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Abstract

The purposes of this paper are to consider the effect on remuneration of defined benefit pension
accrual and the factors that have resulted in changes to the cost and value of this accrual. In

this paper, I look at the effect of the change in the cost to an employer of providing a defined
benefit pension on the overall cost of remunerating an employee and compare that with the cost
of remunerating an employee with no such pension benefits. I allow for the additional cost to

the employer of national insurance contributions (‘NICs’). I also look at the change in value of
an employee’s remuneration, taking into account the value of defined benefit pension accrual
and compare this with the change in remuneration for an employee with no such benefits. Here,

I allow for employee national insurance contributions and income tax. These assessments look
at the cost and value of pension accrual rather than any surplus or deficit relating to previously
accrued pension entitlements. I find that costs of employment have risen significantly more for
members of defined benefit pension schemes compared with other employees, and that this has

largely been as a result of falling long-term interest rates and their effect on the cost of defined
benefit pension accrual. The increase in the value of remuneration to employees has shown a
similar pattern.

1 Introduction

Pension scheme deficits in the UK have been a cause of concern since the turn of the

twenty-first century. Even with stock markets rising more or less continuously since

early 2003, total deficits for the FTSE 100 are still around £36bn according to Lane,

Clark and Peacock (2006). The negative effect of such deficits on corporate earnings is

well understood. Less well understood, however, is the effect of the ongoing accrual

of defined benefit pension benefits on company profits. This is important because

firms offering defined benefit pensions could well be subject to different levels of wage

inflation when compared to those firms offering defined contribution pensions or no

pensions at all. It is also interesting to consider the situation from an employee’s point

of view, looking at the total level of remuneration received is impacted by pension

scheme membership.

It might not be clear why the distinction should be between those receiving defined

benefit pensions and all other employees. Consider two companies, one with a defined
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contribution scheme with employer contributions of 10% of salary, and one with no

pension benefits. If the average wage for each company rises from £10,000 to £10,500,

this is clearly an increase of 5%. The firm with a defined contribution pension scheme

will also see its average pension bill per member rise from £1,000 (10% of the average

salary) to £1,050, so the average total remuneration for this company will have risen

from £11,000 to £11,550 – still an increase of 5%. In other words, a firm with a

defined contribution pension scheme can be treated as being the same as a firm with

no pension scheme for the purpose of this analysis.

At first sight, it is difficult to see why a firm might want to pay different amounts to

employees based on their pension scheme membership, or even to offer a pension

scheme. Bolton (1997) suggests that non-wage benefits can be used to portray an

employer as caring; given the paternalistic nature of a defined benefit pension scheme,

such a reason could be particularly fitting for this type of benefit. Furthermore,

Collard et al. (2005) suggest that one of the advantages of non-wage benefit provision

is that it increases the transaction costs of moving jobs, committing workers to a

specific firm. This would be particularly true for defined benefit pension schemes,

where leaving service actually results in a fall in the expected value of accrued ben-

efits. This is because, as an active member of a pension scheme, accrued pensions

generally increase in line with salary, whereas a deferred pension would usually in-

crease only in line with price inflation, and even then with a 5% per annum limit.

Given that salary inflation exceeds price inflation, accrued benefits are more valuable

to current employees. The transaction cost argument perhaps explains why a firm

would be prepared to continue providing such benefits despite the large increase

in costs. This is supported by Forth and Millward (2000), who find a positive

relationship between the level of earnings and the likelihood of an occupational

pension being offered. Such a relationship suggests that it is the more highly valued

employees (with higher salaries) who are likely to be offered defined benefit pension

provision.

The results of Forth and Millward (2000) suggest that better-paid jobs are more

likely to come with occupational pensions, not that a higher salary is being offered as

compensation for a lack of an occupational pension. In perfect markets with em-

ployees acting rationally, the total level of remuneration demanded should take into

account the level and type of pension benefits offered; however, this does not appear

to be the case.

The transaction costs mentioned above offer one explanation – suggesting that

markets are not perfect – but another explanation is that employees are not acting

rationally. Such irrationality would reflect the lack of knowledge that many people

have about the retirement benefits to which they are entitled. Mitchell (1988) finds

that in the US many people do not know even the type of pension scheme to which

their membership relates, and many who think that they do know are wrong.

Starr-McCluer and Sundén (1999) find some improvement in pension knowledge,

but Gustman and Steinmeier (2001, 2004), when looking at workers nearing retire-

ment age, find that only around half know their projected retirement benefits. Even

more recently, Sundén (2006) still finds that a large share of participants do not know

key details about their pension schemes.
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There is less research in the UK on the knowledge of pensioners but Fidelity

Investments International (2006) do find that most individuals seriously overestimate

the level of income their savings will produce at retirement. Having said this, there is

some evidence that the cost of pension accrual is now being reflected in the take-home

pay of members in the UK. For example, as reported by BBC News (2006, 2007),

BAE Systems has increased contribution rates to reflect the increase in costs, and

British Airways is trying to take similar steps.

There is a considerable volume of research on changes in earnings over time, but

this analysis generally looks at gross earnings excluding pensions. Much of this

research is produced by Government agencies and departments. For example, Fitzner

(2006) from the Department of Trade and Industry in the UK provides detailed

analysis of wage growth analysed across a number of factors. He finds that in

the ten years to 2006, real wages growth averaged around 2.75% per annum in

the private sector and over 2.25% per annum in the public sector. He finds that

these gains occurred across all major industries with women receiving higher pay

rises than men. He also finds that those workers with poor qualifications or no

qualifications at all received wage increases at least as high as their better-qualified

counterparts, a situation helped by the introduction of the national minimum wage

in 1998.

There is also research into the way in which various earnings indices are con-

structed. Ada et al. (2006) look at the impact of changing methodologies in the col-

lection of earnings data from the Labour Force Survey (LFS) to the New Earnings

Survey (NES), in particular analysing the effect across UK regions, and finding that

the exclusion of lower-paid employees from the latter survey systematically under-

states earnings. The Annual Survey of Hours and Earnings (ASHE) addresses this

issue, and data from this survey are analysed by Dobbs (2006).

Finally, there is research on the impact that tax has on earnings. Clark and

Leicester (2004) find that tax changes account for around half of the increase in

income inequality in the 20 years from 1979, Brunello et al. (2006) show that, in the

UK, the proportion of earnings made up of from profit-related pay falls as taxes rise,

and in analysing the effect of changes in taxation on the gross wage, Lockwood and

Manning (1993) find that the effect is more complex than can be explained by as-

suming that the net wage is what employees care about.

What is missing from the literature, however, is an analysis of the impact on

earnings not only of income tax, but also of national insurance contributions

and, importantly, the value of defined benefit pension accrual where offered. Looking

at these items as costs to the employer (where appropriate) rather than benefits to

the employee is also useful. In order to assess the cost and value of benefits being

paid and received, I look at the increase in the various costs of employing an indi-

vidual taking into account wages, income taxes, and pension accrual. Implicitly,

therefore, I ignore the effect on company profits of the cost of removing pension

scheme deficits (the excess of pension scheme liabilities over pension scheme assets)

since these have been created largely as a result of the investment policies and

funding valuation bases adopted by pension schemes rather than by the liabilities

themselves.
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2 Methodology for the calculation of the cost of pension accrual

In order to calculate the effect of defined benefit pensions on the level of net earnings,

I need to calculate the value of an extra year’s pension being earned, also known as

the cost of accrual. The basic approach that I use to calculate the cost of accrual is the

projected unit credit method. This gives the cost now of providing for an additional

year’s accrual of pension payable from retirement. This is equivalent to calculating

the present value of a deferred annuity payable from the date of retirement. In order

to calculate the value of this deferred annuity, which I assume to be paid continuously

with increases being awarded continuously until death, I use actuarial commutation

functions. If the value of a continuous deferred annuity payable in n years to an

individual currently aged x is nj�aax, then

nj�aax=
�NNx+n

Dx
, (1)

where �NNx � Nxx 1
2rDx

� �
, Nx=;O

t=0Dx+t, Dx= lx
1+ið Þx, lx is the number of lives aged

x, and i is the valuation rate of interest used to discount the liabilities. I also allow for

the cost of widows’ and widowers’ pensions payable if the pension scheme member

dies after retirement. Such a benefit is known as a deferred reversionary annuity. If

the value of such an annuity is nj�aaxjy, then

nj�aaxjy=nj�aayxnj�aaxy, (2)

where nj�aaxy=
�NNx+n:y+n

Dxy
, �NNxy � Nxyx 1

2rDxy

� �
, Nxy=;O

t=0Dx+t:y+t, Dxy=
lxy

1+ið Þ x+yð Þ=2 and

lxy is the number of lives aged x multiplied by the number of lives aged y.

