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(1) Most pension fund managers would now expect to be asked 
to submit their pension fund to the scrutiny of investment 
performance, so that the Company paymasters can determine 
whether they are securing a reasonable rate of return compared 
with the investment returns secured by other pension funds. The 
reason for the growth in the number of funds submitted to invest- 
ment performance survey is not hard to find, since the very size of 
such pension funds and the important part which they play in the 
economy, in respect of both the nation as a whole and the Com- 
pany which runs the fund, are sufficient justification for participa- 
tion in investment performance measurement. Bad investment 
results mean that a company would have to pay more into its 
pension fund than would otherwise be the case to ensure its 
solvency by the actuarial standards adopted or in the absence of 
additional payment have to reduce its level ofbenefit, or pay lower 
pension increases. 

(2) company paymasters are also seeking the answer to an 
additional question. They want to know that their fund has 
secured a "real rate ofreturn", when compared with the rise in the 
cost of living or pay rates, even if their investment performance 
has been good relative to the investment performance of other 
pension funds. There is often disbelief that a pension fund can 
have secured a real rate of return during a period of high inflation 
because of the tendency to compare the running yield secured 
from the fund with the rate of pay increase, forgetting that the 
capital value of the investments themselves may have changed 
OV& the period in question. 

(3) We first need therefore to identify what we mean by "real 
rate of return". There are two main definitions. The first defini- 
tion is that the real rate of return is equal to the difference between 
the rate of investment return secured by the fund, having regard 
both to its investment income and changes in its capital values, 
and the rate at which wages have increased over the same period. 
A second definition is that the real rate of return is equal to the 
difference between the rate of investment return secured by the 
fund and the rise in the cost of living over the same period. In my 
view, it is more important for a pension fund to aim to secure a 
real rate of return, where that return is measured by reference to 
rises in the wage rates paid to its employees, than where that 
return is measured by reference to the rise in the cost of living, 
since the growth in the liabilities of the pension fund to its existing 
employees are dependent upon the growth in its wage levels. 
Furthermore, investment managers of pension schemes, which 
have contracted out of the State Earnings Related pension Scheme 
will want to know that they have secured a greater real rate of 
return upon the investment of the contracted-out national 
insurance contribution abatement than that assumed by the 
Government Actuary in calculating the financial terms of 
contracting-out, since he will need to satisfy the Company pay- 
masters that the decision taken to contract out of the State Earn- 
ings Related Pension Scheme, has been justified by the investment 
performance ofthe Company's pension fund. 

(4) The contributions which a company pays to its pension 
fund are normally determined as a percentage of its payroll, and 
the amount of pension ultimately payable is also normally depen- 
dent upon an individual's rates of pay in his final year or years of 
employment. An investment manager might want to convince his 
Company paymaster that, if the company makes a contribution 
equal to, say, 10 per cent. of payroll in 1973, then the value of 
those contributions, together with interest and capital apprecia- 
tion resulting therefrom accumulated to, say, 1983, would result 
in a value at least equal to I0 per cent. of the then payroll assum- 
ing a constant membership, or alternatively that if the Company 
pays a contribution equal to 10 per cent. of Mr. Blogg's salary, 
then the accumulated value of the contributions paid during the 
course of his employment should be equal to 10 per cent. of Mr. 
Blogg's final salary multiplied by the length of his contributory 
service. This notion would assume that Mr. Blogg follows an 
average wage career during his employment. 

( 5 )  It is possible to determine the real rate of return which a 
superannuation fund should have achieved by the use of a model 
fund. This model fund is assumed to be invested in a mixture of 
equities as measured by the Financial Times Actuaries All-Share 
Index and fixed interest investments as measured by a suitable 
government gilt-edged security. 

Different returns may be obtained from the model by 
assuming different mixtures of equities and fixed interest 
securities, for example, a mixture of one-half equities, one-half 
fixed interest, and so on. It is then assumed that the model fund 
has received contributions, which are a fixed percentage of payroll 
during the period of years over which it is wished to asses. the real 
rate ofreturn, that no benefits have been paid and that payroll has 
increased in line with national average earnings. It is assumed that 
re-investment of investment income is made at the end of the 
month following its receipt, and that the expenses of re- 
investment amont to 4 per cent. in the case of equities and about % 
per cent. in the case of fixed interest securities. It is also assumed 
that each month is equal to one-twelfth ofa year. 

