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Study the Impact on Pension Liabilities as the Age of
Retirement Increases
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improvement in the life expectancy and improvement in the
life expectancy at birth. Besides that, because of the social
reason such as youngsters study for more years and they are
dependent on their parents for a longer period. Thus, many
family budgets get strained today because the main
breadwinner retires before the next generation is settled in
life. In addition, the other reason is because of an upward
revision in the retirement age by several developed and
developing countries. Also, there are financial advantages as
well because an increase in the retirement age will reduce the
impact of the annual pension payout liability for the
government for at least the period by which the retirement
age is raised.
In this study, we want to evaluate how much or how many
percent the pension liabilities of the Government Pension
Scheme will be decreased as the retirement age increases.
Therefore, the main objective of the study is to evaluate the
impact on pension liabilities to the government as the age of
retirement increases from 55 to 60 years in phases of one year
with an option to retire earlier. The study is based on the
Malaysian Pension Schemes and thus the data collected is
from the Pension Department, Public Service Department,
Malaysia.

Abstract—Many proposals to solve the Government Pension
Scheme’s financial problems have suggested that the retirement
age should be increased because the life expectancies are much
higher today. Obviously, we knew that the pension liabilities of
the Government Pension Scheme will be decreased as the
retirement age increases. The objective of the study is to
evaluate the impact on the pension liabilities to the government
as the age of retirement increases. The pension liabilities were
estimated using the closed group approach by estimating the
capitalised future lifetime costs as the age of retirement
increases from 55 to 60 years in phases of one year with an
option to retire earlier. In order to estimate the capitalised
future lifetime costs, we have to estimate the expected number
of pensioners who survive, become disabled or die during their
waiting time by constructing the multiple-decrement table. The
empirical data sets of government employees who retired at age
55 in Malaysia for period of 1991 to 2000 will be considered in
the study. It was found that increasing the retirement age will
give favorable implications of the Government Pension Scheme
in the long term. As a suggestion, the Government Pension
Scheme should consider increasing the retirement age in the
future in order to reduce their costs.
Index Terms—Pension liabilities, closed group approach,
capitalised future lifetime costs, multiple-decrement table.

I. INTRODUCTION
II. LITERATURE REVIEW

Most contemporary research indicates that life expectancy
in most countries is increasing. Since the average life
expectancy tends to increase over time for males and females,
the mortality risk tends to be smaller over time. Therefore, it
is expected that pensioners will live longer and result in an
increase in the pension liabilities of the government. In
addition, due to medical advancement, better standard of
living and working conditions, people are expected to live
longer. Thus, with the present age of retirement, people are
expected to have a longer retirement period than their
working period. The implication is that the government will
have to support pensioners for longer periods during their
retirement. This would certainly increase the financial burden
of the government.
However, there are several reasons gave by other countries
to increase the retirement age such as because of the

Even though the idea of pension liabilities is
straightforward, the subject is often still confusing to
researchers since there are numerous definitions and
measures of pension liabilities for several types of pension
schemes, and these are used for various evaluation purposes.
This section aims to review a number of approaches in the
literature to see how the size of pension liabilities is
estimated, both in developed and developing countries, and
what policy options should be selected to mitigate these
liabilities and to achieve a just generational balance. In the
context of pay-as-you-go (PAYG) pension schemes, studies
have focused on three popular types, namely the open system
approach, the closed group approach and the accrued to date
approach.
The open system approach measures the present value of
liabilities to current pensioners, current contributors, and
people who have not yet entered the labour market (including
children and the not yet-born population). The present value
of all estimated future pension payments including those of
new entrants is compared with present assets. If the
contribution rate is set at the new entrant rate, the relationship
between assets and liabilities of the open system and the
closed system are exactly the same (as the net present value
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important to estimate the capitalised future lifetime costs as
the age of retirement increases from 55 to 60 years in phases
of one year with an option to retire earlier in the year 1991 to
2000 for both males and females. As we know, the pension
liabilities to the government are mainly the pension payments
itself and the gratuities payable to its employees. In the study,
the pension liabilities were estimated using the closed group
approach.
In the calculation of the capitalised future lifetime costs,
the concept of time value of money is necessary. Actuaries
use this concept, together with the concept of probability, in
the calculation of actuarial present values. The procession
makes very wide use of the concept of “present value”, in
which money flows are “discounted”, which is valued in a
current frame by making explicit the time value of money.
Although the rates of interest that money will earn in the
future are not known, problems in compound interest can be
solved by making assumptions as to the future rate of interest.
Once the assumptions are made, numerical results are
obtained with the aid of tables containing functions such
as (1  i)k , v k . Assuming the valuation is done on 1st Jan of
the particular year that we are considering, the model to
estimate the capitalised future lifetime costs for pensioners
who retired at age 55 years can be written as