One adjustment that needs to be made to the cost of accrual is the deduction

of members’ own contributions. According to Occupational Pension Schemes 2004,

the level of member contributions to private sector defined benefit pension schemes

follows a bimodal distribution with 20% of members making no contribution, 44%

contributing between 5% and 7%, and the remainder contributing between 0% and

5% or more than 7%. I therefore consider the non-contributory scenario and also a

scenario where 6% of member contributions are paid.

3 Methodology for the calculation of the change in earnings

In this section, I outline the procedure I use to convert gross levels of earnings ex-

cluding pensions to earnings net of tax and national insurance contributions and

allowing for pensions. I use two very similar approaches, one for calculating the

increase in cost from the employer’s point of view and the other for calculating the

increase in benefit from the employee’s point of view.

From the employer’s point of view, I compare :

’ gross earnings excluding pension;
’ earnings plus employer national insurance contributions, excluding pension

accrual ; and
’ earnings plus employer national insurance contributions and pension accrual.
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From the employee’s point of view, I compare :

’ gross earnings excluding pension;
’ earnings less employee national insurance contributions and income tax, ex-

cluding pension accrual ; and
’ earnings less employee national insurance contributions and income tax plus

pension accrual.

For this high-level part of the analysis, the approach I use to consider the impact of

the different factors is to layer the effects one on top of the other. As mentioned

above, the base scenario is the increase in gross earnings ignoring national insurance

contributions and, if appropriate, income tax. The earnings that I consider are

national average earnings (‘NAE’). I then consider the effect of allowing for national

insurance contributions and income tax and calculate the difference between the in-

crease in this figure and the increase in gross earnings. This is the increase (or de-

crease) in benefits attributable to changes in national insurance contributions and

income tax. Because the effects of national insurance contributions and income tax

vary depending on the level of earnings, I consider the effects in respect of individuals

not only earning national average earnings, but also half, twice, and four times

national average earnings.

Next, I look at the effect of allowing for defined benefit pension accrual, assuming

that the benefits paid are in line with the statutory minima. For contracted-in pension

schemes, this meant that no increases were required for pension accrued before 6

April 1997; increases in line with Retail Price Index inflation subject to a maximum of

5% per annum (5% Limited Price Indexation) for pension accrued on or after 6

April 1997 and before 6 April 2005; and 2.5% Limited Price Indexation for pension

accrued on or after 6 April 2005. I take the increase in earnings allowing for national

insurance contributions, income tax (if appropriate) and pension accrual, and deduct

the increase in earnings allowing only for national insurance contributions and in-

come tax. This gives the increase in earnings attributable to changes in the cost of

pension accrual.

In this part of the analysis, I also allow for all changes in nominal and real interest

rates, and in mortality assumptions. For periods starting on 6 April for years up

to and including 1999, I assume that the mortality is in line with the tables AM80

and AF80 for men and women before retirement, and PMA80(c=2010) and

PFA80(c=2010) for men and women after retirement. All of these tables were pub-

lished in 1990 and are based on mortality investigations using data from the years

1979 to 1982 with mortality projected to the calendar year 2010 in the second two

tables. For the years commencing on or after 6 April 2000, I assume that the mor-

tality is in line with the tables AM92 and AF92 for men and women before retire-

ment, and PMA92(c=2020) and PFA92(c=2020) for men and women after

retirement. All of these tables were published in 1999 and are based on mortality

investigations using data from 1991 to 1994, with mortality projected to 2020

in the second two tables. For years commencing 6 April 2003 and later, three

amendments to PFA92 and PMA92 are available, reflecting the greater than expected

improvement in longevity, particularly in the 1980s and particularly for those
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individuals born in and around 1926. These new bases are the short cohort (‘sc ’),

medium cohort (‘mc’) and long cohort (‘ lc ’) projections. The sc projection assumes

that the improvement continues to 2010; the mc projection assumes that it continues

to 2020; and the lc projection assumes that it continues to 2040. In this high-level

analysis, I ignore these projections. In these tables, ‘AM’ refers to male assured

lives, and ‘AF’ to female assured lives, being the mortality of male and female

holders of whole life assurance policies. ‘PMA’ and ‘PFA’ refer to pensioner male

amounts and pensioner female amounts respectively, being the mortality of males

and females holding pension annuities, the mortality being weighted by the size of

the pension. The numbers ‘80’ and ‘92’ refer to the midpoint of the four-year period

used for each of the data samples.

The change in gross earnings from year x to year x+1 is DGx, defined as

DGx=
Gx

Gxx1
x1, (3)

where Gx represents the gross earnings in year x. The change in net earnings excluding

pension accrual from the employer’s point of view is DNx
er, defined as

DNer
x =

Gx+NICer
x

Gxx1+NICer
xx1

x1, (4)

where NICx
er represents the employer national insurance contributions payable for

year x. The change in the cost of employment due to changes is national insurance

contributions is therefore DNx
erxDGx. The change in net earnings including pension

accrual from the employer’s point of view is DTx
er, defined as

DT er
x =

Gx+NICer
x + GxrPFxð Þ

Gxx1+NICer
xx1+ Gxx1rPFxx1ð Þx1, (5)

where PFx is the cost of accruing an extra year’s pension per £1 of gross earnings in

year x. Therefore, the change in the cost of employment due to changes in the cost of

pension accrual is DTx
erxDNx

er.

The calculations are similar from the employee’s point of view. Here, the change in

net earnings excluding pension accrual is DNx
ee, defined as

DNee
x =

GxxNICee
x xITee

x

Gxx1xNICee
xx1xITee

xx1
x1, (6)

where NICx
ee represents the employee national insurance contributions and ITx

ee the

income tax both payable in year x. The change in the benefit to the employee due to

changes is national insurance contributions and income tax is therefore DNx
eexDGx.

The change in net earnings including pensions accrual from the employee’s point of

view is DTx
ee, defined as

DTee
x =

GxxNICee
x xITee

x + GxrPFxð Þ
Gxx1xNICee

xx1xITee
xx1+ Gxx1rPFxx1ð Þx1, (7)

so the change in the benefit of employment to the employee due to changes in the

value of pension accrual is DTx
eexDNx

ee.
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Additionally, I analyse the components of the change in the value of pension ac-

crual separately. The approach I use for this is slightly different to the approach

above, in that I analyse the effect of each of the assumptions individually rather than

cumulatively, resulting in an additional balancing item to allow for the cross-

products.

I define yPFx as the cost of accruing an extra year’s pension per £1 of gross earnings

in year x using all of the assumptions for year x, except the assumption for y, where y

is equal to m (mortality), d (discount rate), or p (change to pension accrued). The

assumption for y is that which would have been used if year xx1 data still applied.

This is not necessarily the same as the assumption actually used in year xx1. For

example, if the increase to pensions in payment for benefits accrued in year xx1 is nil,

but for benefits accrued in year x is in line with RPI, then the discount rate used in the

calculation of pPFx is the real interest rate from year xx1 rather than the nominal

interest rate actually used in year xx1.

