheless it
means that the average number of old-age pensioners for 100 persons in productive age in the
whole period analyzed would thus be in all variants (except that of low fertility and low
migration) lower than at present time and for the low variant mentioned it would be only
about 4% higher.

5. Retirement age guaranteeing stabilization of the old-age dependency ratio

It is clear, that fixed value of retirement age (65 years) since 2030 would result in much
higher values of the average cumulative adjusted old-age dependency ratio (4) until 2100 than
at present times (Fig. 4). On the other hand if the retirement age would continually increase up
to 75 years until 2100, the value of the ratio would be lower (with the exception of the variant
of low both fertility and migration) – Fig. 8. The supposed proposal assuming receipt the old-
age pension on average for the last quarter of the life span seems to be a reasonable
compromise between fixed value of retirement age and its permanent “mechanical” increase
regardless of the development of mortality. The value of the average cumulative adjusted old-
age dependency ratio until 2100 would be a little bit higher than in 2016.

Slight rise in retirement age would thus guarantee that the value of the average cumulative
adjusted old-age dependency ratio until 2100 could be approximately the same as that in 2016.
To fulfill the principle that the time of pension receipt should be a proportion of the total
expected life span, relative (not absolute) increase of retirement age for generations born after
19651 has been applied. At the same the assumption that the difference in retirement age
between neighboring generations will not be higher than 3 months was accepted. The
retirement age guaranteeing stabilization of the old-age dependency ratio for generations born
after 1965 has been thus calculated according to the formula

 )1(;3/1min %25,1   ggg rarara , (5)

1 According to legislation proposed no change of present retirement age for people born until 1965 should be accepted.
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Figure 9: Pension age guaranteeing the stabilization of the old-age dependency ratio

Source: authors’ computations.

Figure 10: Old-age dependency ratio for pension age guaranteeing the stabilization of the old-
age dependency ratio

Source: authors’ computations.
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Figure 11: Cumulative old-age dependency ratio for pension age guaranteeing the stabilization
of the old-age dependency ratio

Source: authors’ computations.

where rag is the retirement age for persons born in the year g, rag,25% is the retirement age
guaranteeing for this generation pensions receipt for the last quarter of the expected life span.
The value of the parameter δ is the (unique) solution of the equation

2016
)(
21002017 AOADRAOADRcum  . (6)

In the variant of low fertility and low migration as well the pension age guaranteeing
stabilization of the old-age dependency ratio had to reach 71 years in 2060 and it would grow
to more than 73 years until 2100. The time of pension receipt would converge to about 20% of
the total life span. For the medium variant the pension age should grow to 69 years until 2050
and continue to grow to 71 years in the second half of this century. The pension would be
received for about 22.5% of the total life span. In the case of high fertility and high migration
no additional increase of pension age would be necessary. After reaching the level 66.5 years
in 2040 it would continue to rise very slowly to 69 years until 2100. The proportion of
pension receipt would be about one quarter of the total life span (Fig. 9).

The differences in values of the old-age-dependency ratio (Fig. 10) are relatively low
because higher proportion of older persons is compensated by rise in retirement age. The
values of cumulative ratio for the whole period of projection 2017–2100 are in all variants
equal to the value in 2016 (Fig. 11). It indicates that the pension age proposed (Fig. 9) would
result in long term stabilization of the old-age-dependency ratio

6. Conclusion

The old-age dependency ratio is of course a very rough estimate of the financial burden of
the old-age pension system of the pay-as-you-go type. While the number of persons in post-
productive age is relatively accurate estimate of the number of persons receiving old-age
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pension, the number of employed persons (paying social security insurance contributions) is
much lower than the number of persons in productive age, especially in higher age groups. In
next decades, the Czech Republic will face the challenge of relatively rapid increase of labor
force older than 50 years of age. (Fiala, Langhamrová, 2014) and it will be necessary to
ensure economic participation of these persons.

Real financial burden of the pension system depends thus not only on the value of the
adjusted old-age dependency ratio but also on the gender and age population structure, on
employment rates, on the average amount and distribution of incomes and pensions, on
inflation rate and pension adjustment in time valorization and of course on the rate of
economic growths. Nevertheless, increase in the value of the old-age dependency ratio
indicates probable increase of expenditures on old-age pensions.

To ensure appropriate pension for seniors is a very important task for social policy. It is
evident that after taking into consideration the raising of the retirement age the given demo-
economic indicators will have completely different values and there will also be a change in
their development trend.

Even though the calculations made are very much simplified, they do capture the main
trends of the development of the pension system and its dependence on the pension age. They
show that the constant raising of the retirement age can, in the long term, contribute in a
promising manner to the financial stability of the present pension system with the medium
variant of demographic development while, on the other hand, permanent fixation of the
retirement age at the level 65 years after 2030 would result in relatively high growths of
expenditures for old-age pensions mainly due to the fact that after 2040 the numerous
generations born in the seventies of the previous century will gradually retire.

First and foremost, however, it is necessary that there should be sufficient suitable jobs for
persons of higher age groups, especially those over 60. Especially in some regions it may be
a little complicated issue. Apart from this it will be essential to resolve the pension security of
persons in professions where the raising of the retirement age over 65 years is not realistic.

The calculations show, according to expectation, the relatively strong dependence of the
burden on the pension system on the future development of fertility and migration. In any case
one of the ways to ensure the stability of the pension system in the future should be (apart
from a suitable employment policy aimed in particular at the older age categories) also a
suitable population and family policy and migration policy. One of the possibilities would be
take into account a greater extent in the pension system the number of properly reared
children, whether in the form of lower payments by parents or higher pensions or perhaps a
combination of the two. Such models have already been proposed.

This would be in accordance with the often-mentioned principle of increased dependency,
for in the current pension system there are two types of merit. Apart from the level of the
payments into the pension system, which ensure the paying out of pensions to existing seniors,
the upbringing of children – future payers – also deserves merit. Apart from this, taking
children more into account would be a logical reaction to one of the causes of the ageing of
the population – the low birth-rate – just as the raising of the retirement age is a logical
reaction to the second cause – growing life expectancy.
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