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Abstract
Over the last twenty years, the extent of defined benefit provision has declined substantially in the United Kingdom.  Whilst most of the focus has been on deficits relating to past benefit accrual, a more important consideration is the increasing cost of future benefit accrual.  In particular, I look at how the cost of pensions has changed relative to the cost of non-pensions earnings.  I also look at the main components of the change in pensions cost – those relating to benefits payable, discount rates and longevity – to analyse their relative importance.  I find that the cost of employing a member of defined benefit pension scheme has outpaced the cost of employing someone in a defined contribution arrangement by 1.1% of earnings per annum from 1995 to 2015.  As at March 2015, the total cost of accrual was 25.4% of earnings.
The average impact of interest rate changes on the change in the cost of accrual is 0.9% per annum.  This is significantly more than the average impact of longevity improvements, which is 0.2% per annum.  Both of these have added to the total cost.  However, benefit changes marginally offset these increases, by around 0.05% per annum on average.
Looking only at changes in interest rates, the estimated cost of accrual has risen to 36.7% of earnings as at September 2016.  If the current 2.5% LPI increases to pensions in payment were removed and replaced with conditional indexation, the cost of accrual for the employer would fall back to 27.0%.  However, this is still more than three times the maximum level of auto-enrolment contributions that will be required – these peak at 8% of earnings in 2019.  It is also nearly seven times the current average level of contributions, which in 2015 stood at 4.0% of earnings.  If contribution rates to defined contribution arrangements do not rise, a large proportion of the population will reach retirement with inadequate retirement savings.
This paper revisits and extends analysis I first published in 2008, which looked at the change in the cost and value of defined benefit pensions from 1995 to 2005 (Sweeting, 2008).
1. Introduction
1.1. Pension deficits
Pension scheme deficits continue to be a cause of concern in the United Kingdom.  There are a number of different ways of measuring the shortfall of assets relative to liabilities, but the Pension Protection fund estimated that in 2015 there were sufficient assets to cover only 62% of buyout liabilities, and that in the previous ten years this figure has never risen above 68% (Pension Protection Fund, 2015).  In terms of accounting deficits, actuaries Lane, Clark and Peacock estimate that as at 31 July 2016, liabilities exceeded assets by some £46 billion (Lane, Clark and Peacock, 2016).  The negative impact of pension scheme deficits is a regular topic for the financial pages.  However, deficits are largely a historical issue – in other words, they relate to liabilities that have already been accrued.
1.2. The cost of pension accrual to employers
At least as important are the costs for an employer that ongoing pension accrual continues to generate – and how that cost has changed over time.  This is a key theme of this paper.  In addition, it is important to recognise not only how much these costs have risen, but also what has driven these costs.  I therefore analyse the change in pension costs to identify the extent to which key drivers – discount rates, longevity, and the benefits payable – have affected the change in cost.  I also show the change in these costs in the context of other employment-related expenses, particularly National Insurance Contributions (NICs).
1.3. The value of pension accrual to employees
It is also important to recognise the relevance of defined benefit pension funding from another perspective – that is, how it has affected the value of earnings that individuals receive.  In other words, it is important to recognise how much the earnings of individuals have changed once the value of pension accrual is taken into account.  Danzer and Dolton (2012) reflect this when they propose a measure of total reward which includes not just pay, but pensions and other benefits in kind.  They go on to evaluate it as the present value of the sum of all these payments over an individual’s lifetime.
This issue of pension accrual in this context is addressed in Sweeting (2008), which looks at the change in the cost and value of accrual from 1995 to 2005.  This paper extends that work to 2015 and beyond, as well as improving the methodology.
Other authors have looked at this issue in the context of public and private sector pensions.  All public sector schemes are defined benefit[footnoteRef:1], whilst private sector defined benefit provision is continuing to decline in importance.  Indeed, from 2004 to 2015, the number of active members of private sector defined benefit schemes fell from 3.6 million to 1.6 million.  Furthermore, of the 1.6 million active members in private sector defined benefit schemes, only 0.6 million were in schemes or sections of schemes that were open to new members.  However, for public sector defined benefit schemes, the number of active members rose from 5.0 million to 5.6 million over the same period (Office for National Statistics 2015, 2016). [1:  A partial exception is the Universities Superannuation Scheme, which has introduced a defined contribution section in addition to the main defined benefit scheme, whose benefits are now capped.] 