for new entrants would be zero).
The closed group approach estimates the present value of
pension liabilities to current pensioners and contributors by
assuming that the pension scheme exists until the youngest
contributor dies, with no new entrants. The earliest
comparative study of the impact of ageing on public pension
liabilities, conducted in four Organisations for Economic
Co-operation and Development (OECD) countries
(Germany, Japan, Sweden, and the United States), was
carried out by [1]. The authors measured unfunded public
pension obligations by a closed-group approach. To avoid
the ageing problems, they proposed alternative policy options
such as accumulating funds that would balance revenues and
expenditure, raising the retirement age, and reducing
benefits. [2] also used a closed-group approach in estimating
pension debts for 20 countries in Latin America. Their results
are calibrated, the discount rate being equal to wage growth
rate, indicating that the liabilities are severe even in countries
with young populations and low coverage rates. [3], [4] also
apply a unified methodology and assumptions to this issue,
comparing estimates for 26 countries in the former study, and
35 countries in the latter study. Applying the closed-group
approach, the authors estimate debts in various years during
the late 1990s and 2000 with discount rates of 2, 4, and 5
percent. Their estimates vary between countries, and indicate
that countries with swift demographic transitions and a long
history of PAYG pension schemes will face the most serious
problems. Finally, [5] used a closed-group approach in
estimating pension liabilities, by applying the estimation
methods of [6]. He assumed initially that disability and
survivor pensions, and the practice of using different rules for
males and females, are not considered. In the study, research
was carried out using a closed-group approach.
The accrued to date approach calculates the present value
of future pensions to be paid on the basis of accrued rights,
with further contributions of current contributors and the
accrual of new entrants not considered. This method
computes the present value at the date of calculation of
pensions to be paid in the future on the basis of accrued
rights. It does not take account of possible new obligations or
future income from contributions. This present value is then
compared with the value of the fund‟s assets to see if
minimum funding requirements are satisfied.

N

k 55
Ct55   v k Bi55 L55
i  v Gi

(1)

i 1

where,

Ct55 =Capitalised future lifetime costs for pensioners who
retired at age 55 years at a particular year t,

Bi55 =The amount of annual pensions payment for a
particular pensioner i who retired at age 55,

Gi55 =The amount of gratuity for a particular pensioner i
who retired at age 55,

L55
i =The longevity factor or pension factor for a
particular pensioner i who retired at age 55,

t = year of study, which is year 1991 to 2000,

N = Total number of pensioners in a particular year t, and

k = Year to retire.
In the study, we assume that when a retirement age is
considered, the option to retire earlier will be given like the
existing pension law. For example, the retirement age is 56
years, the option is given for those who want to retire at age
55 years and we present it as 56* . If we increase the
retirement age of 57 years, the options to retire are at ages 55
and 56 years and we present it as 57* . And if we increase the
retirement age of 60 years, the options to retire are at ages 55,
56, 57, 58 and 59 years and we present it as 60* .
We also assume that for the group of pensioners who
choose to retire later, some of them might die or become
disabled during their waiting time. Thus, the decrement
forces involved in the study are only death and disability. For
56* or those who choose to retire at age 56, some of them


III. METHODOLOGY
The past raw data on pensioners were collected from the
Pension Department, Public Service Department, Malaysia.
The referred set was from year 1991 to 2000 and the
information extracted included date of birth, date of entry to
the scheme, date of retirement, date of death, gender, final
monthly basic salary and also information on their
dependants such as date of birth, status and gender.
Adjustment was made whereby persons with unknown date
of birth, date of entry to the scheme, date of retirement, date
of death, sex and final monthly basic salary were excluded
from the data. In the study, we only focused on government
employees who retired at age 55.
In order to evaluate the impact on the pension liabilities to
the government as the age of retirement increases, it is

*

might die or become disabled at age 55. Thus for Ct56 , we
have to estimate the capitalised future lifetime costs for:

Those who choose the option to retire at age 55 [first line
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for j = 0 in (2)],
Those who choose to retire at age 56 [first line for j = 1 in
(2)],
Those who choose to retire at age 56 and die at age 55
[second line in (2)], and
Those who choose to retire at age 56 and are disabled at
age 55 [third line in (2)].

gratuity for a particular pensioner i who survives, dies and
becomes disabled at age x are given as:

Bix , Bixd and Bixdis

Or we can write it in a mathematical model as follows:

*
Ct56

and

 1 k  j 55 j 55 j
 
Li
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G
idis
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Gix , Gixd or Gixdis  0.075  Si  M ix

(2)



where,
Si =The final basic monthly salary for a particular

pensioner i;

M ix =Total completed months of reckonable service for a
particular pensioner i who chooses to retire at age x.
The description for Lix and Ldi ( x) can be found in [8] and

For 57* , those who choose to retire at age 57; some of
them might die or become disabled at age 56 and for those
who choose the option to retire at age 56, and some of them

( x)
[9], while Ldis
is calculated using the disability rates from
i
[10].

