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176 GESIlON DU PORTEFEUILLE D'UNE CAISSE DE RETRAKE 

RESUME 

L'auteur consi&re qu'il n'y a aucun espoir & trouver une &fmitian la fois ptique et 
universelle du risque d'investissement Dam cet article, il utilise, dans le cas d'une caisse 
de retraite, une &finition & risque qui est une fonction de la relation de cash flow entre 
les actifs et les engagements. Dam l'interpr6tation des consCquences du risque 
d'investissement, les objectifs stradgiques des adrninistrateurs et de l'institution de 
patronage doivent &re d6terminants. 

On prknte une m6tlxxie de dCtemhation de la c o m b i o n  d'actifs strat6giques ii 
long terrne, fon& sur cette &finition du risque, et qui tient compte des facteurs de base 
qui influent sur le risque. Cette dthode utilise une technique de m&lisation actifs- 
engagements pour essayer de &termher la solution la plus efficace du point & vue du 
risque. 

Une fois la cunb'maison strat6gique d'actifs, il mvient d'op6rer un conrr6le 
sysdmatique des actifs et engagements. Pour &re eficace, ce contr6le devrait Cue 
annuel. 



PENSION FUND POKI'F'€)LIO MANAGEMENT 

BY PEIER LUDWC 

1 - Introduction 

Actuaries are rightly COIlCerned with the mathematical analysis of risk. Many speakers 
at this first AFIR International Colloquium will present highly sophisticated 
mathematical models designed to give us more insight into the analysis of risks. 

This mathematical basis for actuarial work is clearly vital. Yet I do sometimes feel that 
as a profession, we actuaries place more emphasis on the mathematical subtleties of our 
work than the realities of the world as our clients see them. 

My primary concern is advising pension fund's Trustees and Sponsors on their 
investment arrangement, including long - term asset allocation. This is an area which 
has long been hampered by no real agreement as to what constitutes risk in this context, 
and no real agreement as to how such risks should be measured. It is my belief that a 
major part of this problem has been that the analysis has been collcentrated on trying to 
find definitive answers that will satisfy every pension fund, rather than seeking to 
provide solutions that cater for the risk tolerances of individual funds. 

My paper will therefore deal with the following four areas : 

1. The diff~culty of providing universal defmitions of risk for pension fund investment 
saategies. 

2. The possible risk elements that should be considered in putting together an 
investment strategy for a pension fund. 

3. Delivering risk - efficient solutions for individual pension funds through a 
canbination of mathematical analysis and the clients objectives. 

4. Monitoring as a tool for analysing deviatim from risk - efficient position. 

2 - Risk for Pension Fund Investment Strategies 

The classical defmition of "investment risk" was given by Markowitz (1) where the key 
cozlcepts are that 

(Ml) the investment risk is a function of the uncertainty of the return ; and 

(M2) the investment risk can be measured by the dispersion of the return. 

More recently, Clarkson (2) put forward a more general definition, where the key 
concepts are that 

(Cl) the investment return is a function of both the probability of the return being below 
a certain threshold and also of the severity of the financial consequences arising 
£tom these values of return ; and 



(C2) the investment risk can be measured by the expectation (using the probability 
distributim of the retum) of an application specific weighting function satisfying a 
number of assumpticms. 

Markowitz definiton is simple to understand and apply, but in my view it is 
unsatisfactory from the client's point of view as it completely ignure what is Wing 
risked as a result of the volatility. ClClarksan's developnent is theoretically interesting, but 
I would find it difficult to apply in particular cases and to explain to the client. 

Fram a practical point of view I believe that we need a formulation that is readily 
understandable by the client and, most importantly, measures the investment risk 
through quantities that the client finds of relevance. As an example, I w d d  translate the 
invesunent risk into likely variability of the contribution rate (if its stability was of 
importance to the client). Each client will have his own areas of concern and with 
different levels of importance and severity of consequences attached to them, thus 
making it futile to try to have a universal measure of risk (even though from a purely 
axiomatic point of view Clarksonts furmulation would be satisfactory). 

One of my main functions is to provide strategic asset allocation advice on the 
investment of pension fund assets, and in this context I believe that the most relevant 
&fintion would be 

(1) the investment risk is a functim of the relatimhip between the casMows of the 
asset and liabilities ; and 

(2) the investment risk can be measured by the effect of the dispemion of the net 
cashflow ("incane" - "outgo") on a client defined objective. 

'Ihe ratianale for this +h is intuitively obvious. Pension fund exists to pay benefits 
(in cash form) to employed members and f o m  members on the happening of certain 
events in the future (e.g death, retirement), and in general these benefits will be based on 
the salary and service completed at the time they ceased to be employed members. 