A common approach in this type of analysis is to look at the average level of pension provision in the public and private sector.  Using this approach, Disney et al (2009) find that the impact of defined benefit pensions for public sector employees is to make employment more valuable than for private sector employees even if the latter are members of defined benefit pension plans.  This analysis controls for age, sex and education.  The clear limitation of this analysis is that not all private sector workers are accruing defined benefit pensions.
Cribb and Emmerson (2016) go further than Disney et al (2009), controlling not just for age, sex, and education, but also for experience and region.  They carry out an examination of the impact of pensions on the pay of public and private sector workers, allowing for type of pension provision for those in the private sector, thus overcoming the main limitation in the work of Disney et al.  Cribb and Emmerson value defined benefit pension accrual using the current unit method, which gives the change in discounted present value of the pension income from one year to the next, net of employee contributions.  For defined contribution pensions, Cribb and Emmerson look not only at the level of contributions, but also at the returns received.  This is used to give a view of the value of pension accrual in 2012 under a range of different scenarios.  They then go on to look at the average pay differential between public and private sector workers over time, allowing for the average level and type of pension provision in each group.  This analysis shows that public sector pay is significantly higher than private sector pay, even before allowing for pensions – and that pensions only increases this differential.
Whilst this analysis is useful from an aggregate standpoint, it does not explicitly address the question of the impact over time on an individual who is a member of a defined benefit rather than a defined contribution scheme.  This is important because the decline in private sector defined benefit provision has been matched by the growth in private sector defined contribution provision.  The Office for National Statistics (2015, 2016) reports that over the period 2004 to 2015, active membership of occupational defined contribution schemes – that is, those defined contribution schemes set up by an employer under trust law – rose from 1.0 million to 3.9 million, although the bulk of this rise came as a result of the National Employment Savings Trust (NEST), which received a large number of members following the introduction of auto-enrolment[footnoteRef:2].  This is emphasised by the fact that active membership of defined contribution schemes grew from 1.2 million to 3.2 million between 2013 and 2014, the period during which auto-enrolment came into effect. [2:  The number of defined contribution members does not appear to have been added to through personal pension membership: according to HMRC (2015), the number of employees contributing to personal pension schemes – or having contributions made on their behalf – has stayed constant at 6.0 million.] 

The process of auto-enrolment is being rolled out until February 2018[footnoteRef:3], so the growth of active membership in defined contribution plans can be expected to continue.  However, it is important to note that the level of contributions allowed for by auto-enrolment is not large.  Until April 2018, the minimum contribution is 2% of salary, of which the employer must pay at least 1% of salary; the total contribution is expected to rise to 5%, with a minimum employer contribution of 2%, in April 2018; and from April 2019, it is proposed that the minimum will rise again to 8% of salaries and an employer minimum of 3% of salaries[footnoteRef:4].  Even the 2018 levels exceed current levels of contribution to defined contribution schemes: the Office for National Statistics (2016) estimates that in 2015, members of open defined contribution schemes contributed 1.5% of salaries, with employers contributing 2.5% of salaries.  These figures are lower even than in 2014, where employees contributed 1.7% of salaries and employers contributed 2.9% of salaries (Office for National Statistics, 2015).  These low rates are coincident with the introduction of auto-enrolment – in 2013, employees contributed 2.5% of salaries, with employers paying 6.0%.  This suggests that contribution rates for the newly auto-enrolled are at or close to legal minima. [3:  The Pensions Regulator, www.thepensionsregulator.gov.uk]  [4:  Ibid.] 

