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How to prevent increased pension expenditures in a defined benefit system when life expectancy improves
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Introduction

Most OECD countries will face an ageing population in the next decades. Increasing life expectancy and falling fertility may lead to a significant growth in the old-age dependency ratio and the future pension burden. Awareness of these problems has led to reforms of the pension system in many countries during the last decade. In a survey of the gains from pension reforms Lindbeck and Persson (2003) conclude that the pension reforms in various countries in the recent years show a strong tendency in the direction of increased actuarial fairness. The reforms also reflect a trend towards combining pay-as-you-go with funded elements and towards individualization. 

In countries like Greece, Hungary, Italy, Korea, Portugal and Switzerland financial consolidation of the pension system has been secured by parametric pension reforms cutting benefits. In recent reforms in Sweden, Japan and Germany the real value of pension benefits has been reduced by shifting from wage indexation to price indexation (or a combination) for the benefits. In countries like US, Germany, Italy, Japan and New Zealand the capital values of the pension benefits have been reduced by rising the retirement age, and in some countries, like UK and Belgium, retirement age for women is increased to become more equal the retirement age for men. Higher retirement age is a powerful way to improve financial stability because a reform in this direction simultaneously increases the number of workers and decreases the number of pensioners.

According to the suggestions by Feldstein (1998) in the US and Canada the social security systems have been changed in the direction of funded systems, although the actuarial elements are rather week. Similar shifts are carried through in France, Ireland and the Netherlands. Several countries like Italy, Latvia, Poland and Sweden have moved from quite non-actuarial pay-as-you-go to quasi-actuarial systems with notional accounts. Argentina, Chile and Mexico have made full shifts to actuarially fair funded systems. While the former pay-as-you-go systems commonly were based on defined benefits, the quasi-actuarial and fully funded systems usually are based on defined contributions. In this case the yearly pension benefits may be calculated at the age of retirement from the restriction that the present value of future benefits has to correspond with the built up entitlements at this age. If life expectancy increases, the yearly pension benefits for a given entitlement have to decrease. 

However, in some countries, like Norway, the political majority want to maintain defined benefits in the old age pension system as suggested by the Norwegian Pension Commission (NOU 2004:1). According to Lindell (2003) this has also been stressed in the discussion of a pension reform in Finland. To prevent the old age pension expenditures from increasing when life expectancy improves in a defined benefit system, it is necessary to declare some rules in advance indicating how pension benefits will be reduced. The aim of the paper is to discuss the most important aspects for implementing actuarial elements in a defined benefit old age pension system, also including practical questions regarding how the relevant expected mortality rates should be estimated before the age of retirement. The effects of the most important elements and the practical questions will be illustrated empirically by use of projections for demographic development and old age pension expenditures in Norway.

Main principles for reducing pension benefits as a consequence of increasing life expectancy

When discussing the main principles for a reform of the pension system in Norway in May 2005, the majority in the Norwegian Parliament approved the suggestion from the Pension Commission that future pension benefits have to be reduced if life expectancy continues to increase. One of the main components behind the expected increase in future pension expenditures is thereby neutralized. A symmetric part of this element in the pension system is that each individual may counteract the effect on lower benefits by postponing retirement. By introducing these elements in combination with a flexible retirement age, the aim is to obtain a double dividend regarding fiscal sustainability. 

Principles for reducing pension benefits as a consequence of increasing life expectancy may be implemented independently of how pension entitlements are achieved. Simplified the built up entitlements at the age of retirement corresponding to a pension wealth (PW) may be expressed as:

(1)
PWA = α ∙ Σt<A It · (1+i)A-t  ,

where

PWA 
= Calculated pension wealth at retirement age A,

α 
= Pension premium as a share of the income base for pension entitlements,

It
= Income base for pension entitlements in year t, and

i
= Nominal rate of interest relevant for pension entitlements.