'The fund's assets are normally not held in cash, and so the real investment risk is that the 
fund may not provide the necessary cash to meet the payments when due, by converting 
the noncash assets into cash. Since the worth of the cash convertibility of an asset 
varies directly with the volatility of its investment return the two concepts are often used 
synonymously. However, there is a si

gnifi

cant transient cash content in most assets, 
namely the investment income (and redemption value for redeemable securities at 
maturity). The canversion of assets to cash may therefore not be necessary if one can 
&manstrate that the receipts fiam the investments together with the contributions from 
the Spcnsor (and members if any) are sufficient to meet the cash requirements of the 
liability stream 

Clearly, this &finition of risk is "client specific" and there is no hope of universal 
measure of risk b e i i  suitable in all cases. However, I believe this interpretation of 
"investment risk" gives us a universal approach to the measurement of risk 
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3 - Risk elements for "Benchmark" Portfolio 

Investment risk lies mainly in not generating sufficient cashflows to pay the emerging 
benefits, varying in both the amount and incidem due to the uncertainty of economic 
(investment returns, inflation and earnings growth) and demographic (mortality, 
withdrawal and early retimnents) factors, and having to realise some invesbnents at the 
time when their market value is less then anticipated. This risk is minimised if the assets' 
income profde is matched with the liability profde. The @1e af a stream of payments 
(both be

nefi

t payments and income payments) can be summarised by : 

(1) Duration - normally expressed as the weighted term of the payments, where 
the weights are the discounted present values of those payments. This can also 
be described as a measure of sensitivity to changes in rates of return, with long 
duration signifying that a small change in the expected rate of return will cause a 
large change in the present value of the asset or liability ; and 

(2) Sensitivity to economic factors - in particular price inflation and real earnings 
growth. 

When the duration of assets and liabilities is matched, the actuarial values of the assets 
and liabilities change by a similar amaunt and the solvency ratio is therefore pr~ected 
against changes in interest rates. However, the incidence of payments of the liabilities 
and the income from the assets can be quite different even when the durations are 
matched, thus exposing the fund to the risk of forced realisation of assets. Another 
important use of the duration of the liabilities is that it gives us the appropriate tirnescale 
over which to view the investment risk due to volatility. As duration increases, the 
volatility of the annualised investment returns &cream significantly; for example, over 
twenty year tirnescale the volatility is less than one-sixth of the volatility f a  me year. 

The complex ptocess of finding the most risk - efficient mix of assets to meet the long 
term (liability driven) investment strategy is considered further later on. 

The different types of assets and liabilities we would consider in our asset/liability 
model are : 

Protection 
against 
Price 

Asset 'I)pe Inflation 

Cash (Variable Rate) Limited 

Fixed Rate Bonds No 
Indexed Bonds Yes 

Praperty Same 
UK Quities Some 
Overseas Equities Some 

Real returns positively 
Correlated with real 

UK ecolyxnic growth 
(Salary increases) 

No 

Limited 

Limited 

Yes 
Yes 

No 

Merit 
Income 
Yield 

12.75 

9950 

3.00 
6.00 

4950 

2900 

Duration 
in years 

0.0 

9.0 
14.0 
l6,7 
22,2 

s0,o 



Plans 
Liability ?)pes 

FixedKiuaranteed W n  
Pensions (No discxeti~nary 
h a s e e s )  
Pensions with discretionary 
increases 
Former Employees (Deferred 
Pensions) 
Cumnt employed Members 
(within 10 years of NRA) 
Current Employed Members 
(possible future withdrawal) 

Linked to Increases positively Range of 'Qpical 
Rice correlated with duration average 
Inflation UKeconwnicgrowth in years duration 

Yes No @13 8 

Low NO 7-57 37 

NO Yes 7-17 12 

Some Yes 17-57 27 

It is common to look at assets in relation to past service liabilities, but as the fund is on- 
going we can offset the current contributions against the pensioners's benefits. In the 
majority of Plans the current Convibutions (fm employees and the Sponsor) are more 
than ~ ~ c i e n t  to cover the pensioner's benefits, and in those cases we can match the 
duration and sensitivity of the assets to the Current Employed Members and Deferred 
Pensioners. However, if it is at all likely that the plan might be discontinued we should 
exclude the future contribution income from our analysis. Current conditions in the UK 
(emergence of significant pension fund surpluses and new regulations on their 
treatment) often lead to the temporary suspension of the Sponsor's canhibutions and it is 
therefore necessary to consider the current funding levels before allowing for the 
Sponsor's conhibutions to continue. 