This suggests that auto-enrolment – particularly when higher contribution rates arrive – should result in larger pots for members of defined contribution schemes.  But this does not necessarily mean that the level of benefits will be adequate.  The cost of defined benefit pension provision is a sensible benchmark against which defined contribution schemes can be measured.  One comparison is of the contributions actually paid.  the Office for National Statistics (2016) estimates that in 2015, members of open defined benefit schemes contributed 5% of salaries, with employers contributing 16.2% of salaries.  However, these contribution rates reflect not just the cost of ongoing benefits, but also the deficit reduction contributions paid in respect of previously accrued benefits.  Instead, it makes sense to calculate the cost of future benefits for a defined benefit pension scheme explicitly, as I do in this paper, and to compare it to the levels of contributions being made to defined contribution schemes.
2. Organisation of this paper
First, I outline way in which I calculate the cost of pension accrual, in Section 3.  In this section, I describe both the methodology I use, and the assumptions that I make.  In Section 4, I calculate the change in earnings, and the appropriate allowance for NICs and for income tax.  In section5 I present my results.  First, I give the total cost of accrual, before analysing the factors driving the year-to-year changes.  I then look at the impact of defined benefit pension accrual on the cost of employment for a company, and then on the value of earnings to an employee.
3. Calculating the cost of pension accrual
3.1. Overview
The cost pension accrual is calculated as a proportion of salary.  It is assumed that the benefit accrued is one-sixtieth of earnings, with a retirement age of 65.  It is also assumed that the nature of the benefit is career average revalued earnings (CARE): in other words, the pension accrued in any year is revalued to retirement in line with price inflation, subject to a maximum of 5% per annum over the period.  The pension is then paid for the lifetime of the individual, with increases being paid in line with statutory minima.  For simplicity, it is assumed that the individual accruing benefits is a man, that no spouse benefits are accrued, and that there is no guarantee period.  The analysis is carried out on an annual basis, and the period covered in the main analysis is the 12-month period starting 31 March 1995 to the twelve-month period starting 31 March 2015.  These dates are chosen to coincide with the changes in tax years that start a few days later on 6 April and, thus, tax rates and bands.  The discount and inflation rates as at the previous month end are used.
The cost of accrual as at 31 March 2015 can be used to calculate the impact of pensions for the twelve-month period to 31 March 2016.  However, it is interesting to consider the impact of interest rate changes in the light of the Brexit referendum, and also the potential move from statutory to conditional increases to pensions in payment.
On 23 June 2016, the United Kingdom voted to leave the European Union.  In order to offset the impact of this decision on the UK economy, the Bank of England cut base rates to 0.25% and embarked on a policy of Quantitative Easing (QE).  Research on the last program of QE that ran from 2009 to 2012 indicates that long-term bond yields has been lowered by anything from 30 to 125 basis points (Meier, 2009; Joyce et al., 2011; Christensen and Rudebusch, 2012; Breedon et al., 2012; Bridges and Thomas, 2012; and Kapetanios et al., 2012).  More specific research on the term structure of changes, as well as the impact on real interest rates, shows that pension scheme liabilities had been significantly inflated by the Bank of England’s purchases (Sweeting et al., 2013).  Given that long-term interest rates as at 30 September 2016 were significantly lower than they were as at 31 March 2016, it seems that the round of quantitative easing (Bank of England, 2016) is having a similar impact.  As such, I also look at the cost of accrual calculated on the 31 March 2015 basis, but using bond yields and expected inflation as at 31 March 2016 and 30 September 2016.
In a more recent development, it has been suggested that the guaranteed pensions in payment, whether at 5% LPI or 2.5% LPI, could be replaced with conditional indexation (Cumbo, 2016).  This is a mechanism by which increases to pensions are paid only if there are sufficient funds; otherwise, pensions remain flat.  It is straightforward to evaluate the impact of such a change on the cost of future accrual, so I look at how this would affect the estimated cost of accrual at 30 September 2016.
The cost of pension benefits is calculated by projecting into the future the payments arising from the year of pension accrual, and then discounting these payments back to give a present value.  More precisely, the value at time  of a payment made at time  (where  and is measured in years) to an individual currently aged  whose retirement age is 65 is , which is equal to:

(1)
where  is the projected population for age  and time ;  is the price index at time  used to revalue benefits before retirement;  is the capped price index used to increase benefits after retirement at time  – that is, the rate of change in the index is limited to some capped amount; and  is the spot discount rate for a term of .  The various price indices used are discussed in section 3.3.  The discount rate is discussed in section 4.  The total cost of accrual for age , per £1 of gross earnings,  is therefore obtained by summing the values of these individual cash flows:

(2)
The upper limit in this summation reflects the assumption that no individuals will live beyond 120.  This is built into the longevity model used, which I describe in section 3.2.  I further define the cost of accrual for an individual aged  evaluated at time  as .  This can be used to derive the change in the cost of accrual over time, as:

(3)
A similar formula can be used to calculate the impact on the cost of accrual of longevity, benefit changes and interest rates.  Let  be the cost of accrual for an individual aged  evaluated at time , but using the longevity data from .  The element of the change relating to longevity, , is therefore:

(4)
Equivalent expressions can be derived for the impact of benefit changes and interest rates.
3.2. The longevity model
Improving life expectancy clearly has an impact on the cost of future pension accrual.  There are two components of longevity that are of interest here.  The first is the expected change in longevity.  When moving from time  to time , one would expect the cost of accrual to increase because of anticipated improvements in life expectancy.  However, if the change in longevity is different from than anticipated, then this will clearly have an additional impact on the cost of pension accrual.
In modelling life expectancy, I assume that at any time , information on mortality rates will be available only up to time .  The mortality data used is central rate of mortality for England and Wales males aged 20 to 100, from the Human Mortality Database (2016).  The natural logarithm of mortality rates is extrapolated linearly from age 101 to 120, based on data from ages 81 to 100.  I then take data from  to  and ages 20 to 120, and apply singular value decomposition to the data, as described by Lee and Carter (1992).  I then fit a linear function to the time component, and project this forward.  Applying this to the age components gives projected central mortality rates for times  onward.  Each central mortality rate  is converted to an initial mortality rate, .  For age 20, the following formula is used:

(5)
for ages 21 to 100, the following approximation is used:

(6)
and for ages over 100, the following approximation is used:

(7)
Each year, a new year of mortality information is assumed to become available, so the projected mortality is recalculated.
As well as allowing the cost of the defined benefit accrual to be calculated, I am also able to isolate the impact on the cost of changes in longevity.
3.3. Benefit changes
A key part of the analysis is the impact on the cost of pension accrual of the benefit changes that have occurred due to legislation.  The first of these was the requirement to provide increases to pensions in payment in line with the Retail Prices Index (RPI), subject to a maximum of 5% per annum, from 5 April 1997.  This is known as 5% Limited Price Indexation, or 5% LPI.  Prior to 5 April 1997, no increases to pensions in payment were required unless a scheme was contracted out from the State Earnings-Related Pension Scheme.  From April 2005, this minimum requirement was reduced, with the cap being cut to 2.5% per annum, giving 2.5% LPI.  In terms of , this means that if, for example, the index is being considered at a time when 2.5% LPI is in force, the annual change in  cannot exceed 2.5% even if the change in RPI is greater than 2.5%.
From 5 April 2011 the rate of inflation used in the calculation of benefits was changed from the Retail Prices Index to the Consumer Prices Index (CPI).  This applies to both the rate underlying the 5% LPI increases to pensions in payment, and also to the increases to pensions in the period before retirement.  As stated in the section 3.1, the pension accrued in any year is revalued to retirement in line with price inflation, subject to a maximum of 5% per annum over the period.  Before 5 April 2011, this measure of inflation was RPI; after this date it was CPI.
As with the longevity cost, the change in the minimum benefits allows me not only to calculate the change in the cost of benefit accrual, but also to isolate the impact on benefit accrual of the change in the minimum benefits payable.
In practice, an individual may have experienced benefit changes over the last two decades other than those dictated by legislation.  Key amongst these is the change to a CARE basis from a final salary arrangement.  Whilst the former allows for pensions to increase up to retirement in line with prices, the latter allows for an increase in line with salaries.  The impact of this change depends on the difference between future salary and price inflation, and the age at which any change occurs.  Another potential change is a change to the retirement age, which again could take many forms.  As such, I look at the order of magnitude that such changes might bring but they do not form part of the central analysis.
3.4. Interest rate changes
Cribb and Emmerson (2016) make a key simplification in their model of pension costs, in that they assume a real discount rate of 3% per annum.  This simplification is appropriate for single-period cross-sectional analysis.  However, as I show in this paper, the change in discount rate has been an important factor in the changing value of defined benefit pensions.
The discount rate has more than one component.  First, there are the inflation rates used to project benefits.  Even if the benefit structure is not changing, the assumed rate of inflation by whatever measure is appropriate will develop over time.  For RPI, the assumed rate of inflation is taken from the Bank of England’s implied inflation spot curve.  This is calculated from the Bank of England’s nominal and real government bond spot curves.
All index-linked UK government bonds pay coupons based on RPI.  As such, information on the CPI spot curve is harder to find.  I therefore approximate it by deducting the average difference between historical RPI and CPI for the ten years before the calculation date from the implied inflation spot curve.
The projected cash flows are discounted using the spot rate on the UK nominal government bond yield curve at the appropriate term, as calculated by the Bank of England, plus a risk premium.  The risk premium is 1% per annum, which is consistent with the difference between the median single effective discount rate (SEDR) and the Bank of England 20-year nominal spot rate observed by the Pensions Regulator (2016) from 2005 to 2014.
4. Calculating the change in earnings
It is interesting to look at how the cost of defined benefit pensions has changed as a proportion of an individual’s earnings.  However, it is also instructive to combine this information with the changes in earnings themselves – both from the employer’s and the employee’s point of view.  From the employer’s point of view, I compare
· gross earnings excluding pensions;
· gross earnings plus employer National Insurance Contributions (NICs); and
· gross earnings plus employer National Insurance Contributions (NICs) plus defined benefit pension accrual.
From the employee’s point of view, I compare
· gross earnings excluding pensions;
· gross earnings less employee National Insurance Contributions (NICs) and income tax; and
· gross earnings less employee National Insurance Contributions (NICs) and income tax plus defined benefit pension accrual.
Initially, I define gross earnings as UK Private Sector Average Weekly Earnings from January 2000, and the UK Private Sector Average Earnings Index before this, both on a seasonally adjusted basis and including bonuses.  As these series overlap, I am able to construct a continuous series of annual earnings for the full period of analysis.  Annual figures for each twelve-month period running from April to the following March are calculated by converting the weekly earnings figure for each month to a monthly figure, and then aggregating over the twelve months.  The gross earnings series for the twelve-month period  is .  The percentage change in  is then defined as:

(8)
To determine the change in the total cost to the employer before pensions, which I denote , employer national insurance contributions,  , must be added to the numerator and denominator of (8): 

(9)
The change in net earnings including the cost of pension accrual from the employer’s point of view for an individual aged  for the year to time  is , defined as: 

(10)
where  is the cost of accruing an extra year’s pension per £1 of gross earnings for in individual aged  at time .  Note that this is the only earnings measure where age is relevant – in other words, I do not allow for any change in gross earnings by age.
From an employee’s point of view, the calculation is similar, except that NICs are a deduction rather than an addition, and that they are deducted along with income tax.  Here, the change in net earnings excluding pension accrual is , defined as: 

