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INTRODUCTION 

Pension Fund actuaries have traditionally concentrated in their reports on 
presenting ''present values" and valuation balance sheets, and of 
contribution rates. Developing computer power now brings new options, for 
example, to model a pension fund's liabilities and assets or to carry out 
Monte Carlo simulations. 

In the context of defined benefit plans, the important client is the 
sponsoring employer, usually in the shape of the Finance Director. He is 
increasingly interested in the. pension fund, because of the need to 
control its costs, both in accounting terms and (if different) in cash 
contributions required; and its impact on the employer's balance sheet. 
Finance Directors are therefore looking for tools, and advice, which will 
help them to understand the impact of their pension plan on the employer's 
finances. This will include asking ''what if" questions, relating to 
contribution levels and their effect on plan solvency. 

This paper, which applies only to defined benefit plans, relates to 
projections of pension liabilities and assets, and of future income and 
outgo. I will concentrate on the use to which projection models may be 
put in giving actuarial advice, rather than the technical problems of 
calculations and computer programming. 



The paper is divided into the following sections: 

1. Why Project? 
2. Projections - Methods 
3. Valuation and Scenario Assumptions 
4. Use of Projections 
5. Advantages and Difficulties 
6. Extensions 
7. Conclusions 



1. WHY PROJECT? 

Consider a typical actuarial valuation. The results are usually 
presented as two sets of figures, involving discounted present 
values for past service and future service separately. A simplified 
example might be: 

Value of assets 
Value of accrued liabilities 

E millions 

3.0 
4.0 

Unfunded liability 

(b) Future Service (Normal Cost) 

Value of accruing benefits 
Value of annual salaries 

Normal Cost 

(c) Overall contribution reauired 

Normal Cost 
Amortization of unfunded 

Total 

E millions 

0.8 p.a. 
6.7 p.a. 
- 

11.9 % of salaries 
- 

11.9 
2.0 (for 8 years) 
- 

13.9 
- 

The assumptions used in each part of these calculations would be the 
same. 



This presentation is fine for actuaries, but less numerate clients 
may have problems with all the figures. Also, what would happen if 
a period other than 8 years is chosen, or the employer is unable to 
afford 13.9%, or if investment returns for the next few years are 
expected to be larger than the long-term assumption. 

Some of these difficulties can be sidestepped, by choosing a desired 
contribution rate and trying it out. Projections can be used to 
show the effect over various periods of years, and at the same time 
can illustrate the effect of alternative assumptions. The example 
above, from the same starting point, might be expected to develop as 
follows: 

Valuation Date: 
Year 1 

2 

3 
4 
5 
6 
7 
8 
9 
10 

Assets 
f m 

3.0 
4.8 
6.6 
7.0 
8.5 
9.7 
10.9 
12.3 
13.7 
15.1 
17.3 

However, this is also a mass of figures, not easily assimilated. A 
better presentation will be a graphical one, so that the eye can 
concentrate on the trend of the figures. After all, the figures 
furthest out are particularly speculative and their exact values do 
not really matter. 



The presentation might be: 

Projected Assets & Liabilities 



PROJECTlONS - METHODS 

We start by valuing the accrued liabilities and assets of the plan 
at the valuation date. 

Taking one year at a time, the fist step in the projections is to 
estimate what the movements of members will be in the next year, 
including expected deaths, retirements, leavers, early retirements 
and new joiners. Members joining may simply replace exits to 
maintain the overall membership, or may be more or less than this 
because of an expected growth or decline in overall numbers. At the 
same time, any expected changes in salaries, amounts of pension etc. 
will be calculated. 

The next step is to estimate the income expected from investments 
and contributions, and the payment. expected to be made for 
benefits, expenses, insurance premiums, etc. during the year. It is 
then possible to construct projected income and expenditure accounts 
for the year, and to put a value on the remaining assets in order to 
construct a fund balance sheet at the year-end. 

We now have both the membership and the asset values at the end of 
the year, and we can value the members in order to compare assets 
with liabilities in the same way as at the starting valuation date. 
This will of course be based on the same Cost Method as was used in 
the valuation. 

The valuation process will naturally allow for the fact that 
remaining members now have one year's additional service, and are 
one year older. Nevertheless, the average age and past service may 
not have changed very much, due to the influx of new members at 



young ages and with no past senrice. It is actually quite 
instructive to look at the values emerging for these two items, to 
see whether the assumptions used imply a "steady state" or perhaps 
an aging population. 