*

might die or become disabled at age 55. Thus for Ct57 , we
have to estimate the capitalised future lifetime costs for:

Those who choose the option to retire at age 55 [first line
for j = 0 in (3)],

Those who choose the option to retire at age 56 [first line
for j = 1 in (3)],

Those who choose to retire at age 57 [first line for j = 2 in
(3)],

Those who choose the option to retire at age 56 and die at
age 55 [second line for j = 0 in (3)], and

Those who choose the option to retire at age 56 and are
disabled at age 55 [third line for j = 0 in (3)],

Those who choose to retire at age 57 and die at age 56
[second line for j = 1 in (3)], and

Those who choose to retire at age 57 and are disabled at
age 56 [third line for j = 1 in (3)].
In a mathematical model can be written as:

*

Ct57

 2 k  j 55 j 55 j k  j 55 j

 j0 [v Bi Li  v Gi ] 
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*

In order to estimate the Ctx , we have to estimate the
expected number of pensioners who survive, become
disabled or die during their waiting time by constructing the
multiple-decrement table. In the study, we evaluate a pension
scheme where there are two causes of decrement, which are
death and disability. We assume that the number of these
pensioners forms a closed group. So, there should be no new
entrants and also no re-entrants after retirement. Thus in the
study, a double-decrement table will be constructed. This
double-decrement table is used to find the decrement rate of
death and permanent disability (independent rates) and will
be distinguished to the probability of death and permanent
disability (dependent rates).
The mortality rates, „qx‟ [11] and [12] are used as the
independent rates for death and we denote it as q xd . Since we
do not have data on permanent disability rates because the
incidence of disability is relatively small amongst most
populations, we use the data on Pension Fund Tables from
[10] (where ix is dependent). Then, we must convert it to the
independent rates for permanent disability and we denote it
as qxi . In this calculation, we will use the independent rates

(3)

[ q xd , qxi ] and find the dependent rates of death [ (aq ) dx ] and
*

*

permanent disability [ (aq)ix ] by putting those rates into these

*

Similarly, for Ct58 , Ct59 and Ct60 , we can written as:

two equations:


j
[v k  j Bi55 j L55
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(aq ) dx 


 1 
q xd 1  qix 
 2 
1
1  q xd qix
4

and ( aq )ix 


 1

qix 1  q xd 
 2

1 d i
1  qx qx
4

(5)

where;

(aq ) dx = The probability that a pensioner aged x will die
between exact age x to exact age x+1,

*

where, m = 3, 4, 5 for 58 , 59 and 60 respectively.
Referring to [7], the formulae for yearly pension and
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where,

(aq)ix = The probability that a pensioner aged x will

*

become disabled between exact age x to exact age x+1.
After these rates have been computed, the
double-decrement table can be constructed. The dependent
rates of death and permanent disability for male and female
are computed separately. In constructing double-decrement
table, the radix (al ) x is assumed to be the total number of
pensioners who retire at age 55 in a particular year t. Hence,
the expected number of deaths and permanent disability can
be evaluated by establishing the value of (al ) x ,



life-time costs for x* at a particular year t,




Year,
t
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
Avg

(6)

where,
(al ) x =the total expected number of pensioners who

survive at exact age x,

(ad ) dx =the total expected number of pensioners dying
between exact age x to exact age x+1,

(ad )ix =the total expected number of pensioners who
become disabled between exact age x to exact age x+1.
Once we have the (al ) x , (ad ) dx and (ad )ix , we can simulate
the random number to justify randomly the number of
pensioners will survive, become disabled and die during their
waiting time. But before we simulate the random number, we
give an identity number for each pensioner, which is firstly
we sort all the pensioners according to their final basic
monthly salary (smaller to higher). In the study, we develop
the program to simulate the random number using Microsoft
Visual C++ 6.0 software. When we have justified randomly
the number of pensioner will survive, become disabled and
die, we have been able to compute the amount of yearly
pension and gratuity for a particular pensioner i who
survives, dies and becomes disabled.
For a given cohort of pensioners, we expect that for an