(11)
where represents employee NICs, and the income tax payable in year .  The change in net earnings including the cost of pension accrual from the employee’s point of view is , defined as: 

(12)
5. Results
5.1. Total cost of accrual
First, I look at the change in the cost of pension accrual.  As discussed in section 3.1, I consider the 12-month period starting 31 March 1995 to the twelve-month period starting 31 March 2015, but also look at the cost of accrual calculated on the 31 March 2015 basis, using bond yields and expected inflation as at 31 March 2016 and 30 September 2016.  These results are given in Figure 5.1 for a 40 year-old male with a retirement age of 65, assuming a discount rate of UK government bonds plus 1% per annum.
Figure 1 – Accrual rate for a 40 year-old male pension scheme member

Source: Bank of England, Office for National Statistics, author’s calculations
This shows that in March 1995, the cost of accrual was only 4.2% of earnings, dropping slightly the following year to 4.0% of earnings.  The cost of accrual then grew steadily to the period commencing 31 March 2000, peaking at 12.4%.  It then fell back slightly, before rising steadily up until 16.6% for the period commencing 31 March 2008.  March 2009 saw a sharp drop back to 10.7%.  The cost of accrual then rose gradually until March 2014, reaching 18.4%.  However, it then rose significantly in March 2015 to 25.4% of earnings, and again in September 2016 to 36.7% of earnings.  Interestingly, whilst conditional indexation would cut the cost of accrual significantly, it would still leave it at its highest ever level – 27.0% of earnings for the period commencing 30 September 2016.
5.2. Components of accrual cost
The three components of the change in the cost of accrual – benefits, longevity and interest rates – are described above, as is their calculation.  Because the sum of each of the three components leaves a rounding error, I allocate the error to each of the three components in proportion to the size of each component.  The results are shown in Figure 2.
Figure 2 – Components of the change in the accrual rate for a 40 year-old male pension scheme member

Source: Bank of England, Office for National Statistics, author’s calculations
Longevity increases have been a reasonably constant source of increasing pension costs.  Some years have been worse than others: 2006 and 2013 both saw longevity contributing to more than a 0.3% of earnings increase in the cost of accrual, whilst the average was only 0.2% per annum.  This variation largely reflects unexpected increases, rather than the variation arising from a population whose longevity is expected to improve.  Overall, though, this 0.2% increase is small compared to the 0.9% increase arising from interest rates, which I discuss later.
The impact of the change in benefits has been, on average, small: it accounts for an increase in the cost of accrual of 1.5% of earnings from 1996 to 1997, when 5% LPI was introduced, and then a drop of 0.3% of earnings when 5% LPI was replaced by 2.5% LPI in 2005.  The drop here was small because expected RPI inflation was not significantly higher than 2.5%.  A larger fall occurs in 2011 when RPI is replaced with CPI.  This is partly because increases in both payment and deferment are affected.
However, the suggested move to conditional indexation for pensions in payment would cause a much bigger drop in the cost of accrual: 9.6% of earnings.  This assumes that conditional indexation would mean that there would be no guaranteed increases in benefits in payment.  The change in cost is so high compared to the introduction of 5% LPI because long-term interest rates are so low now compared with 20 years ago.  Figure 3, which shows the 20-year spot rate for nominal UK government bonds and for implied RPI inflation, demonstrates this clearly.  This means that the present value of a change in future increases is correspondingly higher.
Figure 3 – 20-year government bond yield and implied RPI inflation rate

Source: Bank of England
Figure 3 also helps to explain the change in the cost of accrual due to nominal government bond yields and implied inflation, which I refer to together as interest rates.  Both of these fell sharply from 1996 to 1999, with nominal rates falling more than implied inflation.  This did lead to some noticeable increases in the cost of accrual, contributing to an increase of 2.0% of earnings in 1998 and 2.9% in 1999. However, because the 20-year bond yield in 1999 was still relatively high – at least when compared with the current yield – the impact was not catastrophic.
The combination of a rise in bond yields and a fall in implied inflation in 2001 led to a fall in the cost of accrual attributable to interest rates of 2.4% of earnings.  Changes were smaller for a few years until interest rates contributed to a rise in the cost of accrual of 2.6% of earnings in 2006 – this time, a fall in bond yields coincided with a rise in implied inflation.  The next big change was in 2009.  Although bond yields fell, implied inflation fell further, leading to a fall in the cost of accrual of 6.1% of earnings.  A significant part of this fall was reversed the following year, when a bounce in implied inflation resulted in the cost of accrual rising by 4.0% of earnings thanks to interest rate changes alone.  The next significant change happened in 2015, when falling bond yields added 6.9% of earnings to the cost of accrual, but even this was dwarfed by the fall in yields following the Brexit referendum: between March and September 2016, the fall in government bond yields added a further 10.9% of earnings to the cost of accrual on an annualised basis.
5.3. The cost of defined benefit pensions to employers
Having analysed not only the changes in the cost of accrual but also the drivers of these changes, I can now consider the impact of this cost on remuneration.  First, however, it is worth looking at how remuneration has changed before allowing for pensions.  If we concentrate on private sector earnings, we can easily see the impact of adding National Insurance contributions to employer costs, as indicated in Figure 4.  This shows the growth in earnings cost for individual earning 1, 2, 4 and 8 times average earnings.  The differences arise because of the differences in NIC rates and bands.  It is clear here that after 1999, the cost of employing people of all earnings levels increased as a proportion of gross earnings.
Figure 4 – Annualised net and gross cost of earnings, private sector including bonuses, seasonally adjusted, rebased to 100