(6) The formula used to assess the rate of return secured by the 
model fund is determined on the assumption that contributions 
are paid at the beginning of each month on the basis of wages then 
being paid and invested immediately in the index. It is also 
assumed that investment income is re-invested in the same securi- 
ties from which the income was derived. The formula therefore 
produces a cumulative model fund which you can start and stop at 
any time to cover any period over which you wish to measure the 
rate of return. 

(7) Since the notional contributions which are invested in the 
model fund follow national average earnings, it becomes a 
relatively easy compound interest exercise to determine the 
average annual rate of interest secured on the invested contribu- 
tions over the period in question, and then to compare this annual 
rate with the average annual rate which would have been required 
from the investment of the contributions in order for their cumu- 
lative value to equal exactly the rise in national average wages. 

(8) The results may be derived from the following formula:- 
Let, Pt = All-Share Actuaries lndex at time t 

Dt = All-Share Dividend Yield at time t 
Qt = Price of Treasury 8Wo 1997 at time t 

Et = Running Yield on Treasury 8% 1997 at time t 
It = Wage Index at time t 

Fund at time x t=x-l 
invested in = 3 5 It(l + .96Dt+l)(l + .96Dt+2) 
All-Share lndex (A Pt 
say) t=O 

. . . . . . . . (1 +.96Dx) 

Fundat time x t=x-l 
invested in Qx~t(l  + .995Et+l)(l + .995Et+2) 
Fixed-Interest Q 
Index (B say) t=O 

. . . . . . . . (1 +.995Ex) 

Fund at time x 
required to match = x I, 
inflation (C say) 

Equivalent Rate of - - 
Return 

Accumulated t=x-l 
Contributions (D 
say) = 2 ' t ( ~ + i r - t  



So we require the rates of interest i, which give D = A, 
D = ' B a n d ~ = c .  

It-mav be seen from the above formulae that:- 

and likewise, 

(9) The appropriate factors from which the calculated real 
rates of retum may be derived can be built up in columnar form in 
the manner set out in Appendices A and B. The method also has 
the advantage that it can be continuously updated whenever new 
indices are published. In the case of the fixed interest index, it will 
be noted that interest is paid half-yearly on 1st March and 1st 
September on the stock taken, namely Treasury 8% 1997 Loan 
Stock, and due allowance has therefore been made for these dates 
in calculating interest paid, making allowance also for the time 
when the Stock goes ex-dividend on the market. 

(10) A number of basic criticisms may be levelled at the use of 
the statistics derived by these formulae ifthe results are to be used 
generally. Firstly, market values vary considerably from time to 
time and there are points of time when market values are low, 
which would result in the fund aooearina to secure a neeative real 
rate of return whereas the following month a recoveryf market 
values could indicate that a positive real rate of return might have 
been secured upon the money invested. Is there, therefore, a better 
yardstick to use than market values? Secondly, salaries of an 
individual company do not actually grow in line with national 
average wages but by reference to their own index of wages which 
is of course dependent upon the growth (or decline) of the 
Company in question. Is it still a relevant question to ask whether 
their fund had secured a real rate of return by reference to national 
average wages, when that rate of return should be measured by 
reference to their own wage index? Thirdly, contribution rates 
vary and pension funds do pay benefits to beneficiaries so that the 
incidence of contributions net of expenses received for pension 
funds are not in practice as smoothly arranged as in the model 
fund. Finally, investments are not actually made in the propor- 
tions which have to be assumed in the formula not in the exact 
proportions specified in the indices. The fund manager will want 
to know therefore how their actual performance has compared 
with the theoretical model assumed. 

(I I) The first criticism can be answered in two parts. It is 
important within either formula to retain an element of market 
values since purchases of securities are made at the market values 
which are relevant at the time of purchase. However, it is not so 
necessary to retain market values when we look at the ultimate 
value which a particular contribution has reached. It can be 
argued that in these circumstances it is better to adopt a common 
yardstick bf measurement of the value of investments such as the 
concept of their "actuarial value", namely the discounted value of 
the income assumed to be derived from the particular set of 
investments allowing.appropriately for the redemption monies 
and for anticipated rises in dividend levels. It will be noted that 
immediately an investment is made by the payment ofa contribu- 
tion, its actuarial value ,becomes the discounted value of the 
investments purchased, which is different from the amount of the 
contribution invested in the first place. A specific concept which 
can be used is to determine the actuarial value of the model fund 
at the end of the period over which you wish to measure the real 
rate of return, and compare this value with the cumulative value 
of the contributions paid, after they have been adjusted by their 
actuarial value. 