The change in total cost to the employer using the data applicable to year xx1 for

assumption y can be defined as DyTx
er, where

DyT
er
x =

Gx+NICer
x + GxryPFx

� �

Gxx1+NICer
xx1+ Gxx1rPFxx1ð Þx1: (8)

The cost to the employer attributable to a change in assumption y is therefore cal-

culated as DTx
erxDyTx

er for each y. The difference between the sum of these three

costs and the total cost attributable to pension accrual gives the residual.

Similarly, DyTx
ee is calculated as

DyT
ee
x =

GxxNICee
x xITee

x +(GxryPFx)

Gxx1xNICee
xx1xITee

xx1+(Gxx1rPFxx1)
x1 (9)

and DTx
eexDyTx

ee gives the benefit to the employee attributable to a change in

assumption y, with the residual being calculated as above.

I also use this approach to calculate the additional effect of changing to the sc, mc,

and lc projection bases in 2003.

As well as carrying out the analysis on a year-to-year basis, I also calculate the

average change for each component over the whole period.

The interest rates I use in this analysis are the nominal gross redemption yield on

the 30-year UKGovernment Bond and the real gross redemption yield on the 30-year

UK Index Linked Government Bond assuming 3% per annum inflation.

I carry out these calculations over a range of ages (20, 40, and 60 years of age) and

for both men and women.

4 Additional assumptions

A number of additional assumptions are required when calculating the cost of pen-

sion accrual. I assume that the contribution rate for the following 12-month period is

set on 6 April each year using the yield information applicable on that date. I assume

that the benefit provided is a pension of one-sixtieth of final salary for each year

of pensionable service. According to Occupational Pension Schemes 2004, 60% of
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private sector defined benefit pension schemes used this accrual rate in 2004, making

this accrual rate more than five times as popular as the nearest alternative.

I assume a normal pension age of 65, the normal pension age used by 53% of

private sector schemes, according to the same survey.

I assume that each pension scheme member also accrues a spouse’s pension of 50%

of the member’s pension payable should the member die after retirement. The above

survey shows that 96% of private sector defined benefit schemes provide a spouse’s

pension and of these 74% provide a pension of up to 50%.

I assume that pension scheme members remain in active service until retirement,

and so their benefits increase in line with salary inflation in the period up to retire-

ment. I assume future salary inflation to be 1.5% above the increase in the Retail

Price Index. This is in line with the difference between average earnings and retail

prices for the period 1990 to 2006.

Prior to retirement, pension schemes might be expected to offset the cost of pension

accrual by investing in assets with a higher expected return than bonds, typically

equities. One way of allowing for this higher expected return is to allow for an equity

risk premium over bonds in the discount rate used to value the liabilities. Dimson

et al. (2006) imply that a forward looking world equity risk premium of 4% over

bonds would be appropriate. I therefore use this figure as the maximum risk pre-

mium, and also consider risk premia of 2% and 0% to allow for 50% and zero

allocations to equities in respect of members’ benefits before retirement.

The discount rate I use for pre-retirement benefits is therefore the real yield on the

30-year UK Index Linked Government Bond less 1.5% plus either 0%, 2%, or 4%

depending on the degree to which equity investment is assumed.

The increases to pensions in payments accrued in different periods are outlined

earlier ; however, some assumptions are needed in the choice of interest rate used.

I assume that equities will not be held in respect of pensioners’ benefits, so no ad-

justment is needed here. The appropriate discount rate for benefits with no pension

increase is therefore straightforward, being the nominal yield on the conventional

gilt. For benefits where either 5% Limited Price Indexation or 2.5% Limited Price

Indexation increases are due, I use the greater of the real yield on the index linked

bond and the difference between the nominal yield on the conventional bond and the

fixed upper limit to pension increases (either 5% or 2.5% per annum). This is,

however, only an approximation if any volatility in price inflation is expected. To

illustrate this, consider what happens if Retail Price Index inflation is expected to be

4.5% on average and the benefits receive 5% LPI pension increases. If price inflation

actually oscillates between 5.5% and 3.5%, then the average pension increase will be

4.25% (the average of 3.5% and 5%) rather than 4.5% since the 5% cap on pension

increases will apply for half of the time. I am therefore making an assumption that

future inflation is expected to be in line with the implied inflation from the index

linked and conventional bonds with no volatility from year to year.

I ignore indirect taxes and benefits related to factors such as age, marital status,

disability, and dependent children. I also ignore any other benefits in kind. Finally,

I assume that all earnings are pensionable, that is included in the calculation of the

accrued pension benefits.
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5 Results of the calculations

5.1 The effect of pension accrual on the cost to the employer

In this section, I look at the cost of employing an individual, considering the pro-

portion of changes in income attributable to changes in gross pay, employer national

insurance contributions, and pension accrual.

I initially consider a sample case, giving summary information for other assump-

tions later on. In this sample case, I assume:

’ the member is a 40-year old male ;
’ the member’s earnings are in line with national average earnings;
’ the pre-retirement assets are invested 50% in equities, so the pre-retirement

equity risk premium is 2% per annum; and
’ the employee contribution rate is 6% of earnings.

The analysis I carry out looks at changes from the period 1995–6 to 2004–5. Looking

first at high-level numbers, the average year-to-year increase in gross earnings over

the period is 4.50% per annum. However, after allowing for national insurance

contributions, the cost to employers has actual risen by an additional 0.42% per

annum, bringing the total before-pension average cost increase to 4.92% per annum.

This is also the average cost increase to an employer once pensions have been allowed

for assuming that those pensions are defined contribution in nature and that the

contribution rate has not changed, and is broadly consistent with the results of

Fitzner (2006).

However, if defined benefit pension accrual is allowed for, there is an additional

cost increase of 1.07% per annum, bringing the total average cost increase to 5.99%

per annum.

The year-by-year development of this cost increase is shown in Figure 1. As is clear,

the largest increase in cost each year is simply down to the increasing level of national

average earnings. However, between 6 April 1998 and 6 April 1999 a change in the

rate of national insurance contributions payable results in a larger-than-average cost

increase over this period. There are also a number of years where the cost of pension

accrual adds significantly to the rate of increase, most notably in the late 1990s.

5.2 Components of pension accrual cost to the employer

Next, I look specifically at a single item in the above analysis : the cost of pension

accrual. In particular, I consider the components of the change in cost attributable to

pension accrual : the benefit payable (in particular the rate of increase in payment

applicable to the pension being accrued), the mortality assumptions used in the cal-

culation, and the discount rate used to calculate the cost of accrual. Carrying out

calculations as described earlier, I find that on average the 1.07% per annum increase

in cost attributable to pension accrual is made up as follows:

’ 0.75% per annum in respect of changes in the discount rate ;
’ 0.22% per annum in respect of changes in the mortality assumptions;
’ 0.12% per annum in respect of changes in the benefits offered; and
’ –0.02% as a balancing item.
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As described earlier, the balancing item arises because each of the effects is calculated

independently rather than cumulatively. If the recent mortality projection bases

are also allowed for, I find that the average increase in cost rises by an additional

0.06% (sc), 0.09% (mc), or 0.15% (lc). In other words, the biggest effect on the

change in cost attributable to pension accrual is the fall in the discount rate. Even

after allowing for the greatest projected improvement in longevity, the change

in mortality tables only accounts for one-third of the increase in cost. Perhaps

most surprising is that the change in benefits – from no guaranteed increases at all

to (ultimately) 2.5% LPI – has made very little difference to the overall increase

in cost.

Figure 2 shows how these three components contribute to the overall increase in

cost attributable to defined benefit pension accrual on a year-by-year basis, with the

changes attributable to mortality stacked to show the cumulative effect.

As might be expected, the change in respect of benefit changes results in a large

increase in the cost on 6 April 1997 (when 5% LPI increases to pensions in payment

were introduced) and a smaller reduction in cost on 5 April 2005 (when the 5% LPI

was reduced to 2.5% LPI).

The change due to mortality assumption revisions also occurs at two distinct

times – when the tables were changed in 2000 and (optionally) in 2003. Both have a

significant effect in the years of introduction, but the average effect over the period of

observation is significantly smaller.