Source: Office for National Statistics (Average Weekly Earnings from January 2000; constructed series using the Average Earnings Index before this), HMRC, author’s calculations
Focussing on the net earnings at the average level, I then consider the difference between the cost of employing an individual in a defined contribution scheme and a defined benefit scheme.  According to the Office for National Statistics (2015), members contribute on average 5% of earnings to private sector defined benefit pension schemes.  The Office for National Statistics (2003) also indicate that employee contributions to contributory defined benefit schemes have been at or around this level since at least 2000.  This amount must therefore be deducted from the cost of accrual, as it is a cost borne by the employee rather than the employer.
Until 2014, employer contributions to defined contribution schemes had also remained relatively stable, at around 6% of earnings.  As outlined in section 1.3, employer contribution rates dropped considerably at this point, following the introduction of auto-enrolment.  Since this drop in the average contribution rate is due to the addition of a heterogeneous population, and because the analysis is intended to be about the cost of defined benefit accrual rather than defined contribution provision, I assume a constant employer contribution of 6% of earnings for members of defined contribution schemes.  In Figure 5, I therefore show three series for a 40 year-old individual on average earnings: the total cost of employment excluding pensions; the total cost of employment including a 6% contribution to a defined contribution scheme; and the total cost of employment including the cost of accrual for a defined benefit scheme, net of a 5% employee contribution.
Figure 5 – Annualised cost of average earnings, private sector including bonuses, seasonally adjusted, allowing for pensions

Source: Office for National Statistics (Average Weekly Earnings from January 2000; constructed series using the Average Earnings Index before this), HMRC, author’s calculations
There are two key features in Figure 5.  First, the cost of employing a worker and providing a defined benefit pension has grown consistently more quickly than the cost of employing someone in a defined contribution scheme.  To be precise, the average increase for a defined benefit employee was 4.8% per annum over the last twenty years, compared with 3.7% per annum for a defined contribution employee – a difference of 1.1% per annum.  However, it is also interesting to note that until 1999-2000, it was actually more expensive to have an employee in a defined contribution scheme than to provide membership of a defined benefit scheme.
The key reason for this is that the analysis here is of a CARE scheme.  Whilst these are increasingly popular in the private sector (Vaughan, 2016), and near ubiquitous in the public sector (Cribb and Emmerson, 2015), this was not the case 20 years ago.  The change in the value of pension accrual moving from final salary to CARE is equivalent to the projected difference between salary inflation and price inflation.  However, the cost of such a change depends on when the cost is evaluated.  For example, if I use the difference between CPI inflation and private sector earnings inflation from April 1995 to April 2015 to derive an assumption for the forward-looking difference, I arrive at a figure for real earnings of 1.4% per annum.  On this basis, a move from a final salary scheme to a CARE arrangement as at March 2016 would be equivalent to a drop in the value of benefits of 42.9% for a 40 year-old with a retirement age of 65.  This would mean that the cost of employment for a member of a defined benefit pension member would be 24.1% higher than that of employing a defined contribution scheme member rather than 13.5% higher – in other words, moving from final salary to CARE would cut the cost of earnings by some 10% for a working population of 40 year-olds if no other changes were made.
However, using more real earnings data gives a different answer.  If instead I use the difference between CPI inflation and private sector earnings inflation from April 2005 to April 2015 to derive an assumption for the forward-looking difference, then real earnings appear to have fallen by 0.2% per annum.  On this basis, CARE actually appears more valuable than a final salary scheme by some 4% for the individual described above.
5.4. The value of defined benefit pensions to employees
Moving onto the value of defined benefit pensions for employees, I first look at earnings net of employee NICs and income tax.  It is clear from Figure 6 that after 2010, there was a significant move to increase redistribution, with net pay for the least well paid increasing relative to gross earnings, and the opposite happening for the most well-off.  Clearly, there is no guarantee that the net income for an individual would have increased by more or less than the average, but this does at least indicate an increasingly redistributive policy.
Figure 6 – Annualised net and gross value of private sector earnings, including bonuses, seasonally adjusted, rebased to 100