The projections are repeated for the number of years required, 
usually a fairly short period such as 5 or 10 years, to avoid the 
expanding funnel of doubt which affects longer periods. Valuations 
of the accrued liabilities and assets are made each year, or at any 
other interval required. 

Although the procedure described above is quite onerous, it is often 
possible to obtain a rough idea of the projected assets and 
liabilities without going to so much effort. This is especially 
true when one simple variation from the calculation assumptions is 
being studied: for example if investment returns are greater than 
expected. In such cases it is normal to conduct a "back of an 
envelope" calculation. 



3. VALUATION AND SCENARIO ASSUMPTIONS 

I refer to the assumptions used to value liabilities and assets at 
any given point as the "calculation basis". They should be chosen 
as those appropriate to the long-term for determining solvency. 
Fortunately, the nature of long-term assumptions is such that they 
are not likely to change rapidly. Theoretically, there is no reason 
why the calculation basis could not be varied in future years, but 
in most cases it is unlikely that so much trouble would be taken. 
It is convenient to have stable assumptions for measuring purposes, 
so that the resulting figures form a comparable series. 

The assumptions used to represeht movements of members, investment 
returns, inflation, etc. during the period of the projection (which 
1 will call the "scenario basis") should be those appropriate to the 
short term of 5 or 10 years. They will often be different from the 
calculation basis, which is used to value liabilities coming into 
payment 40 or more years ahead. The economic elements such as 
investment returns and inflation could be different for each of the 
projection years. This allows a smooth transition from current 
experience at the start of the projection period, to the long term 
calculation basis near the end of the projection period. 

The type of assumptions used needs rethinking for projection 
purposes, especially the decrements. For example, in the 
calculation basis it may be possible to ignore early retirements, on 
the grounds that any benefits payable are of the same actuarial 
value as the reserves set up for members retiring. This is usually 
not so with the scenario assumptions, where ignoring early 
retirements could make a big difference to the cash flows expected 
in particular years. Thus, each element of the scenario assumptions 
needs to be individually realistic, whereas it is sufficient for the 
calculation basis to give realistic results taken as a whole. 



4. USE OF PROJECTIONS 

Projection models have a wide range of uses, in financial control, 
risk management, decision making, and long-term planning. Examples 
include: 

To advise employers on the range of contribution rates that 
would be appropriate, illustrated by varying contribution 
patterns (and perhaps varying scenario assumptions). For 
example, to show the effect of a contribution holiday, and 
give some idea of whether its effects might be made up by good 
investment returns. 

The calculations could be rerun on different scenario 
assumptions to show sensitivity analyses, that is 
illustrations of how the outcome could vary under economic 
scenarios different from expected. 

Similarly, "what if" calculations can look at other 
possibilities. Examples are an illustration with no new 
joiners, to show the effect if the plan is closed to new 
entrants; or with a high rate of early retirements, to 
illustrate the effect of a redundancy program. 

To illustrate how close the plan is likely to come to any 
statutory funding limits (underfunding or overfunding) and 
therefore constraiil future contribution patterns. An early 
warning of potential difficulties can help to take action 
while it is possible to correct the position more easily. 

Projections may help the actuary who has to sign statutory 
certificates, for example the Certificate of Solvency for UK 
contracting-out purposes. In many cases this is not 



difficult, but five year projections on various bases would be 
of significant help in the minority of cases which are more 
difficult. 

(e) Where full yearly valuations are not the norm (as in the UK) 
an approximate valuation at any date can be constructed 
without obtaining fresh data, by a projection forward from the 
last full valuation. For this purpose, the scenario 
assumptions would of course be set equal to the known outcome, 
e.g. for the investment return, members' average salary 
increases and the actual turnover of staff. 

This treats the projection as an approximation to obtaining 
full new data on each member, and the actuary would have to 
take care that such averaging of the data does not lead to 
significant errors. 

(h) The best known application of projections at present is 
probably asset/liability studies. They comprise projections 
of cash flows, and of assets and liabilities, using various 
alternative models for the distribution of assets between 
investment markets. Each model is combined with a number of 
different scenario assumptions, incorporating different rates 
of inflation, interest rates, investment returns, etc., in 
order to show how that mixture of assets stands up to 
favourable or adverse economic circumstances. 

This pro&ss can help decide on the mixture of investments 
which best meets trustees' objectives, which may for example 
be either high security or high returns. It can also be of 
help in determining the pattern of asset maturities required 
in those plans which expect a high outgo on benefits. 