(12) The market value of a particular set of securities at any 
point of time may be converted into their actuarial value by 
application ofthe following adjustment: 

Adjustment = Dividend Level at time t 

Valuation Rate of Interest - Dividend Increase Rate 

Fixed Interest 

Adjustment = 8.75 aby+ + 1 0 0 ~ ~ 7 - 1  

Mid-Market Price 

In the case of the fixed interest securities, due allowance is 
made for the timing ofthe receipt of dividend income and redemp- 
tion monies, as well as the time when the stock goes ex-dividend 
on the market. 

(13) Variable results arise from the use ofthese actuarial adjust- 
ment formulae depending upon the underlying rate of interest and 
dividend increases used in their calculation. 

For the purpose of this exercise, it is assumed that the 
underlying valuation rate of interest is 10 per cent. per annum, 
and that the underlying growth rate in dividend levels assumed is 5 
per cent. per annum with annual stops or a continuous growth in 
dividend levels at the rate of 4.76 19 per cent. per annum. 

(14) Examples of the effect in this change in the formula may be 
seen in Appendix B, from which it appears that the real rate of 
return emerging from the use of this extension to the formula is 
much more even from year to year. 

(15) It is quite clear that the pay rates ofa particular company 
do not increase at the same rate as increases in national average 
earnings, as implied by the statistics which have been used for the 
purpose ofthis particular exercise. In the long-term, however, it is 
probable that the rate of growth in the earnings of the average 
employee in a particular company will be correlated to the growth 
in national average earnings when averaged over a long period, 
since otherwise the company's pay levels would progressively get 
out of step. However, an individual's pay would expect to grow 
during his career with the company on account of increasing age 
and responsibility, and this growth would be additional to the 
growth arising in respect ofgeneral pay levels. 

(16) It would be possible to compare the actual growth rate in 
the average pay applicable to a particular company or group of 
employees with the increase applicable over the same period of 
time in respect of national average earnings. This adjustment on 
account of actual pay levels can then be applied to the rate of 
return required in order that the model fund should exactly equal 
that required over the period under measurement. The adjust- 
ment factor may be determined thus:- 

Salary ofgroup National average wage 

the square root of at time x at time o 

Salary of group National average wage 
at time o at time t 

(17) This adjustment must be regarded as crude, since it would 
assume that the different growth rate in the salary levels has been 
evenly distributed over the period and that market values also 
have changed evenly over the period; the latter is most certainly 
untrue, and the adjustment will therefore be regarded in the light 
of all its deficiencies. Unless one can substitute an actual pay 
growth rate for the wage index, there is no alternative to the crude 
adjustment suggested above. 

(18) The third criticism referred to in paragraph (8) relates to 
the fact that the amounts invested by pension funds are the aggre- 
gate of contributions and investment income net of expenditure. 
However, expenditure normally arises because benefits have to be 
paid. In the case of pensioners, the expenditure could be regarded 
as taking place out of his own individual fund which has been built 
up during the course of his career with the company and out of 
which his benefits are now being paid. We might be concerned to 
determine whether the fund that was needed to be set up to secure 
his benefits obtained a real rate of return during the course of its 
formation. In the case ofbenefits paid out to persons not retiring, 
for example, persons who change their employment or who die in 
service, then the fund is making an actuarial gain or loss, and this 
should not be regarded as effecting the calculation to determine 



whether the fund secured a real rate of return over the period in 
question. 

(19) One item of expenditure does, however, have an effect 
upon the results of this exercise, namely the cost of actually 
making the investments in the first place. In the case of equities, 
these expenses are stamp duty, commission and the jobber's tum, 
which, as in the case of the re-investment of investment income, 
we can take as 4 per cent. of the initial amount invested. In the 
case of fixed interest investments, however, the expenses of the 
initial investment will probably be somewhat less than the 
expenses arising in respect of the re-investment of the investment 
income; the allowance for expenses taken in the case of fixed 
interest investments is therefore 0.3 per cent. only. These adjust- 
ments are used in the examples set out in the Appendices. 