4 - Delivering risk - eficient solutions 

As we stated previously, the objective of pension fund investment is to fund the liability 
casMow. That may seem quite straightforward but note that it is a quite different 
objective from maximising either the value of the pension fund's assets or overall 
returns. The difference is akin to the difiere~lce between investment and speculation. 

The assumption of anyone who acts to reduce risk is that the risk is bad and the less of 
it one is subject to the more comfortable one feels. Yet risk policy is the control lever on 
any investment portfolio ; one cannot control returns except by eliminating risk and 
accepting a lower expectation of retum. 

It is well dawnented that certain risks, specifically market risks, are positively related 
to returns both historically and expectationaly. The Trustees brief is not to simply 
minimise all risks, but to eliminate UIlCOrnpensated risks and then to strike a balance 
between compensated risk/expected rehlms and the requirement to fwd the liabilities 
with minimum cost and maximum stability. This balance requires a clear understanding 
of the goals of the pension fund, which are : 
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The Fiduciary Objective - maximising the probability that the fund meets its funding 
obligations ; 

The Funding Objective - minimising the cost of the funding source ; 
The Stability Objective - enhanciig the predictability of demands on the plan Sponsor 

for funding fmance. 

The difficulty for the Trustees and the Sponsor is that these three goals are not 
compatible. In general high return strategies that best achieve their fiduciary and 
fudmg objectives are achevied only at the cost of stability. It is our view that when the 
'Ihstees and plan Sponsors Coclcentrate on risk reduction, this emphasises stability, but 
is sacrificing the (possibility) more important objectives. 

It is understandable that stability and risk reduction is important to corporate 
management. ?hey often expend great effort on promoting more stability and growth of 
the company income, and volatile pension funding demands disrupt this corporate 
planning. SSAP 24 in the UK and FAS 87 in the USA cause pension experience to more 
strongly impact balance sheets and income statements, and plan Sponsors will be even 
more attracted to strategies that stabilise pension assets. 

Clearly before a risk - efficient investment strategy can biconsidered in &tail the client 
will have to decide which objectives are to be most important and what level of risk 
(expressed in their t e rn  of reference, e.g. contribution level or solvency level) they are 
prepared to tolerate. Without detailed discussion of these principles with the Trustees 
and Sponsor it is likely that an unduly cautious strategy is adopted, at the cost of lower 
returns and ultimately higher costs to the Sponsor. 

One key variable in the determination of what is risky is the time over which the 
investment strategy is to cane good. A risk reduction strategy appropriate for longer 
time horizon may be quite dangerous if applied to an inveshnent problem with a short 
horizon or vice versa. When the horixm covers a short period of time such as a year, the 
strategy is to match the current liabilities with current assets, for example cash. For a 
funding stream of intermediate horizon, such as the previously promised benefits for 
current pensioners, risk minimisation involves insuring against interest rate changes 
through the use of fixed income investments of appropriate duration to minimise the 
amount of selling. But bonds alone cannot cover all the risks of a pension plan since 
bonds do not participate in productivity gains. 

The principal long term risk (for employed members) has been previously identified as 
real wage growth risk ; only equities with their automatic participation in productivity 
gains can adequately ensure against this long tern risk. It is our view that fixed interest 
investment has no natural place in a pension portfolio, except in special situations 
which would be identified through asset/liability modelling. 

To carry out the assethiability modelling excercie we : 

(1) Deteamine the benefit cashflow over the next ten years, using the best estimates 
of demographic and ecommic factors (unless given spec if^ guidance about new 



entrants we would ignore them as their contribution to the cashflow analysis is 
generally beneficial). 

'Pddng the current pension fund portfolio as a starting point we carry out a 
projection of the investments, using best estimates of the investment returns 
(separating capital growth and current yields) and the fume cashflow of 
amhibutiolls less benefits from (1). 

From the results in (2) we can see what canbination of investment income and 
COntfibutim is re~uired to meet the payments to benefbaries without having to 
resort to sales of investments and this gives us a first set of constraints (if any) on 
the strategic asset mix. 

Once we have agreed the basic investment areas that the 'lhstees would wish to 
be invested in, for example UK Equities, Overseas Equities, Property and 
Index Linked Gilts we can undertake an optimisation process to find asset 
canbinatians with the best return f a  a given level of risk (volatility of returns) 
The results will depend on the forecasted tetums f a  each investment area, 
together with their expected variability and correlatians. 

Using the strategic asset mixes (the client would usually want to see the 
~ ~ ~ ~ ( j e ~ ~ e n c e s  of several levels of investment return risk) we repeat step (2) with 
an allowance for the costs of restructuring. The results are then used later on in 
the determination of the emerging surplus which determines the future levels of 
solvency and the volatility of contributim. 