Based on the yearly income base for pension entitlements (mainly corresponding to labor incomes), the pension entitlements each year is calculated by the parameter α. Before retirement these entitlements have to be indexed to the retirement age A. In a fully funded, but also in a quasi-actuarial system, the nominal rate of interest from corresponding funding in the financial markets may be most relevant. In the proposal for a new pension system in Norway, pension entitlements are suggested to be indexed according to average growth in wage rates.

In a defined benefit system an alternative to specification (1) will be to define a basic benefit (before taking into consideration increasing life expectancy and indexation) as:

(2) 
BPA = Σt<A β · It · (1+i)A-t ,

where

BPA
= Calculated yearly basic pension at retirement age A, and

β
= Earning of yearly basic pension entitlements as a share of the relevant income base.

By combining equations (1) and (2) we get:

(3)
PWA = (α/β) · BPA .

Based on the assumptions above resulting in equation (3), it does not matter whether earnings of pension entitlements are calculated by pension wealth as in (1) or yearly basic pension as in (2). Specification (1) is most relevant with a defined contribution system, while specification (2) is most relevant when there are defined benefits.

In a pension system where entitlements are divided by the number of expected years as a pensioner, yearly pension benefits have to depend on retirement age and life expectancy. The main principles in the system also have to be independent of the chosen age limits and well known for each person a couple of years before the lowest accepted retirement age. Each individual may then consider what would be the appropriate moment for retirement. When pension entitlements are defined in a unit of measurement that is fixed as time goes by, e.g. by fixed wage rates, a central variable will be the ratio between total pension entitlements and expected present value of all future pension benefits based on these entitlements. This ratio may be denoted as ‘Factor for expected Present value of future pension Benefits (FPB). A yearly pension benefit of one unit in fixed values corresponds to total pension payments by adding up the expected value of all future pension payments from the chosen retirement age.

In a pension system with a flexible retirement age, and where the yearly benefits depend on retirement age and life expectancy, most people will reflect on the connection between retirement age and yearly pension benefits before they reach the lower age limit for retirement, N. By this age expected pension benefit at a higher age may be calculated as the product of the expected benefit at that age and the probability of surviving form age N to the considered age. For calculating the present value of the benefits, assuming indexing by wage growth w and nominal rate of interest i, the FPB calculated at the lower limit for retirement (N) for a person born in year K who consider to retire at age A may be presented as:

(4)
FPBN,K,A = (x(ApN,K,x ∙ (1+i)N-x ∙ (1+w)x-N ,

where

FPBN,K,A
= Factor for expected Present value of future pension Benefits at the lower retirement 

age N per unit pension benefit for a person in cohort K who considers to retire at age A,

N

= Lower limit for retirement according to a flexible retirement scheme,

K

= Birth year of the actual cohort,

pN,K,x

= Survival probability for persons born in year K from lower retirement age N to age x

w

= Rate of nominal wage growth, and

ρ

= Net real rate of interest.

Net real rate of interest is defined as:

(5)
( = ((1+i)/(1+w))-1.

By inserting from (5) in (4), FPB may be expressed as:

(6)
FPBN,K,A,( = (x(ApN,K,x ∙ (1+()N-x  .

In the special case where the nominal rate of interest is assumed to equal wage growth, FPB expresses the sum of the survival probabilities from the lower retirement age N to the considered retirement age A.

(7)
FPBN,K,A,(=0 = (x(A pN,K,x,

The yearly pension benefit in fixed values (PB) should be determined in such a way that the present value of future pension benefit calculated at actual retirement age (A) should correspond to the present value of entitlements at that age. In a fully funded or a quasi-actuarial Pay as You Go system with defined contributions the yearly pension benefit should be determined by:

(8)
PBK,A = PWA / FPBK,A .

After calculating FPBK,A for each birth cohort K for alternative retirement ages, the yearly pension benefit could be determined in accordance with the total pension entitlement for a given retirement age. If the nominal rate of interest was equal to wage growth, the yearly basic pension according to equation (8) simply could be calculated by dividing the earned entitlements by life expectancy at the age of retirement.