(20) The fourth criticism referred to in paragraph (8) relates to 
the fact that the actual investment performance of a particular 
pension hnd will not correspond exactly to that of the model 
fund. However, there are a number of investment performance 
measurement services available at present and in most cases the 
comparison of the actual performance of a specific pension fund is 
made with the performance of an index, normally the All-Share 
Index, so that a direct comparison can then be made with the 
return which would have been secured from an investment in the 
All-Share Index. 

(21) The investment performance results produced by my own 
Firm show the following returns for the average pension fund 
participatingin the service for the years 1971 to 1980:- 

Calendar year to Rate of return secured by the 

31st December median fund relative to the 
All-Share lndex 

(22) It should be noted that the rates of return set out in the 
previous paragraph mean that, for example in the case of 1971, 
the market value of the average fund at 3 1st December 1971 was 
93.4 per cent. of what it would have been had the fund been 
entirely invested at the All-Share Index. If the rates of return are 
accumulated over the ten years specified, it will be noted that the 
average fund would have a market value of some 86.1 per cent. of 
the market value which would have been applicable had the 

-.investments made been entirely in the All-Share Index. 

(23) The investment performance results set out in paragraph 
(2 I) suffer from the disadvantage that only the performance of the 
UK Stock Exchange securities held by the pension funds included 
have been measured against the All-Share Index, overseas securi- 
ties and property investments have been excluded. No doubt, it is 
possible to make some further adjustments to the examples set out 

in the Appendices to allow for this deficiency, but such adjust- 
ments would be open to criticism because in the first place, the 
performance of overseas securities has varied considerably 
depending upon their location, and also the operation of the 
"dollar premium", which until recently had to be paid under 
Exchange Control regulations on any U K  investments being made 
overseas. In the second place, the performance of property 
investments depends very much upon the value which the valuer 
feels disposed to place upon the investments and therefore values 
are not subject to the disciplines ofa market place. 

(24) The tables which provide the statistics from which the real 
rates of return can be determined are set out in Appendices A and 
B following this paper. In addition, a number of examples are also 
set out which demonstrate how the tables can be used for this 
purpose. 

(25) The tables may be retained for permanent use merely by 
adding on the new statistics for the All-Share Index, Fixed Interest 
Index and National Wage increases, whenever the relevant 
statistics are published, so that continued updating may be easily 
achieved. For convenience, the tables start as at 1st January 197 1, 
but prior statistics can be included if desired, although this will 
alter the cumulative statistics shown in the tables. Some complica- 
tions would arise if it is desired to measure a period beginning 
before the availability of the Financial Times Actuaries All-Share 
lndex or before the issue of the relevant Treasury Loan used, 
although providing that care is taken to ensure that an appropriate 
conversion rate is introduced at the point of time at which the 
index measurement used is changed, then the whole process can 
revert to the continuous process as shown in the Appendices. 

(26) A further refinement which can be allowed for relates to the 
matter referred to in paragraph (3). namely the rate of return 
relative to the rise in the cost of living, rather than rises in national 
average earnings. The adjustment required in this case is equal 
t0:- 

Cost of living index Wage index 

the tth root of at time t at time o 
n 

Cost of living index Wage index 
at time o at time t 

The adjustment may then be applied to the rate of return 
required to provide the fund which exactly matches the growth in 
wage levels, and the difference between the adjusted figure and the 
rate of return actually achieved by the model fund can then be 
regarded as the real rate of return secured by reference to the rise 
in the cost of living. 

(27) The formulae may be easily adapted for use with other 
statistics relating-to cpuntries other than the UK.-The results set 
' out in the Appendices should be regarded solely as of interest and 

do not purport to throw any light on the likely trends of future real 
rates of return, inflation, pay increase rates, nor any correlation 
which these factors are assumed to have with increases in dividend 
levels or returns from fixed interest investments. 

(28) The calculations are easily adapted for the use of 
computers, and indeed are more suited to computerisation than 
other means of calculations. For the sake of this paper, however, it 
has been thought appropriate to set out statistics and examples 
which can be followed by the use ofa desk or pocket calculator. 



Appendix A 

Fixed 
. . 