However, long-term interest rates have fallen in seven out of the ten periods con-

sidered, and these falls have significantly increased the cost of pension accrual – by

nearly 4% in one year.
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Figure 1. Annual change in the cost of employment allowing for gross salary, income tax and
pension accrual
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5.3 Variations in components of cost to the employer

As well as considering the average change in cost over the period covered, I also look

at how the cost of employing an individual changed from year to year. In Appendix 1,

I give details of the average cost increase, split by type, for a large range of combi-

nations of earnings, age, sex, contribution rate, and ERP assumption. Several trends

emerge from this analysis.

First, the increase in cost attributable to national insurance contributions is lowest

for employees on national average earnings, being higher for individuals earning

more or less than this. For employees on national average earnings, the average

increase in cost is 0.42%; it is 0.53% for individuals earning 50% of national average

earnings, 0.68% for individuals on 200% of national average earnings, and 1.00%

for those on 400% of national average earnings. The main reasons for this increase

occurred in April 1999. At this time, employer national insurance contributions be-

came payable on earnings above the Upper Earnings Limit (‘UEL’) as well as below.

This was coincident with an increase in the rate of employer national insurance

contributions. The increase in rate also adversely affected the costs in respect of those

on only 50% of national average earnings. Although employer national insurance

contributions were no longer payable in respect of those on very low earnings, the

increase in rate still meant that more was payable in respect of anyone earning over a

few thousand pounds a year.

The increase in cost attributable to the cost of pension accrual ranges from 1.15%

to 2.13%. This is a wide range, and clearly a number of factors influence the figure

relating to costs in respect of a particular individual.

Looking first at contributory versus non-contributory pension schemes, it is clear

that the proportional increase in pension cost is greater for contributory schemes.
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Figure 2. Components of the annual change in the cost to the employer of pension accrual
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This is what one would expect, given that in the increase-in-cost calculation the

change, which is the numerator, is the same in both cases, but the denominator

is smaller for contributory schemes than it is for non-contributory ones. The differ-

ence between the contributory and non-contributory calculations is small, ranging

from a 0.08% to a 0.33% difference. The difference is larger if the employee is

younger, earns more, is female, and if a higher equity risk premium is assumed in the

calculations.

There is a difference between the pensions accrual cost increase for men and

that for women. For 60-year olds, the increase is only 0.06% to 0.08% greater

for women than for men; however, this difference is between 0.15% and 0.20% for

20-year olds.

Age is in fact the cause of the greatest difference in the increases in the costs of

pension accrual. The difference between the cost for a 20-year old and a 60-year old

ranges from 0.59% to 1.00%, the cost increase being higher for younger than for

older employees. The figures are higher for women than for men, and higher the

greater the ERP assumed. Unsurprisingly, the key here is the effect of the change on

the discount rate. In fact, the difference in cost for a 20-year old and a 60-year old

attributable to only the discount rate is between 0.83% and 1.27% – this figure is

offset by the fact that the effect of the change in benefits is lower for younger em-

ployees.

The effect of mortality is similar in all cases. This is because most of the improve-

ments to longevity occur at higher ages (post-retirement).

5.4 Value of benefits to the employee

Looking at the same sample individual as before, I next look at the increase in the

value of benefits to that individual rather than the cost to the employer. The figures

are similar, but there is the additional impact of income tax. Furthermore, whilst

national insurance contributions are an addition to the cost for the employer, they are

a deduction from the earnings received by an employee.

Again, considering the high level numbers first, the average year-to-year increase in

gross earnings over the period is 4.50% per annum. The individual’s earnings net of

income tax and national insurance contributions have on average increased by an

additional 0.22% per annum, bringing the total before-pension average benefit in-

crease to 4.72%. However, this increase is small compared to the average additional

1.57% per annum increase in respect of defined benefit pension accrual, giving a total

average increase of 6.29%. This increase is significantly larger than the increase in

cost to the employer. However, this is to be expected – the increase for the employer is

in addition to gross earnings plus national insurance contributions, whereas for the

employee it is in addition to gross earnings less national insurance contributions and

income tax.

The year-by-year development of this benefit increase is shown in Figure 3. Again,

it is clear that the largest increase in cost each year is simply down to the increasing

level of national average earnings. However, in this case, changes to national in-

surance contributions and income tax generally benefit individuals in the first half of
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the period under investigation, although changes to national insurance contributions

in April 2003, resulting in an additional 1% of earnings being payable by nearly all

employees, did reduce the average increase in net income. As expected, there are also

a number of years where the cost of pension accrual adds significantly to the rate of

increase, most notably in the late 1990s.

5.5 Components of the value of pension accrual to the employee

I next look at the impact of different aspects of the pensions accrual on the change in

the value of the employee’s benefit.

To recap, the components of the change in benefit attributable to pension accrual

are of interest : the benefit payable, the mortality assumptions used in the calculation,

and the discount rate used to calculate the value of pension accrual. Carrying out

calculations as described earlier, I find that on average the 1.57% per annum increase

in benefit attributable to pension accrual is made up as follows:

’ 1.07% per annum in respect of changes in the discount rate ;
’ 0.32% per annum in respect of changes in the mortality assumptions;
’ 0.17% per annum in respect of changes in the benefits offered; and
’ 0.00% as a balancing item.

If the recent projection bases are also allowed for, I find that the average increase in

benefit rises by an additional 0.08% (sc), 0.04% (mc), or 0.09% (lc). In other words,

the biggest effect on the change in benefit attributable to pension accrual is still the

fall in the discount rate. This reflects the fact that the pension accrual calculation is

the same for the value to the member as it is for the cost to the employer.
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Figure 3. Annual change in net employee remuneration allowing for gross salary, income tax

and pension accrual
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Figure 4 shows how these three components contribute to the overall increase in

cost attributable to defined benefit pension accrual on a year-by-year basis, with the

changes attributable to mortality stacked to show the cumulative effect. The pattern

is, unsurprisingly, similar to that shown in Figure 2.

5.6 Variations in the value of benefits to the employee

Finally, I take a year-by-year look at the change in the value of benefits to employees.

In Appendix 2, I give details of the average benefit increase, split by type, for a large

range of combinations of earnings, age, sex, contribution rate, and ERP assumption.

Unsurprisingly, the trends emerging from this analysis are similar to those arising

from the analysis relating to employer costs.

However, the impact of income tax and national insurance contributions is less

severe for employees than it is for employers. In fact, these items contribute on av-

erage 0.14% and 0.22% per annum to the increase in earnings for individuals on

50% and 100% national average earnings respectively. For those on 200% and

400% national average earnings, however, contributions of x0.04% and x0.10%

respectively are seen. Reductions in income tax are primarily responsible for positive

contributions to the increase in earnings for those on lower wages, whilst the increase

in employee national insurance contributions – in particular the additional 1% pay-

able from April 2003 – is the main cause of the negative contribution to the increase

in earnings for those on higher wages.

The increase in earnings attributable to defined benefit pension accrual ranges from

1.61% to 4.16%. These figures are higher than those given for the cost to the em-

ployer, for reasons explained earlier. Again, the range is wide and influenced by a

number of factors.
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Figure 4. Components of the annual change in the value to the employee of pension accrual
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As before, the proportional increase in pension benefit is greater for contributory

schemes, and the range of the difference is similar to that for the pension cost calcu-

lations, being 0.11–0.33%.

There is also a difference between the pension accrual benefit increase for men and

that for women. For 60-year olds, the increase is only 0.08–0.11% greater for women

than for men; however, this difference is between 0.19% and 0.30% for 20-year olds.

This is slightly higher than the increase in the cost to the employer, but this is down to

the same reason that the increase in pension cost overall is greater than the increase in

pension benefit, as described earlier.