5. ADVANTAGES AND DIFFICULTIES 

Projection methods are flexible and can deal with a wide range of 
situations. The greatest advantage, however, is the realistic 
nature of the short-term assumptions used and the figures which 
emerge, which are therefore more easily understood by employers and 
trustees. Many are familiar with similar projections, using 
spreadsheets, in their own business operations. They may in fact 
wish to use the same economic assumptions. hojection methods offer 
a chance of drawing the client into the modelling process. 

It is best to concentrate on the 5 or 10 years of the immediate 
future. This avoids the appearance of projecting 40 years or more 
ahead, though of course the liability calculations each year do 
still allow for members ageing. 

The modelling process involved in projections provides a good 
explanation of how pension fund finances work, and may be a useful 
tool in training courses for pensions work. 

Projections do however involve heavy number crunching, particularly 
if each individual member is projected and valued separately. If 

the numbers of members are large, the calculations can be quite slow 
even when powerful computers are used. It may therefore be 
necessary to rethink valuation methods, in order to keep the 
calculations to a reasonable length of time. In some areas, 
approximations may be acceptable. Whatever is done, the fee cost to 
the client is likely to be fairly high, ruling out small clients 
unless the work can be standardized and reduced. 

The scenario assumptions, like all actuarial assumptions, will 
invariably turn out to be "wrong", leading to somewhat different 
outturns from those originally projected. Presentations should 



therefore include some discussion of variability, so that clients 
are prepared for this and do not lose faith in the projection 

process. Prediction is particularly error-prone if it includes the 
market values of investments, and in this event it may be desirable 
to show several alternative projections of assets. Another element 
which is difficult to predict is the incidence of early retirements, 
particularly if redundancies are possible. 

A technical objection in some countries may be that legislative or 
accounting requirements demand actuarial calculations based on a 
particular costing method, so that determining contribution rates by 
consideration of alternative projections may not be acceptable. The 
rules in the UK are fairly flexible, and although actuarial methods 
have to be described in a report, they do not have to be totally 
standardized. For descriptive purposes, a projection method could 
perhaps be regarded as a version of the Projected Unit Credit Cost 
Method, if the accrued liabilities built up from year-to-year are 
those defined under that Method. 



- - 
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6. EXTENSIONS 

Once projection methods have been established, it is likely that 
further applications will suggest themselves, or the calculations 
can be modified to produce new effects. Two which come to mind 
are: 

(a) Calculations based on stochastic variations in the scenario 
assumptions. This will probably involve many computer runs, 
with each scenario assumption picked randomly from an assumed 
statistical distribution. The output items such as cash 
flows, assets and liabilities, can then be tabulated or 
graphed as corresponding distributions, and their mean and 
standard deviation can be displayed. This approach is often 
adopted already, for asset/ liability studies. 

The theoretical problem to be solved is what statistical 
distribution should be assumed for each parameter, what should 
be their mean and standard deviation, and what co-variance 
should be assumed between the parameters? The practical 
problem is explaining all this theory to clients! A lot of 
thought has to be given to presentation of the results and of 
their limitations. 

(b) Alternatively, we can move in the direction of speeding up the 
calculations, probably by simplifying them. It may be 
possible to achieve sufficiently fast ''what if' calculations 
to be displayed in real time on a VDU screen in front of the 
client, probably graphically. For the calculations and 
display to be completed within a reasonable time would usually 
require some comer cutting in the calculations. Clearly this 



has its dangers, and the actuary has to be sure that the 
particular pension plan can be fairly represented by whatever 
approximations have been used. 

There may be a danger that, once such a display has been set 
up and debugged (no easy matter in itself, if there are 
extensive approximations involved), the additional runs will 
seem too easy to the client. A colleague has suggested to me 
that the art of consultancy is to restrict what you give to 
clients, so that they come back for more! 



CONCLUSIONS 

Using projections instead of traditional pensions methods will 
inevitably have an effect on the way we worlc, and perhaps on the way 
we organize ourselves also. For example, one effect could be to 
bring closer together the work of pensions actuaries and investment 
actuaries. 

This type of modelling is already well accepted in many areas of 
actuarial work It is a very natural and flexible method, and is 
likely to be extended to many other uses in the future. With 
computer power increasing, and much better portable computers 
becoming available, there will be a tendency to undertake more 
number crunching methods, of which this is but one example. 