In a defined benefit system things get somewhat more complicated. In this system pension benefits have to be standardized in some way. Two elements seem to be necessary. Firstly, the basic yearly pensions before adjusting for increasing life expectancy have to be standardized through calibration of the parameter β in (2) giving equal average benefits as with a predefined system (e.g. the present) before taking increased life expectancy into account. Secondly, if increasing life expectancy should be counteracted by decreasing yearly pensions, pension benefits have to be standardized for a given cohort retiring in a given year. In the proposal for a new pension system in Norway the pension benefits are standardized according to life expectancy for persons born in 1943 who retire at the age of 67 in 2010 when the new system is planned to be implemented. The aim is that pension benefits for these persons with the new system should be equal to what they would have obtained by maintenance of the present system. From equations (3) and (8) we then get the following connection between α and β:

(9)
α/β = FPB1943,67
When β is standardized from equation (2), α is given from equation (8). Alternatively, α could have been standardized from equation (1) decisive for the entitlements, while β in a defined benefit system with correction for life expectancy could have been calculated by (9).

For other cohorts and other assumptions regarding retirement age and life expectancy, the yearly benefits in a defined benefit system have to be adjusted compared to the given basic benefit. This may be done by introducing a Coefficient of division decreasing yearly benefits if life expectancy increases or retirement age decreases. According to the specifications above and the standardization suggested for the reformed pension system in Norway, the Coefficient of division (DC) for a person from cohort K who retires at age A, may be defined as:

(10)
DCK,A = FPBK,A/FPB1943,67 .

As a consequence of the standardization we have:

(11)
DC 1943,67 ≡ 1 .

The Coefficient of division may be calculated for each cohort and each retirement age independent of the system for accumulating pension entitlements. This approach also means that there is only in the point of standardization where the actual penison benefit corresponds to the given level. Like in a defined contribution system, if a person chooses to retire before the point of standardization, the given pension entitlement has to be divided by more years. And the point of standardization will increase if life expectancy increases, indicating a higher Coefficient of division for a given retirement age as time passes. This is illustrated empirically in the next section. In a defined benefit system the yearly pension benefit in fixed wages is given by:

(12)
PBK,A = BPA / DCK,A .

If pension benefits are indexed according to wage growth, the nominal values are given by:

(13)
NPK,A,x = BPA ∙ (1+w)x-A / DCK,A .

Empirical illustration of the Coefficient of division

How the Coefficient of division depends on life expectancy and retirement age is illustrated by using Statistics Norway’s dynamic micro simulation model MOSART. The future demographic development projected by the model corresponds to Statistics Norway’s official demographic projections and all details in the present and alternative Norwegian old age retirement schemes are included in the model (cf. Fredriksen (1998) for further documentation).

Microsimulation is advantageous when analyzing effects of shifts in tax and benefit rules as these rules often are detailed and complicated. Different parts of the population may face different part of the rules and there may be substantial problems of aggregation in calculating the total effects for e.g. government budgets. The basic idea in micro simulation modelling is to represent a socio-economic system by a sample of decision units and then model the behaviour of these primary units. Contrary to what is possible in a macroeconomic approach, the detailed and complicated tax and benefit rules may be exactly reproduced. Aggregated numbers are obtained by multiplying the variable of interest for each unit with its sample weight and add across the sample.

When analysing the National Insurance System in Norway, information about the heterogeneity of the population is important because the building up of pension entitlements depends on former labour incomes in a non-linear way. The present National Insurance System in Norway is a pay-as-you-system, and the pension burden is highly dependent on the development of the population by age and the size of the labour force.

From a representative sample of the population in a base year the MOSART model simulates the further life course for each person in this initial population. The life course is simulated by possible transitions from one state to another decided by transition probabilities depending on each person's characteristics. Each of these transition probabilities is estimated from observed transitions in a recent period. Events included in the simulation are migration, deaths, births, marriages, divorces, educational activities, retirements and labour force participation. Public pension benefits are calculated from labour market earnings and other characteristics included in the simulation. Old age pensions, disability pensions, survival pensions and early retirement pensions are included in the model.