Source: Office for National Statistics (Average Weekly Earnings from January 2000; constructed series using the Average Earnings Index before this), HMRC, author’s calculations
When looking at the value of accrual in Figure 7, I again concentrate on a 40 year-old individual on average earnings with a retirement age of 65.  The result, unsurprisingly, has a similar profile to employer costs.  The results are similar numerically as well – the average increase in earnings for a defined benefit employee was 4.8% per annum over the last twenty years, compared with 3.8% per annum for a defined contribution employee – a difference of 1.0% per annum
Figure 7 – Annualised value of average private sector earnings, including bonuses, seasonally adjusted, allowing for pensions

Source: Office for National Statistics (Average Weekly Earnings from January 2000; constructed series using the Average Earnings Index before this), HMRC, author’s calculations
6. Conclusion
The cost of employing a member of defined benefit pension scheme has outpaced the cost of employing someone in a defined contribution arrangement over the last twenty years.  From 1995 to 2015, the difference in the total cost has been some 1.1% of earnings per annum.  When looking instead from an employee’s point of view, the difference in change in the value of a defined benefit scheme relative to a defined contribution arrangement is similar – around 1.0% of earnings per annum.  This means that allowing for an employee contribution of 5% of earnings, the cost of accrual grew from -0.8% of earnings in March 1995 (when the total cost was only 4.8% of earnings) to 20.4% of earnings in March 2015.
The average impact of interest rate changes on the change in the cost of accrual is 0.9% per annum.  This is significantly more than the average impact of longevity improvements, which is 0.2% per annum.  Both of these have added to the total cost.  However, benefit changes marginally offset these increases, by around 0.05% per annum on average.
Looking only at changes in interest rates, the change in cost from March 2015 to March 2016 was small, with the estimated cost of accrual to the employer rising only slightly, to 20.6%.  However, following the Brexit vote and the subsequent reintroduction of quantitative easing, the estimated cost of accrual has risen to 31.7% as at September 2016.
If the current 2.5% LPI increases to pensions in payment were removed and replaced with conditional indexation, the cost of accrual for the employer would fall back to 22.0%.
The total cost of defined benefit accrual – including employee contributions – is therefore 36.6% of earnings as at September 2016, a number that would fall to 27.0% of earnings 2.5% LPI increases were removed.  Contrast this with current payments to defined contribution schemes, which in 2015 stood at 4.0% of earnings, of which employers contributed 2.5%.  It is likely that these figures are depressed by the large number of newly-auto-enrolled members.  But even before auto-enrolment, the total contribution rate to defined contribution schemes was only 8.5%, with employers paying 6.0%.  This is marginally above the maximum auto-enrolment level that will be reached in April 2019, of 8% of earnings, with employers paying at least 3% – less than a third of the amount needed to match even a non-increasing defined benefit pension.
If we remain in a low growth, low interest rate environment, contributions to defined contribution schemes will need to rise sharply.  If they do not, individuals relying on these schemes will reach retirement with inadequate assets and very uncertain futures – and the only group able to support them will be taxpayers.
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Gross	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	100	104.68520650334638	110.34017554681085	116.08090590334706	121.64811542074023	130.03549124628751	135.36906902775252	139.4977811834471	144.63262665431941	150.34631176692264	157.15818468082753	165.62670570850278	173.97345070062173	176.00742301950075	177.88853040051737	180.58420321603268	184.36874015294055	186.26159015848316	189.66544157013044	192.85779960563821	198.43813739590394	Net (1x)	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	100	105.7824315166401	112.2192258842307	117.85818963815426	124.6411447587766	133.95550448694175	140.17118101661728	144.25807631035738	147.51506438534466	153.11357910565803	159.81118469958707	167.95622309093517	176.13009765512737	180.78494362924067	183.71753402806843	186.20167351484739	191.73286732728062	195.19686540304505	201.22645154029615	205.53414043791327	211.96445662654227	Net (2x)	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	100	106.15664042159052	113.45737139968155	119.37327502149681	125.92591674022238	134.9221899820333	140.1379220311386	144.08182006265633	146.95947449148332	152.53589334967083	159.0606934643294	166.97480590540994	175.01740907731966	178.31214176175072	181.71174266138408	183.94774949165645	186.11094737346596	188.57285626364481	192.34827562344174	195.91681359984878	201.46568674435525	Net (4x)	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	100	105.59688146283672	111.86051252286619	117.48019935208127	123.33158025471879	131.61313490549455	136.8401717954454	140.83605494643726	143.62083555846056	149.17123590832168	155.72203241895468	163.75970815936057	171.81216942883074	174.49265635211938	177.16134377177352	179.56750229473701	181.02580564408822	183.18089208730831	186.70564072843453	190.02628752191075	195.46014205654339	Net (8x)	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	100	105.16309139900146	111.137110978238	116.81439232499127	122.53055977017657	130.86246589071837	136.14019670359636	140.19928209770057	142.9552858372866	148.53806868288672	155.15906964069927	163.33459100112546	171.46088535121677	173.81761994207719	176.09664601764581	173.86494024387525	174.49040773879645	176.2866551605712	182.23479357481054	185.23334775839891	190.25165588228356	Date