Once again, age is the cause of the greatest difference in the increases in the benefits

attributable to pension accrual. The difference between the increase for a 20-year old

and a 60-year old ranges from 0.76% to 1.57%, the cost increase being higher for

younger than for older employees. The figures are again higher for women than for

men, and higher the greater the ERP assumed. Unsurprisingly, the effect of the

change in discount rate is the most important factor, and the difference in cost for a

20-year old and a 60-year old attributable to only the discount rate is between 1.09%

and 2.07%. This figure is again offset by the fact that the effect of the change in

benefits is lower for younger employees.

As before, and for the same reasons, the effect of mortality is similar in all cases.

5.7 The continuing difference

The above analysis looks at the increase in the cost and value of defined benefit

pension provision since 1995. However, it is arguably more important to consider the

situation looking forward.

The key item of information here is the cost or value of benefit accrual as a per-

centage of gross earnings, since this is directly comparable to the contribution rate for

defined contribution pension schemes. Table 1 shows how the cost and value of ac-

crual has changed for a pension scheme with an accrual rate of one-sixtieth of gross

salary paying a benefit with statutory pension increases from age 65.

It is clear that the costs have increased sharply, the increase being greatest for

younger members. This table shows that to provide benefits in a typical defined

benefit pension scheme costs at least an additional 25% of gross salary per year if the

equity risk premium is excluded from the calculation, and possibly over 30%. The

Table 1.

ERP 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60

C
o
st
/V

a
lu
e

o
f
A
cc
ru
a
l Males 1995 4.6% 7.4% 12.9% 1.9% 4.6% 11.7% 0.8% 2.8% 10.7%

2005 25.4% 26.2% 28.3% 10.4% 15.9% 25.7% 4.4% 9.8% 23.3%

Females 1995 5.2% 8.3% 14.0% 2.2% 5.1% 12.8% 0.9% 3.2% 11.6%
2005 27.9% 28.6% 30.4% 11.5% 17.4% 27.5% 4.8% 10.7% 25.0%
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situation is only marginally better if a contributory pension scheme is considered. In

1995, an employee contribution rate of 6% would on average have been enough to

cover the cost of accruing benefits, providing at least some of the pension scheme

contributions were to be invested in assets other than bonds. However, in 2005 such a

contribution rate would barely have reduced the cost to the employer (or the value of

the benefit to the employee) to below 20% of gross salary.

The generosity of such a benefit is best appreciated if it is compared with the

employer contributions to defined contribution arrangements. According to

Occupational Pension Schemes 2004, the most popular level of contributions to de-

fined contribution schemes was between 4% and 8% of salary, with 39% of em-

ployers contributing at this level, although 24% were paying less than this.

Conversely, only 1% of employers was paying between 15% and 20%, and none was

paying more than 20%.

6 Conclusion

If similar firms have given similar headline pay increases but one group has provided

defined benefit pensions and the other defined contribution pensions, then the return

on capital will have been lower for the firm offering defined benefit. Unless action is

taken, there will continue to be a drag on the return to capital at the expense of the

return to labour. Given that many firms within an industry are likely to offer similar

benefits packages, the issue is perhaps more that certain industries will find them-

selves uncompetitive relative to the same industries in countries where generous cor-

porate defined benefit provision is not the norm.

The biggest impact on the increase in the cost of defined benefit is the fall in real

and nominal long-term interest rates. This has meant that the greatest increase in cost

has been in respect of individuals furthest away from retirement due to the effect of

compounding. Whilst the impact of increasing longevity has been significant, the

effect has been much less than that of interest rates.

If the macroeconomic factors that caused this increase in cost persist, then one

approach to relieve the burden on firms is to require employees to pay higher con-

tributions. However, this inevitably leads to a reduction in the standard of living

before retirement. Another approach is to reduce the defined benefit pension pro-

vided or to move to defined contribution with lower contribution rates. However, this

leads to a reduction in the standard of living after retirement. Furthermore, both of

these approaches effectively transfer the burden to the government which will then

transfer it back to the tax-paying population, reducing standards of living by a dif-

ferent route. The only remaining solution is to delay retirement either by increasing

retirement ages or by increasing the opportunities for part-time work and a more

gradual move towards full retirement. This approach is also consistent with allevi-

ating the symptoms of the increase in longevity. However, assuming that working

carries some disutility, a combination of the above solutions – working for longer and

lowering the post-retirement standard of living – seems the pragmatic approach.

On the benefits side, it is important to recognise that although employees with

defined benefit pensions have effectively had higher pay rises than their defined
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contribution counterparts, the increases attributable to defined benefit pension ac-

crual do not actually result in a higher pension; they merely reflect the fact that the

pensions to which individuals are entitled have got more expensive. Another way of

looking at this is that deferred pay that pensions constitute has been cut for in-

dividuals with defined contribution pensions if the contribution rates to defined

contribution schemes have remained static.
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Appendix 1: Employer costs

50% NAE, Non-Contributory – Males

ERP 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53%
Increase – Pension 1.84% 1.60% 1.23% 2.10% 1.87% 1.34% 2.22% 2.05% 1.44%

Pension components

Discount rate 1.50% 1.15% 0.64% 1.76% 1.43% 0.75% 1.88% 1.60% 0.85%
Mortality 0.33% 0.33% 0.29% 0.33% 0.33% 0.29% 0.33% 0.33% 0.29%
Benefits 0.09% 0.19% 0.37% 0.09% 0.19% 0.37% 0.09% 0.19% 0.37%

Balancing item x0.07% x0.07% x0.08% x0.07% x0.07% x0.08% x0.07% x0.07% x0.08%

Total 6.86% 6.62% 6.25% 7.13% 6.90% 6.36% 7.24% 7.07% 6.46%

50% NAE, Non-Contributory – Females

ERP 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53%
Increase – Pension 1.99% 1.71% 1.29% 2.29% 2.02% 1.41% 2.42% 2.21% 1.52%

Pension components

Discount rate 1.72% 1.32% 0.73% 2.02% 1.63% 0.84% 2.15% 1.83% 0.95%
Mortality 0.23% 0.23% 0.22% 0.23% 0.23% 0.22% 0.23% 0.23% 0.22%
Benefits 0.11% 0.23% 0.43% 0.11% 0.23% 0.43% 0.11% 0.23% 0.43%
Balancing item x0.07% x0.07% x0.08% x0.07% x0.07% x0.08% x0.07% x0.07% x0.08%

Total 7.02% 6.73% 6.32% 7.32% 7.04% 6.43% 7.44% 7.24% 6.54%
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Appendix 1: (cont.)

50% NAE, 6% Employee Contributions – Males

ERP 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53%

Increase – Pension 1.97% 1.71% 1.32% 2.25% 2.01% 1.43% 2.37% 2.19% 1.54%

Pension components
Discount rate 1.58% 1.21% 0.68% 1.86% 1.51% 0.79% 1.98% 1.69% 0.90%
Mortality 0.34% 0.35% 0.30% 0.34% 0.35% 0.30% 0.34% 0.35% 0.30%

Benefits 0.09% 0.20% 0.39% 0.09% 0.20% 0.39% 0.09% 0.20% 0.39%
Balancing item x0.05% x0.05% x0.05% x0.05% x0.05% x0.05% x0.05% x0.05% x0.05%

Total 6.99% 6.74% 6.34% 7.28% 7.03% 6.46% 7.40% 7.22% 6.56%

50% NAE, 6% Employee Contributions – Females

ERP 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53% 0.53%

Increase – Pension 2.13% 1.83% 1.38% 2.45% 2.15% 1.51% 2.58% 2.36% 1.62%

Pension components
Discount rate 1.82% 1.39% 0.76% 2.14% 1.72% 0.89% 2.27% 1.93% 1.00%
Mortality 0.24% 0.24% 0.23% 0.24% 0.24% 0.23% 0.24% 0.24% 0.23%

Benefits 0.12% 0.24% 0.45% 0.12% 0.24% 0.45% 0.12% 0.24% 0.45%
Balancing item x0.05% x0.05% x0.06% x0.05% x0.05% x0.06% x0.05% x0.05% x0.06%