The analyses in this paper are based on a representative sample from 1993 that is mainly calibrated to the situation in 2001 (c.f. Table 1). The demographic assumptions are based on Statistics Norway's demographic projections from December 2002. A total fertility rate of 1.8 and a net immigration of 

13 000 persons each year imply that the size of the different cohorts stabilizes towards 2050. The aggregate population may however increase as a result of an increase in life expectancy at birth of about 7-8 years in the same period, and a further increase towards 2100. The assumptions about probabilities for entering disability are based on the observations from 2001 that represent an average for the fluctuating probabilities during the 1990s. For early retirement schemes there has also been a growing probability for those entitled to enter these schemes during the 1990s, and the projections are based on the observed level from 2001. This is also the case for assumptions about participation in the labour force and working hours. The necessary information about distribution of incomes between individuals over the life cycle is based on observations from a longer period. When pension entitlements are indexed by wage growth in the projections, the choice of base year for wages, prices and the basic unit in the insurance system is of minor importance. For convenience the level from 2001 is chosen.

Table 1. Main underlying assumptions

	Net immigration
	13 000 persons per year

	Life expectancy at birth
	Increases 7-8 years towards 2050

	Total fertility rate
	1.8

	Propensities to study
	As in 2001

	Propensities for entering into disability
	Observed level from 2001

	Propensities for entering early retirement schemes
	Observed level from 2001

	Formal retirement age
	67 years

	Labour market participation rates
	Observed level from 2001

	Distribution of labour incomes during life course
	Observed from the period 1967 to 1993

	Wages, prices, basic unit
	As in 2001


The calculations of the Coefficients of division that is presented in this paper are based on predicted life expectancy for different cohorts at different retirement ages from the population projections according to the equations presented in the section above. The figures for different retirement ages for persons belonging to the cohorts from 1943, 1960 and 1980 are illustrated in figure 1.

Figure 1: Coefficient of division for different cohorts
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As presented in the figure the Coefficient of division decreases if retirement age increases. The pension entitlements have to be divided by fewer years the higher the retirement age is. According to the proposal for the reformed pension system, the Coefficient of division is standardized to one for individuals in the 1943 cohort who retire at age 67. The prospects of more years as a pensioner when life expectancy increases are reflected by an increasing Coefficient of division for a given retirement age as time passes. For the 1980-cohort the coefficient is estimated to be equal to one for a retirement age about age 71.

The coefficients of division may be estimated for different retirement ages at any time based on the actual prospects for life expectancy. But in real life it would be inappropriate to recalculate the coefficients for a person already retired based on updated information. The coefficients of division have to be calculated once for ever. Two points in time seem more relevant than others; before the lowest possible retirement age or before actual retirement age. In the last case the coefficient will be estimated based on latest available information. A disadvantage with this point of time is that the coefficients for a given cohort may change as time passes if life expectancy is changed in the meantime.

The calculations of the future coefficients of division depend on the assumptions about the development in mortality. Because of the standardization for the 1943-cohort if they retire at age 67 in 2010, the coefficient for other (higher) retirement ages for this cohort is not much influenced by the mortality assumptions. The importance of the assumptions about life expectancy increases the further ahead one looks, and the younger the cohorts are (measured by year of birth). A yearly small change in the assumptions about mortality will be more important. And in general the uncertainty about life expectancy will be greater the further ahead one looks. The effects of alternative assumptions about life expectancy for the 1980 cohort are presented in figure 2. Lower growth in life expectancy than in the medium alternative means lower coefficients of division and higher yearly pensions. On the contrary, stronger growth in life expectancy means lower pensions.

Figure 2: Coefficients of division for persons born in 1980 dependent on assumptions about growth in life expectancy
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Effects on pension expenditures

We have also used the MOSART model to analyze the effects on pension expenditures of introducing a Coefficient of division in the pension system. Although the element is introduced as a part of the proposed Norwegian pension reform, it is not dependent on the system for earning of pension entitlements. To illustrate the partial effect, we therefore have implemented the element in the present system.