*

PRt56

PRt57

3.39
3.36
3.44
3.50
3.56
3.55
3.55
3.60
3.62
3.64
3.52

5.95
5.90
6.00
6.14
6.23
6.25
6.25
6.30
6.35
6.37
6.17

*

*

AND AVERAGE
*

*

PRtx

*

PRt58

PRt59

PRt60

8.18
8.12
8.26
8.45
8.58
8.62
8.64
8.68
8.78
8.78
8.51

10.17
10.07
10.25
10.50
10.73
10.71
10.75
10.77
10.92
10.91
10.58

11.90
11.78
12.00
12.28
12.49
12.54
12.57
12.60
12.79
12.75
12.37

*

increases. This is because the values of Ctx are decreased as
retirement age increases. Also the average percentage
reduction in estimated capitalised future lifetime costs for
year 1991 to 2000 when 56* , 57* , 58* , 59* and 60* are
considered are 3.52%, 6.17%, 8.51%, 10.58% and 12.37%
respectively. In other words, we can say that the pension
liabilities to the Government Pension Scheme are reduced
around 3.52%, 6.17%, 8.51%, 10.58% and 12.37%
respectively when 56* , 57* , 58* , 59* and 60* are considered.
Thus, if we want more reduction in pension liabilities in the
future, we should consider increasing in the retirement age
for a few more years. For example, increasing the retirement
age by 5 years from 55 to 60 would be similar to a proposal of
decreasing retirement benefits by about 12.37%. However,

*

*

the results shows that the values of PRtx are positive during
period of study, meaning that the pension liabilities to the
Government Pension Scheme always reduce as retirement
age increases.
From Table II, we found that the difference in average
percentage reduction in estimated capitalised future lifetime
costs between an increase of 1 year and 2 years is around
2.65%. And the differences in average percentage reduction
in estimated capitalised future lifetime costs between an
increase of 1 year and 3 years, 1 year and 4 years, 1 year and
5 years are 4.99%, 7.06% and 8.85% respectively. However,
if we made comparisons between an increase in 2 years and 3
years, 2 years and 4 years and 2 years and 5 years, we found
that the differences in average percentage reduction in
estimated capitalised future lifetime costs are 2.34%, 4.41%
and 6.2% respectively. And the differences in average
percentage reduction in estimated capitalised future lifetime
costs between an increase of 3 years and 4 years, 3 years and

IV. NUMERICAL RESULTS AND DISCUSSION
In the study, the financial analysis of percentage reduction
in estimated capitalised future lifetime costs as the age of
compulsory retirement increases from 55 to 60 years in the
phase of one year with an option to retire earlier in the year
1991 to 2000 for both male and female is also evaluated. The
percentage reduction in estimated capitalised future lifetime
costs as the x* increases in year t can be evaluated by

  100



PRtx

Table I show that the percentage reduction in estimated
capitalised future lifetime costs increases as retirement age

increase in x* , the Ctx will be decreased. From (1) to (4),
there are two factors involved in the model. The first is the
increasing factors, which is an increase in gratuity benefits of
an increase in x* . And the other is the decreasing factors,
which is a decrease in the span of pension payments for an
increase in x* . However, we expect the decreasing factors to
be much greater.

 C 55  C x*
*
t
PRtx   t

Ct55


*

*
Ctx = total capitalised future lifetime cost for x at a
particular year t.
*

follows:
(ad )ix  (aq)ix  (al ) x

Ct55 =total capitalised future lifetime costs using
retirement age 55 as the base, at a particular year t,

TABLE I: SUMMARY OF

(ad ) dx and (ad )ix . The assumptions and formulae used are as

(ad )dx  (aq)dx  (al ) x and

PRtx =percentage reduction in capitalised future

(7)
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5 years and 4 years and 5 years are 2.07%, 3.86% and 1.79%
respectively. Therefore, we can conclude that if we increased
more in retirement age, the better would be the percentage
reduction in estimated capitalised future lifetime costs.
TABLE II: SUMMARY OF PERCENTAGE DIFFERENCE IN AVERAGE PRtx* FOR
SEVERAL CASES OF INCREASE IN YEAR OF RETIREMENT AGE
Difference
1
2
3
4
(in %)
1

-

-

-

-

2

2.65

-

-

-

3

4.99

2.34

-

-

4

7.06

4.41

2.07

-

5

8.85

6.20

3.86

1.79
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Therefore, to decrease the pension liabilities as the total
number of pensioners increased year by year, we need to
increase the retirement age. Thus, if we want more reduction
in pension liabilities in the future, we shall consider a greater
increase in the retirement age. As a conclusion, increased in
retirement age will give favorable implications of the Pension
Scheme because the costs to the Government Pension
Scheme in the long term are reduced when the retirement age
increases. Thus, the Government Pension Scheme should
consider increasing the retirement age in the future in order to
reduce their costs.
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