Total 7.15% 6.85% 6.41% 7.47% 7.18% 6.53% 7.61% 7.39% 6.64%
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100% NAE, Non-Contributory – Males

Equity Risk Premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42%

Increase – Pension 1.80% 1.57% 1.22% 2.06% 1.84% 1.32% 2.17% 2.01% 1.42%

Pension components
Discount rate 1.46% 1.12% 0.63% 1.71% 1.39% 0.73% 1.82% 1.56% 0.83%
Mortality 0.32% 0.33% 0.29% 0.32% 0.33% 0.29% 0.32% 0.33% 0.29%

Benefits 0.08% 0.18% 0.36% 0.08% 0.18% 0.36% 0.08% 0.18% 0.36%
Balancing item x0.06% x0.06% x0.05% x0.06% x0.06% x0.05% x0.06% x0.06% x0.05%

Total 6.72% 6.49% 6.13% 6.97% 6.75% 6.24% 7.08% 6.92% 6.33%

100% NAE, Non-Contributory – Females

Equity Risk Premium 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42%

Increase – Pension 1.95% 1.68% 1.28% 2.24% 1.98% 1.39% 2.37% 2.17% 1.50%

Pension components
Discount rate 1.68% 1.29% 0.71% 1.97% 1.59% 0.82% 2.09% 1.78% 0.93%
Mortality 0.22% 0.23% 0.21% 0.22% 0.23% 0.21% 0.22% 0.23% 0.21%

Benefits 0.10% 0.22% 0.41% 0.10% 0.22% 0.41% 0.10% 0.22% 0.41%
Balancing item x0.05% x0.06% x0.06% x0.05% x0.06% x0.06% x0.05% x0.06% x0.06%

Total 6.87% 6.59% 6.19% 7.16% 6.89% 6.31% 7.28% 7.09% 6.41%
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Appendix 1: (cont.)

100% NAE, 6% Employee Contributions – Males

Equity Risk Premium 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42%
Increase – Pension 1.92% 1.68% 1.30% 2.19% 1.96% 1.41% 2.31% 2.14% 1.51%

Pension components
Discount rate 1.54% 1.18% 0.66% 1.81% 1.46% 0.77% 1.93% 1.64% 0.87%
Mortality 0.34% 0.34% 0.30% 0.34% 0.34% 0.30% 0.34% 0.34% 0.30%
Benefits 0.09% 0.19% 0.38% 0.09% 0.19% 0.38% 0.09% 0.19% 0.38%

Balancing item x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04%

Total 6.84% 6.59% 6.21% 7.11% 6.87% 6.33% 7.23% 7.05% 6.43%

100% NAE, 6% Employee Contributions – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42% 0.42%
Increase – Pension 2.08% 1.79% 1.36% 2.39% 2.10% 1.48% 2.52% 2.31% 1.59%

Pension components

Discount rate 1.77% 1.35% 0.74% 2.07% 1.67% 0.86% 2.21% 1.87% 0.97%
Mortality 0.24% 0.24% 0.22% 0.24% 0.24% 0.22% 0.24% 0.24% 0.22%
Benefits 0.11% 0.24% 0.44% 0.11% 0.24% 0.44% 0.11% 0.24% 0.44%

Balancing item x0.04% x0.04% x0.04% x0.03% x0.04% x0.04% x0.03% x0.04% x0.04%

Total 6.99% 6.70% 6.28% 7.30% 7.02% 6.40% 7.43% 7.22% 6.51%
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200% NAE, Non-Contributory – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68%

Increase – Pension 1.79% 1.55% 1.18% 2.05% 1.82% 1.29% 2.16% 1.99% 1.39%

Pension components
Discount rate 1.47% 1.13% 0.64% 1.74% 1.41% 0.74% 1.85% 1.58% 0.84%
Mortality 0.32% 0.32% 0.28% 0.32% 0.32% 0.28% 0.32% 0.32% 0.28%

Benefits 0.09% 0.19% 0.37% 0.09% 0.19% 0.37% 0.09% 0.19% 0.37%
Balancing item x0.08% x0.09% x0.10% x0.08% x0.09% x0.10% x0.08% x0.09% x0.10%

Total 6.97% 6.73% 6.36% 7.23% 7.00% 6.47% 7.35% 7.18% 6.57%

200% NAE, Non-Contributory – Females

Equity risk premium 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68%

Increase – Pension 1.94% 1.66% 1.24% 2.24% 1.96% 1.36% 2.36% 2.15% 1.46%

Pension components
Discount rate 1.70% 1.30% 0.72% 1.99% 1.61% 0.83% 2.12% 1.80% 0.94%
Mortality 0.22% 0.22% 0.21% 0.22% 0.22% 0.21% 0.22% 0.22% 0.21%

Benefits 0.11% 0.23% 0.42% 0.11% 0.23% 0.42% 0.11% 0.23% 0.42%
Balancing item x0.09% x0.10% x0.11% x0.09% x0.10% x0.11% x0.09% x0.10% x0.11%

Total 7.12% 6.84% 6.42% 7.42% 7.14% 6.54% 7.54% 7.34% 6.64%
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Appendix 1: (cont.)

200% NAE, 6% Employee Contributions – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68%
Increase – Pension 1.93% 1.67% 1.28% 2.20% 1.96% 1.39% 2.32% 2.14% 1.49%

Pension components

Discount rate 1.56% 1.19% 0.67% 1.83% 1.48% 0.78% 1.95% 1.66% 0.88%
Mortality 0.33% 0.34% 0.30% 0.33% 0.34% 0.30% 0.33% 0.34% 0.30%
Benefits 0.09% 0.20% 0.39% 0.09% 0.20% 0.39% 0.09% 0.20% 0.39%

Balancing item x0.05% x0.06% x0.07% x0.05% x0.06% x0.07% x0.05% x0.06% x0.07%

Total 7.11% 6.85% 6.46% 7.38% 7.14% 6.57% 7.50% 7.32% 6.67%

200% NAE, 6% Employee Contributions – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68% 0.68%
Increase – Pension 2.08% 1.78% 1.34% 2.40% 2.10% 1.46% 2.53% 2.31% 1.57%

Pension components

Discount rate 1.79% 1.37% 0.75% 2.10% 1.69% 0.87% 2.23% 1.90% 0.98%
Mortality 0.23% 0.24% 0.22% 0.23% 0.24% 0.22% 0.23% 0.24% 0.22%
Benefits 0.12% 0.24% 0.44% 0.12% 0.24% 0.44% 0.12% 0.24% 0.44%
Balancing item x0.05% x0.07% x0.08% x0.05% x0.07% x0.08% x0.05% x0.07% x0.08%

Total 7.26% 6.96% 6.52% 7.58% 7.28% 6.64% 7.71% 7.49% 6.75%
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400% NAE, Non-Contributory – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Increase – Pension 1.79% 1.53% 1.15% 2.06% 1.81% 1.25% 2.17% 1.99% 1.35%

Pension components
Discount rate 1.50% 1.15% 0.65% 1.77% 1.43% 0.75% 1.88% 1.61% 0.85%

Mortality 0.32% 0.32% 0.28% 0.32% 0.32% 0.28% 0.32% 0.32% 0.28%
Benefits 0.09% 0.19% 0.38% 0.09% 0.19% 0.38% 0.09% 0.19% 0.38%
Balancing item x0.12% x0.13% x0.16% x0.12% x0.13% x0.16% x0.12% x0.13% x0.16%

Total 7.28% 7.03% 6.64% 7.55% 7.31% 6.75% 7.66% 7.48% 6.85%

400% NAE, Non-Contributory – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Increase – Pension 1.94% 1.64% 1.20% 2.24% 1.95% 1.32% 2.37% 2.15% 1.43%

Pension components
Discount rate 1.72% 1.32% 0.73% 2.03% 1.63% 0.85% 2.16% 1.83% 0.95%

Mortality 0.22% 0.22% 0.21% 0.22% 0.22% 0.21% 0.22% 0.22% 0.21%
Benefits 0.11% 0.24% 0.43% 0.11% 0.24% 0.43% 0.11% 0.24% 0.43%
Balancing item x0.12% x0.14% x0.17% x0.12% x0.14% x0.17% x0.12% x0.14% x0.17%

Total 7.43% 7.13% 6.70% 7.73% 7.44% 6.81% 7.86% 7.64% 6.92%
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Appendix 1: (cont.)