Date 
Wage Dividend "" 222 Adjustment Interest Adjustment 
Index . . . A Model B at 1 'A% at 1 %% Yield Interest 



Appendix A (cont'd) 

Fixed CantributbnsCarbikrtbns 

Date Fixed 222 Adjustment lnterast Adjustment Amrmubted Aaamwhted d: Dkie:: Interest 
Index Index Fund A Model B at 1 'h% at 1 %% 

Fund mr month mr month 
(I) (2) (3) (4) (5) 



Notes on tables 
(I) The Equity Model Fund has been determined using the 
formulae set out in paragraph (8). 

(2) Adjustment A is the factor which enables the Equity Model 
Fund to be established for intermediate months which are not at 
the beginning or end ofthe table. The fomula is 
(6)= (6L1 x (2) x (1 + .96(3))/(2L1 

(3) The fixed Interest Model Fund set out in column (7) has 
been calculated by the use ofthe following formula:- 

[(7LI + ]- (4)/(4Ll, with the addition every March or 

September as apdropriate, of an amount equal to (7L1 x 8.75 x 
.995/2(4)-1. 

Examples 
(I) What is the likely real rate of return, allowing for expenses, 
which would have been secured over the period from 1st January 
197 1 to 1st September 198 1 ofa model fund invested two-thirds in 
equities and one-third in fixed interest, which is a period of 128 
months? 

Model Fund Invested in All-Share 
Index = 79270.6 x .96 
Model Fund Invested in Fixed 
Interest Index = 50503.2 x ,997 
Market Value of Model Fund at 
1.9.8 1 = 67540.3 
Model Fund accumulated at I th% 
per month = 81095.7 
Model Fund accumulated at It& 
per month = 68892.4 
Fund Required at 1.9.81 to match 
Wage Increase = 128 x 520.4 

= 6661 1.2 

To  determine rate of return secured on model fund 

let (8 1095.7)x (68892.4)l-x = 67540.3 
x log 8 1095.7 +(I-x) log68892.4 = log 67540.3 
4.908998~ +4.838 17 1 (I-x) = 4.829563 

x = ,1215371 
Rate of Return = 1.25-,1215371 x.25 

= 1.219616%permonth 
or = 15.66% per annum 

To determine rate required to match wage increases 

(8 1095.7F (68892.4)l-x = 6661 1.2 
4.908998~ +4.838 17 1 (I-x) = 4.823547 

x = -.206475 
Rate ofReturn required = 1.25-.206475 x .25 

= 1.1983810/opermonth 
or = 15.37% per annum 

The real rate of return secured by the model fundover the 
period = 15.66% - 15.37% 

= 0.29% 

(2) What is the likely real rate of return secured over the period 
1st October 1973 to 1st February 1980 of a model fund invested 
one-half in equities and one-half in fixed interest, which is a 
period of 76 months? 

Model Fund Invested in All-Share Index 

=46844.0-4470.5 x%~= 37847.9 x .96 

Model Fund Invested in Fixed Interest Index 

=36096.6-4183.1 xEO-28405 .7x .997  1.115- 

Market,Value ofModel Fund at 1.2.80= 32327.2 

Model Fund accumulated at I M% per month 
=53270.5-5610.3 x(l.015)76=35876.3 

Model Fund accumulated at I %9b per month 
=4639l.l -5375.8 x(l.0125)~6=32572.5 
Fund required at 1.2.80 to match = 76 x 424.2 = 32239.2 

To  determine rate of return secured on model fund 
let (35876.3F (32572.5)l-~ = 32327.2 
x log 35876.3 +(I-x) log 32572.5 = log 32327.2 
4.554808x+4.512851 (1-X) = 4.509568 

x = -.078247 

Rate ofReturn = 1.25 - ,078247 x .25 
= 1.230438% per month 

or = 15.81%perannum 
To determine rate required to match wage increases 

(35876.3p (32572.5$-~ = 32239.2 
4.554808~+4.512851(1-x) = 4.508384 

x = -. 106463 

Rate of Return required = 1.25- ,106463~ .25 
= 1.223384% per month 

or = 15.71%perannum 

The real rate of return secured by the model fund over the 
period= 15.81%- 15.71% 

= 0.lO:h 
(3Ma) What is the lik%ly real rate of return secured over the period 
1st January 1971 to 1st January 1981 of a fund whose investment 
performance closely resembles that of the average of pension 
funds over that period? 
Model Fund Invested in All-Share 
Index = 6303 1.3 x .96 