Earnings (rebased to 100 for 4/1995-3/1996)

Gross earnings	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	12986.861939812188	13595.323239996884	14329.726262410732	15075.266988150977	15798.272802074915	16887.529720911924	17580.194103843281	18116.384251395582	18783.239543520467	19525.267940769852	20409.916471614142	21509.711605822289	22593.69185441696	22857.841031363776	23102.137849876024	23452.221156776046	23943.713743833468	24189.535560781012	24631.589044247994	25046.176174943888	25770.886939540862	Gross earnings less employee NICs and income tax	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	9723.990260877923	10286.273338397943	10912.18659581519	11460.518882061155	12120.092777390193	13025.820210220108	13630.231990613431	14027.641290948995	14344.350494158713	14888.749520315801	15540.024035981478	16332.046775900935	17126.873542459361	17579.510311641006	17864.675116414459	18106.232598175469	18644.085345806758	18980.924181331091	19567.240550088634	19986.119798961845	20611.403118887785	Gross earnings less employee NICs and income tax, plus and DC pension value	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	10307.429676530599	10903.44973870182	11566.917791564103	12148.150014984825	12847.298344033605	13807.369422833315	14448.045910050238	14869.299768405936	15205.011523808236	15782.07449153475	16472.425478140369	17311.969582454993	18154.485955006923	18634.280930339468	18936.555623399327	19192.606554065998	19762.730466555164	20119.779632210957	20741.274983093954	21185.286986899555	21848.087306021054	Gross earnings less employee NICs and income tax, plus and DB pension value	4/1995-3/1996	4/1996-3/1997	4/1997-3/1998	4/1998-3/1999	4/1999-3/2000	4/2000-3/2001	4/2001-3/2002	4/2002-3/2003	4/2003-3/2004	4/2004-3/2005	4/2005-3/2006	4/2006-3/2007	4/2007-3/2008	4/2008-3/2009	4/2009-3/2010	4/2010-3/2011	4/2011-3/2012	4/2012-3/2013	4/2013-3/2014	4/2014-3/2015	4/2015-3/2016	9644.2643324329074	10183.074952708022	11011.512804941261	11803.316915701243	12859.357487209591	13995.156806018576	14331.800552058929	14836.840976909923	15181.096494668007	16039.984946535114	16716.382555311175	18060.891402629182	18896.408993845384	19623.817662553305	18888.651909656652	19917.207112684671	20156.366679385959	20948.299045998017	22171.179723478541	22654.944707772676	24806.260944547001	Date


Cost of earnings




Cost of Accrual	31/3/1995	31/3/1996	31/3/1997	31/3/1998	31/3/1999	31/3/2000	31/3/2001	31/3/2002	31/3/2003	31/3/2004	31/3/2005	31/3/2006	31/3/2007	31/3/2008	31/3/2009	31/3/2010	31/3/2011	31/3/2012	31/3/2013	31/3/2014	31/3/2015	31/3/2016*	30/9/2016*	4.1801109801006948	4.0884239355752818	3.9967368910498688	4.953484421841555	5.9102319526332412	6.9506766798405302	7.99112140704782	9.54530926319865	11.099497119349481	11.770576039843405	12.441654960337331	11.294402757275616	10.1471505542139	10.457879449052971	10.768608343892041	10.800943725789999	10.833279107687959	11.78276486090367	12.732250614119382	12.651056773722637	12.56986293332589	14.077729884554083	15.585596835782276	15.458760106693106	15.331923377603937	15.980422144957497	16.628920912311056	13.680386610898024	10.731852309484992	12.866896137564023	15.001939965643055	14.056629741746981	13.111319517850905	14.238165220387547	15.36501092292419	16.836328637817214	18.30764635271024	18.330519142496236	18.353391932282232	21.852756764775322	25.352121597268411	25.481865801108658	25.611610004948904	36.64766996830334	Impact of Conditional Indexation	31/3/1995	31/3/1996	31/3/1997	31/3/1998	31/3/1999	31/3/2000	31/3/2001	31/3/2002	31/3/2003	31/3/2004	31/3/2005	31/3/2006	31/3/2007	31/3/2008	31/3/2009	31/3/2010	31/3/2011	31/3/2012	31/3/2013	31/3/2014	31/3/2015	31/3/2016*	30/9/2016*	25.611610004948904	27.038730963807854	Date


Cost of accrual (% of earnings)




1