400% NAE, 6% Employee Contributions – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Increase – Pension 1.94% 1.67% 1.26% 2.23% 1.97% 1.37% 2.35% 2.15% 1.48%

Pension components

Discount rate 1.58% 1.22% 0.68% 1.87% 1.51% 0.79% 1.99% 1.70% 0.90%
Mortality 0.33% 0.34% 0.29% 0.33% 0.34% 0.29% 0.33% 0.34% 0.29%
Benefits 0.10% 0.20% 0.40% 0.10% 0.20% 0.40% 0.10% 0.20% 0.40%

Balancing item x0.07% x0.09% x0.11% x0.07% x0.09% x0.11% x0.07% x0.09% x0.11%

Total 7.44% 7.17% 6.75% 7.72% 7.46% 6.87% 7.84% 7.65% 6.97%

400% NAE, 6% Employee Contributions – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Increase – Pension 2.10% 1.78% 1.31% 2.42% 2.11% 1.44% 2.56% 2.32% 1.55%

Pension components

Discount rate 1.82% 1.39% 0.76% 2.14% 1.72% 0.89% 2.28% 1.93% 1.00%
Mortality 0.23% 0.23% 0.22% 0.23% 0.23% 0.22% 0.23% 0.23% 0.22%
Benefits 0.12% 0.25% 0.46% 0.12% 0.25% 0.46% 0.12% 0.25% 0.46%
Balancing item x0.07% x0.10% x0.13% x0.07% x0.10% x0.13% x0.07% x0.10% x0.13%

Total 7.59% 7.27% 6.81% 7.91% 7.60% 6.93% 8.05% 7.81% 7.05%
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Appendix 2: Employee benefits

50% NAE, Non-Contributory – Males

Equity risk premium 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14%
Increase – Pension 2.37% 2.07% 1.61% 2.71% 2.42% 1.75% 2.86% 2.65% 1.87%

Pension components

Discount rate 1.88% 1.43% 0.79% 2.22% 1.78% 0.93% 2.37% 2.01% 1.05%
Mortality 0.41% 0.41% 0.36% 0.41% 0.41% 0.36% 0.41% 0.41% 0.36%
Benefits 0.11% 0.24% 0.46% 0.11% 0.24% 0.46% 0.11% 0.24% 0.46%

Balancing item x0.02% x0.01% 0.00% x0.02% x0.01% 0.01% x0.02% x0.01% 0.01%

Total 7.01% 6.71% 6.25% 7.36% 7.07% 6.39% 7.51% 7.29% 6.52%

50% NAE, Non-Contributory – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14%
Increase – Pension 2.56% 2.20% 1.69% 2.95% 2.60% 1.84% 3.12% 2.86% 1.97%

Pension components

Discount rate 2.15% 1.63% 0.89% 2.53% 2.03% 1.03% 2.70% 2.28% 1.17%
Mortality 0.28% 0.29% 0.27% 0.28% 0.29% 0.27% 0.28% 0.29% 0.27%
Benefits 0.14% 0.29% 0.53% 0.14% 0.29% 0.53% 0.14% 0.29% 0.53%

Balancing item x0.01% 0.00% 0.01% x0.01% 0.00% 0.01% x0.01% 0.00% 0.01%

Total 7.20% 6.85% 6.33% 7.59% 7.24% 6.48% 7.76% 7.50% 6.61%
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Appendix 2: (cont.)

50% NAE, 6% Employee Contributions – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs, IT 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14%
Increase – Pension 2.55% 2.22% 1.73% 2.92% 2.60% 1.87% 3.08% 2.85% 2.01%

Pension components
Discount rate 2.01% 1.53% 0.84% 2.38% 1.91% 0.99% 2.54% 2.15% 1.12%
Mortality 0.43% 0.44% 0.38% 0.43% 0.44% 0.38% 0.43% 0.44% 0.38%

Benefits 0.12% 0.25% 0.49% 0.12% 0.25% 0.49% 0.12% 0.25% 0.49%
Balancing item x0.01% 0.00% 0.02% x0.01% 0.00% 0.02% x0.01% 0.00% 0.02%

Total 7.19% 6.86% 6.37% 7.56% 7.25% 6.52% 7.72% 7.49% 6.65%

50% NAE, 6% Employee Contributions – Females

Equity risk premium 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14% 0.14%

Increase – Pension 2.75% 2.36% 1.81% 3.17% 2.79% 1.96% 3.35% 3.07% 2.11%

Pension components
Discount rate 2.30% 1.74% 0.94% 2.71% 2.17% 1.10% 2.90% 2.44% 1.24%
Mortality 0.30% 0.30% 0.28% 0.30% 0.30% 0.28% 0.30% 0.30% 0.28%

Benefits 0.15% 0.31% 0.56% 0.15% 0.31% 0.56% 0.15% 0.31% 0.56%
Balancing item 0.00% 0.01% 0.02% 0.00% 0.01% 0.02% 0.00% 0.01% 0.02%

Total 7.39% 7.00% 6.45% 7.81% 7.43% 6.61% 7.99% 7.71% 6.75%
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100% NAE, Non-Contributory – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs, IT 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22%
Increase – Pension 2.56% 2.23% 1.72% 2.94% 2.62% 1.87% 3.11% 2.87% 2.01%

Pension components
Discount rate 2.03% 1.55% 0.85% 2.41% 1.93% 1.00% 2.57% 2.18% 1.13%

Mortality 0.44% 0.45% 0.39% 0.44% 0.45% 0.39% 0.44% 0.45% 0.39%
Benefits 0.12% 0.26% 0.50% 0.12% 0.26% 0.50% 0.12% 0.26% 0.50%
Balancing item x0.03% x0.02% x0.01% x0.03% x0.02% x0.01% x0.02% x0.01% 0.00%

Total 7.29% 6.95% 6.45% 7.67% 7.34% 6.60% 7.83% 7.59% 6.74%

100% NAE, Non-Contributory – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs, IT 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22%
Increase – Pension 2.77% 2.37% 1.80% 3.19% 2.81% 1.97% 3.38% 3.09% 2.11%

Pension components
Discount rate 2.33% 1.76% 0.95% 2.75% 2.19% 1.11% 2.93% 2.47% 1.26%

Mortality 0.30% 0.31% 0.28% 0.30% 0.31% 0.28% 0.30% 0.31% 0.28%
Benefits 0.16% 0.32% 0.57% 0.16% 0.32% 0.57% 0.16% 0.32% 0.57%
Balancing item x0.02% x0.02% 0.00% x0.02% x0.01% 0.00% x0.01% x0.01% 0.00%

Total 7.49% 7.09% 6.53% 7.92% 7.53% 6.69% 8.10% 7.81% 6.84%
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Appendix 2: (cont.)