In the present National Insurance Scheme the lower retirement age is 67 with possibilities for flexible retirement up to the age of 70. The proposed actuarial element includes a flexible retirement age from age 62. However, a specific early retirement scheme with the possibility to retire from age 62 if certain conditions are fulfilled, has been introduced in Norway during the last 10 years as a part of the negotiations between the trade unions and the employers organizations. The possibility to retire early according to this scheme covers about 60 per cent of the labor force, and the benefits are partly subsidized by the central government. As there are no actuarial elements in this scheme reducing yearly benefits if people retire early (or giving higher benefits if retirement is postponed) the scheme is in contradiction with an actuarial one. And of course over time a beneficial early retirement scheme without actuarial elements will move the general retirement age in Norway downwards to 62. There seems to be no point in implementing an actuarial pension system without abolishing the present early retirement scheme. Thus, this has to be a central part of the pension reform.

Regarding the effects on the number of pensioners (and thereby the size of the labor force), the pension reform means two effects working in the opposite direction. On the one hand replacing the present early retirement scheme with an actuarial system makes it more expensive to retire early. And according to the equations for the Coefficient of division presented above, the costs of early retirement will increase if life expectancy increases. On the other hand, a general possibility to retire earlier for about 40 per cent of the labor force may increase the number of pensioners and reduce the labor force.

For workers included by the early retirement scheme we have estimated the effect on the average retirement age by calculating age specific participation rates for the cohorts in the group 60-69 years as the average of the corresponding participation rates during the beginning of the eighties (before the early retirement schemes were introduced) and the present low participation rates. Based on further assumptions, the average retirement age for this group may be postponed by 1.9 years when the new pension system is assumed to be implemented in 2010. For the 40 per cent of the labor force not covered by this scheme, the average retirement age is estimated to be reduced by 0.3 years. After a transition period the average effect for the persons in the labor force (and for a given life expectancy)  may be estimated to 0.6 years. When life expectancy increases by one year we have also estimated that average retirement age for persons in the labor force is postponed by 2/3. According to these assumptions, which of course are rather uncertain, average retirement age for persons in the labor force may increase with more than 2.5 years in 2050 as a result of implementing an actuarial element in the pension system.

Based on these assumptions the number of old age pensioners with an actuarial element in the present pension system is estimated to be more than 9 per cent lower in 2050 than without. And the corresponding pension expenditures is estimated to be reduced by 17 per cent. As a consequence of the Coefficient of division the rather uncertain effects on retirement age and labor force participation are of rather minor importance for the total expenditures. If retirement age is postponed less than estimated, the effect on the old age pension expenditures will be neutralized by a higher Coefficient of division.

To illustrate the consequences of introducing an actuarial element in the present pension system, the effects on the contribution rate is illustrated in figure 3. The contribution rate is defined as:

(14)
C = P / (L + 0.5P),

where P represents the yearly old age pension expenditures in the National Insurance Scheme and L represents aggregate yearly labor incomes, included compensation for the labor effort among the self-employed. This contribution rate is very close to the concept used in the literature and may be considered as a rough estimate for the tax rate on total labor incomes necessary to finance the pension benefits. We have also taken into account that pension benefits are taxed about half the tax rate on labor incomes.

With the present pension system the contribution rate for old age pensions is estimated to more than double from above 10 per cent in 2000 to about 23 per cent in 2050. This increase is caused by three main components:

1. Following small birth cohorts from the 1920s and 1930s, after 2010 the larger birth cohorts from 1945 and onwards reach retirement age. We are thus moving from a situation with a small number of elderly due to small birth cohorts to a situation with more even (and more normal) composition of the cohorts.

2. Increasing life expectancy.

3. Growth in average pensions because of the building up of entitlements for supplementary benefits in the present pension system.

Introducing an actuarial element in the present pension system will neutralize the second component. With this element the contribution rate is estimated to increase to and stabilize at about 19 per cent around 2035. At that point of time both the increase in the share of elderly caused by different magnitude of the birth cohorts and the building up of entitlements for supplementary pensions have terminated. 

Figure 3: Contribution rate for old age pension expenditures in the present system and with actuarial effects
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