= 60510.0 
Model Fund accumulated at I b% 
per month = 68240.2 
Model Fund accumulated at 1 %% 
per month = 58593.3 
Fund Required at 1.1.81 to match 
wage increases = 1 2 0 ~ 4 7 9 . 2  

= 57504 

To determine rate of return secured on model fund 

let (68240.2p (58593.3)I-~ = 605 10.0 
4.834040~ + 4.767848(1-X) = 4.781827 
,066 192x = .013979 

x = ,211189 

Rate of Return = 1.25+.211189x.25 
= 1.302797% per month 
= 16.80% per annum 

Rate of Return secured by average pension fund over the 
ten year period by reference to the All-Share index, see paragraph 
(2), is 0.861. The Rate of Return secured is y, say, where, 

( I  +y)lo = (l.1680)1°x.861 
I + y  = 1.1506 

Rate of Return = 15.06% per annum 
To determine rate re uired to match wage increases 

8(68240.2~ (58593.3$-~ = 57504 
4.834040~ + 4.767848(1-x) = 4.759698 
,066 1 9 2 ~  = -.008 150 

x = -.I23127 

Rate of Return = 1.25-.123127x.25 
= 1.219218%permonth -- = 15.65% perannum 

A pension fund performing crosery to the average of 
pension funds over the ten year period 1st January 197 1 to 3 1st 
December 1980 will therefore have secured a negative rate of 
return relative to the wage index of0.59% per annum. 

(b) By how much over the same period has the average annual 
wage increase exceeded the average annual cost of living increase? 

See Paragraph 26 
-- 

277.3 114.2 

The average annual wage increase has exceeded the average 
annual cost of living increase by 1.49%, and therefore the real rate 
of return secured by the model fund over the ten year period is 
0.9% per annum (i.e. 1.49% - 0.59%). 



Appendix B 

Date 

Contributlons Contributlons 
actuarlally actuarlally 

Actuarial adjusted for adjusted tor 
Adjustment All-Share All-Share 
to All-Share to Index and Index and 

Index In:::: accumulated accumulated 
at l%% per at 1 %%per 

month month 

(1) (2) 

Contributlons Contrlbutlons 
actuarlally actuarially 

adjusted for adjusted for 
fixed fixed 

Interest index interest lndex 
and and 

accumulated accumulated 
at 1 Oh% per at 1 I%% per 

month month 

(5) 

Cost of 
Living 
lndex 



Appendix B (cont'd) 

Date 

Actuarial 
Adjustment 
to All-Share 

lndex 

Actuarial 
Adjustment 

to nxed 
Interest 

lndex 

Contributions 
actuarially 

adjusted for 
AlCShare 
lndex and 

accumulated 
at 1 H% per 

month 

Contributions 
actuarially 

adjusted for 
All-Share 
lndex and 

accumulated 
at 1 %% per 

month 

Contributions 
actuarially 

adjusted tor 
fixed 

interest index 
and 

accumulated 
at lH% per 

month 

(5) 
18784.8 
19416.2 
20063.6 
20724.1 
21403.5 
22090.7 
22804.6 
23532.7 
24297.7 
25096.2 
25896.3 
26692.8 
27475.4 
28272.1 
29042.1 
29841.7 
30657.3 
31490.5 
32345.7 
33203.8 
34010.0 
34846.7 
35720.9 
36591.8 
37494.3 
38423.1 
39382.0 
40373.6 
41394.2 
42428.5 
43476.9 
44550.3 
45646.5 
46763.9 
47911.1 
49069.9 
50287.7 
5 1508.1 
52702.4 
53918.9 
55187.5 
56494.2 
57807.1 
59135.3 
60509.0 
61939.1 
63443.0 
64968.3 
66509.8 
681 11.8 
69746.4 
7 1378.1 
73055.6 
74752.7 
76452.7 
78215.8 
7998 1.9 
81770.5 
83598.1 
85470.0 
87380.9 
89328.8 

Contributions 
actuarially 

adjusted for 
fixed 

interest index 
and 

accumulated 
at l%%per 

month 

Cost of 
Uving 
lndex 

- 
(7) 



Appendix B (cont'd) 

Date 

Actuarial 
Adjustment 
to All-Share 

lndex 

Actuarial 
Adjustment 

to Fixed 
Interest 

lndex 

Contributions 
actuarially 

adjusted for 
All-Share 
lndex and 

accumulated 
at 1 lh% per 

month 

Notes on Tables - Appendix B 

(I)  The actuarial adjustments set out in columns (I) and (2) are 
based upon the formula referred to in paragraph (12). 