To complete the actuarial analysis of the liabilities we need to estimate the past 
service reserves in the Zuture years. Using the economic and demographic 
assumptions as in (1) we project the current active and pensioner population f a  
the next ten years (assuming a stable active membership pflle) and carry out a 
valuation in each of the projection years using the current valuatian assumptim. 

From (5) and (6) we can determine the actuarial surplus in each of the projection 
years on the expected basis, and we can estimate the likely trend of the werall 
contributicm required to maintain a given level of solvency. 

The next step is to investigate the volatility of the surplus due to the variability 
of the ecanomic scenario and investment returns. At present we use a 
combinatia~ of analytical and statistical tools to obtain the volatility of the 
surplus, and we are cummUy developing an approach based an the stochastic 
modelling techniques as described in Wikie (3). This should provide us and the 
client with a greater insight into the 'shape' of the probability distribution of the 
surplus. 

I believe that the establishment of a strategic "benchmark portfolio asset mix after a full 
discussion of the nature of the liabilities, and the degree of tolerance to the acceptance of 
short - term and long - term risk is essential in establishing the ground rules for 
evaluation and monitoring of the investment manager's performance. 
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5 - Role of Monitwing 

As stated above, the investment strategy for a pension fund should be related to its 
liabilities and the objectives of the Trustees and the Sponsor. When discussing with the 
client the need for a monitoring process axe the strategy has been settled, it is helpful to 
think of the p i o n  fund as ane of the opexating divisions of the Sponsor. It relies on the 
same source of cash as the other divisions and will have a significant effect on the 
Sponsds cashflow (and balance sheet due to SSAP 24 in UK and FAS 87 in the US). It 
is very cammon for the size of the fund to be comparable with (and often greater then) 
the market capitalisation of the Spansar and in my view it should be subject to the same 
standards of mcnitoring and controls as the other operating divisions. 

When the strategic asset allocation policy is settled, it should be monitored on regular 
basis. The frequency could be subject to debate, but I would settle for annual reviews. 
What is important to realise here is that I am not only concerned with the normal 
investment performance monitoring process, which I would carry out on a quarterly 
basis, but with a complete reappraisal of the assets and liability structure. 

However good our estimates of future events are, they are likely to be different from 
reality, and we need to check on our estimates by carrying out regular investigations. 
Some of my colleagues feel that the frequency of the actua@ valuations (typically 
three years in the UK) should be sufiicient but I think that is too lcng a time to wait to 
discover that the liability profile changed from that assumed in our projections. More 
unportantly, if stability of contributions and solvency levels is important it is probably 
better to have small adjustments annually then large adjustments every three years. I do 
not feel that it would be practical (or acceptable to the client) to actually cany out a full 
scale valuation every year, but as a part of the assefliability model one can build a 
mathematical model of the liabilities that can be tested on an annual basis with 
relatively little input of data. 

On the assets side, the strategic asset mix depends on the expectations of the future long 
term returns from the individual sectors and their correlations. Neither changes very 
quickly, but I feel one could be accuse of negligence not to at least examine on an 
annual basis whethex the assumptions for the estimates are still valid. 

With the growing acceptance of specialist management and detailed investment targets 
being given to the investment managers, the role of the performance mcasurer will 
change. At present, the measurers provide standard report ranking the manager among 
his peers. The approach can only be valid on the assumptian that all the funds in their 
universe have the same target, namely maximise overall investment return. When 
specific investment brief is given to a manager, he can be only compared with another 
one with the same brief. 

One possible scenario is that the measurer will provide the basic analyses and statistics, 
possibly including the risk analyses on both historical and current basis (as measured, 
for example, by the BARRA system) to the consultant who will then provide to the 
client customised reports analysing the performance in relation to the agreed 
benchmarks. 



'Ihere will amtinue to be a need to monitor the manager from the point of view how his 
performance compares with his peers, but in a different fam than at present. I Canfess 
that I do not know what fam it shoud take to have some predictive power ! 

synopsis 

'Ihe author believes that there is no hope of finding a universal practical M i t i o n  of 
investment risk. Instead the paper uses a defmition of risk for a pensian fund to be a 
function of the casMow relationship between the assets and liabilities. In the 
interpretation of the cazlse~uertlce~ of the investment risk the business objectives of the 
Trustees and the Sponsar must be paramount. 

Using this defmitim of risk, and having considered the basic factors that influence the 
risk, an approach to the determination of the long term strategic asset mix is presented. 
It uses asset/liability modelling techniques to try to f i  the most riskefficient solution. 

Having found the strategic asset mix, both the assets and liabilities need to be 
monitored. To achieve effective control this process shwld be on an annual basis. 
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