100% NAE, 6% Employee Contributions – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22%
Increase – Pension 2.78% 2.41% 1.86% 3.19% 2.84% 2.02% 3.37% 3.11% 2.17%

Pension components

Discount rate 2.19% 1.66% 0.91% 2.60% 2.08% 1.07% 2.78% 2.35% 1.21%
Mortality 0.47% 0.48% 0.41% 0.47% 0.48% 0.41% 0.47% 0.48% 0.41%
Benefits 0.13% 0.28% 0.54% 0.13% 0.28% 0.54% 0.13% 0.28% 0.54%

Balancing item x0.01% 0.00% 0.01% x0.01% 0.00% 0.01% x0.01% 0.00% 0.01%

Total 7.50% 7.14% 6.59% 7.92% 7.56% 6.75% 8.09% 7.83% 6.90%

100% NAE, 6% Employee Contributions – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22% 0.22%
Increase – Pension 2.99% 2.56% 1.95% 3.46% 3.03% 2.12% 3.66% 3.34% 2.28%

Pension components

Discount rate 2.50% 1.89% 1.02% 2.96% 2.36% 1.19% 3.16% 2.66% 1.34%
Mortality 0.32% 0.33% 0.30% 0.32% 0.33% 0.30% 0.32% 0.33% 0.30%
Benefits 0.17% 0.34% 0.62% 0.17% 0.34% 0.62% 0.17% 0.34% 0.62%
Balancing item 0.00% 0.00% 0.01% 0.00% 0.01% 0.01% 0.00% 0.01% 0.02%

Total 7.72% 7.28% 6.67% 8.18% 7.76% 6.84% 8.39% 8.07% 7.00%
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200% NAE, Non-Contributory – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs, IT x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04%
Increase – Pension 2.74% 2.39% 1.86% 3.13% 2.79% 2.02% 3.30% 3.06% 2.16%

Pension components
Discount rate 2.13% 1.61% 0.88% 2.52% 2.01% 1.04% 2.69% 2.27% 1.18%

Mortality 0.46% 0.46% 0.40% 0.46% 0.46% 0.40% 0.46% 0.46% 0.40%
Benefits 0.13% 0.27% 0.52% 0.13% 0.27% 0.52% 0.13% 0.27% 0.52%
Balancing item 0.03% 0.04% 0.06% 0.03% 0.05% 0.07% 0.03% 0.05% 0.07%

Total 7.20% 6.85% 6.32% 7.59% 7.25% 6.48% 7.76% 7.52% 6.62%

200% NAE, Non-Contributory – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs, IT x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04%
Increase – Pension 2.95% 2.54% 1.95% 3.40% 2.99% 2.12% 3.59% 3.29% 2.27%

Pension components
Discount rate 2.43% 1.84% 0.99% 2.87% 2.29% 1.15% 3.07% 2.58% 1.31%

Mortality 0.32% 0.32% 0.30% 0.32% 0.32% 0.30% 0.32% 0.32% 0.30%
Benefits 0.16% 0.33% 0.59% 0.16% 0.33% 0.59% 0.16% 0.33% 0.59%
Balancing item 0.04% 0.05% 0.07% 0.05% 0.06% 0.07% 0.05% 0.06% 0.08%

Total 7.41% 7.00% 6.41% 7.86% 7.45% 6.58% 8.05% 7.75% 6.73%
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Appendix 2: (cont.)

200% NAE, 6% Employee Contributions – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04%
Increase – Pension 2.96% 2.57% 2.00% 3.39% 3.01% 2.17% 3.58% 3.30% 2.32%

Pension components

Discount rate 2.30% 1.74% 0.94% 2.73% 2.17% 1.11% 2.91% 2.46% 1.26%
Mortality 0.49% 0.50% 0.43% 0.49% 0.50% 0.43% 0.49% 0.50% 0.43%
Benefits 0.14% 0.29% 0.56% 0.14% 0.29% 0.56% 0.14% 0.29% 0.56%

Balancing item 0.03% 0.04% 0.07% 0.04% 0.05% 0.07% 0.04% 0.05% 0.07%

Total 7.42% 7.03% 6.46% 7.85% 7.47% 6.63% 8.04% 7.76% 6.78%

200% NAE, 6% Employee Contributions – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04% x0.04%
Increase – Pension 3.18% 2.73% 2.09% 3.67% 3.23% 2.27% 3.89% 3.55% 2.44%

Pension components

Discount rate 2.62% 1.97% 1.06% 3.10% 2.46% 1.24% 3.32% 2.78% 1.40%
Mortality 0.34% 0.34% 0.31% 0.34% 0.34% 0.31% 0.34% 0.34% 0.31%
Benefits 0.18% 0.36% 0.64% 0.18% 0.36% 0.64% 0.18% 0.36% 0.64%
Balancing item 0.05% 0.06% 0.08% 0.05% 0.06% 0.08% 0.06% 0.07% 0.08%

Total 7.64% 7.19% 6.55% 8.13% 7.69% 6.73% 8.35% 8.01% 6.90%
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400% NAE, Non-Contributory – Males

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs, IT x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10%
Increase – Pension 2.92% 2.54% 1.98% 3.34% 2.97% 2.15% 3.52% 3.25% 2.30%

Pension components
Discount rate 2.27% 1.72% 0.94% 2.69% 2.15% 1.10% 2.87% 2.43% 1.25%

Mortality 0.49% 0.49% 0.42% 0.49% 0.49% 0.42% 0.49% 0.49% 0.42%
Benefits 0.14% 0.29% 0.55% 0.14% 0.29% 0.55% 0.14% 0.29% 0.55%
Balancing item 0.02% 0.04% 0.07% 0.03% 0.05% 0.07% 0.03% 0.05% 0.07%

Total 7.32% 6.94% 6.38% 7.74% 7.37% 6.55% 7.92% 7.65% 6.70%

400% NAE, Non-Contributory – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%

Increase – NICs, IT x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10%
Increase – Pension 3.15% 2.70% 2.07% 3.62% 3.18% 2.25% 3.83% 3.50% 2.41%

Pension components
Discount rate 2.59% 1.95% 1.05% 3.07% 2.43% 1.22% 3.27% 2.75% 1.38%

Mortality 0.34% 0.34% 0.31% 0.34% 0.34% 0.31% 0.34% 0.34% 0.31%
Benefits 0.17% 0.35% 0.63% 0.17% 0.35% 0.63% 0.17% 0.35% 0.63%
Balancing item 0.04% 0.06% 0.08% 0.04% 0.06% 0.08% 0.05% 0.06% 0.08%

Total 7.54% 7.10% 6.47% 8.02% 7.58% 6.65% 8.23% 7.90% 6.81%
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Appendix 2: (cont.)

400% NAE, 6% Employee Contributions – Males

Equity risk premium 0% 2% 4%

Age 20 40 60 20 40 60 20 40 60
Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10%
Increase – Pension 3.17% 2.75% 2.13% 3.63% 3.22% 2.31% 3.83% 3.53% 2.48%

Pension components
Discount rate 2.47% 1.86% 1.01% 2.93% 2.33% 1.18% 3.13% 2.64% 1.35%
Mortality 0.52% 0.53% 0.45% 0.52% 0.53% 0.45% 0.52% 0.53% 0.45%
Benefits 0.15% 0.32% 0.60% 0.15% 0.32% 0.60% 0.15% 0.32% 0.60%

Balancing item 0.02% 0.04% 0.07% 0.02% 0.04% 0.07% 0.03% 0.05% 0.07%

Total 7.56% 7.15% 6.53% 8.03% 7.62% 6.71% 8.23% 7.93% 6.87%

400% NAE, 6% Employee Contributions – Females

Equity risk premium 0% 2% 4%
Age 20 40 60 20 40 60 20 40 60

Increase – NAE 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50% 4.50%
Increase – NICs, IT x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10% x0.10%
Increase – Pension 3.41% 2.91% 2.23% 3.93% 3.44% 2.42% 4.16% 3.79% 2.60%

Pension components

Discount rate 2.81% 2.11% 1.12% 3.33% 2.64% 1.31% 3.56% 2.98% 1.49%
Mortality 0.36% 0.36% 0.33% 0.36% 0.36% 0.33% 0.36% 0.36% 0.33%
Benefits 0.20% 0.39% 0.69% 0.20% 0.39% 0.69% 0.20% 0.39% 0.69%

Balancing item 0.04% 0.06% 0.08% 0.04% 0.06% 0.08% 0.04% 0.06% 0.08%

Total 7.81% 7.31% 6.63% 8.33% 7.84% 6.82% 8.56% 8.19% 6.99%
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