(2) The accumulation of contributions set out in columns (3). 
(4), (5) and (6) follow exactly the same formula used to produce 
columns (9) and (10) in Appendix A, but allowing for the wage 
index applicable at the time the contribution is paid adjusted by 
reference to the actuarial adjustments in the manner indicated in 
paragraph (I I). 

Examples 
(I)  In the first example under Appendix A, what would the 
real rate of return have been relative to actuarial values? 
Actuarial values of:- 

Model Fund invested in 
All-Share Index = 79270.6 x .96 x 1.086 
Model Fund invested in Fixed 
Interest Index = 50573.2 x ,997 x z  

65.25 

Actuarial value of Model Fund 
at 1.9.81 = 78765.6 
Actuarial Model Fund 2 accumulated at I lh% per month = 99665.9 x1+87399.7 x-  

= 91488.4 3 

Actuarial Model Fund 
accumulated at I I N o  per month = 85208.7 x 1 +  75 169.6 x ?  

= 78516.0 3 
Fund required to match wage increases (see example I - 
Aooendix A) 

To determine rate of return secured on Model Fund 
let (91488.4)~ (785 16.0)l-~ = 78765.6 
x log91488.4+(1-x) log 785160 = log 78765.6 
4.961 366x +(I-x)4.894958 = 4.8963375 

,066408~ = +.001379 
x = 4.020765 

Rate of Return = 1.25 + ,020765 x .25 
= 1.255191% per month 

or = 16. I5Yo per annum 

To determine rate required to match wage increases 

(9 1488.4)x (785 16.0)~-x = 81002.8 
4.961366~ + (I-x)4.894958 = 4.908500 

.066408x = .013542 
x = .2039212 

Contributions 
actuarially 

adjusted for 
All-Share 
lndex and 

accumulated 
at 1 %%per 

month 

Contributions 
actuarially 

adjusted for 
fixed 

interest index 
and 

accumulated 
at 1 'h% per 

month 
91285.7 
9329 1.3 
95353.6 
9747 1 .o 
99665.9 

Contributions 
actuarially 

adjusted for 
fixed 

interest index 
and 

accumulated 
at 1 I%% per 

month 
78450.4 
80065.7 
81727.8 
83434.9 
85208.7 

Cost Of 
Living 
lndex 

Rates of return required = 1.25 + .20392 1 x .25 
= 1.300980'Yo per month 

or = 16.78% perannum 
The real rates of return secured by the model fund adjusted 

for actuarial values = 16.15 - 16.78 
= 0.63% per annum 

(2) In the third example under Appendix A, what would the 
real rate of return have been in relation to actuarial values? 

Actuarial value ofi- 

Model Fund invested in 
All-Share index = 6303 1.3 x .96 x 1.220 

= 73822.3 
Model Fund accumulated at 
l '%Yo per month = 73240.8 
Model Fund accumulated at 
l '/i% per month = 63676.9 

Fund required to match wage increases 
= 57504 x 1.220 = 701 54.9 
To determine the rate of return secured on the model fund 

let (73240.8p (63676.9)l-x = 73822.3 
4.864753~ +4.803982(1-x) = 4.868 188 

x = 1.056524 
Rate of return = 1.25 + 1.056524 x .25 

= 1.514131 permonth 
= 19.76% perannum 

Rate of return for average pension fund (see example 3 - 
Appendix A) by reference to the All-Share index is 0.86 1 .  

The rates of Return secured is y where 
(1 +y)I0 = (1 .1976)~~0 .861  

I + Y  = 1.1798 
Rate of Return = 17.9890 perannum 

To determine the rate required to match wage increases 

(73240.8)x (63676.9)l-x = 70154.9 
4.864752~ +4.803982(l-x) = 4.846058 

x = 0.692369 
Rate of Return = 1.25 +0.692369 x .25 

= 1.423092 per month 
or =18.48% perannum 

A pension fund performing closely to the average of 
pension funds over the ten year period 1st January 1971 to 30th 
December 198 1 will therefore have secured a negative real annual 
rate of return relative to the wage index of0.50%. 
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