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This paper is based on a presentation made to the UK 

Pensions Convention in Harrogate in 1991 jointly by the 

author and Pramit Ghose of Ireland. The author 

acknowledges the very great part played by his 

colleague in the development of the methodology 

described. 

Background 

In the UK, in the 1970s, pension funds were largely 

homogeneous. Liabilities were expanding rapidly as a 

result of salary inflation, giving rise to deficits 

and, thus, strong positive cash flow from significant 

employer contributions. 

The 1980s saw significant real returns from assets, 

particularly equities, whilst the growth in 

liabilities sharply slackened, due to lower salary 

inflation and significant reduction in membership, 

arising from the ending of compulsory membership and 

also from redundancy and early retirement programs. In 



many schemes significant surpluses arose, resulting in 

employer contribution holidays and sometimes negligible 

cash flow or even significant negatjve cash flow. The 

funding state and cash flow position of pension schemes 

thus became heterogeneous. The introduction of the 

Financial services Act and the formation of the 

Investment Managers Regulatory Organisation led to 

rules requiring investment managers to understand the 

objectives of their clients - Pension Fund Trustees. 
While some Trustees continued to give objectives such 

as 'obtain the best return without taking undue risk', 

others realised that some illustration or 

quantification of what constituted 'undue risk' in the 

light of their scheme's liabilities was required. 

As the majority of pension schemes were in surplus and 

UK equities continued to outperform other asset 

categories, it was not surprising that most managed 
funds - pooled units for use by many different pension 
funds - became much more equity orientated. The equity 

content rose from 62% at the end of 1981 to 83% at the 

end of 1990 according to the Combined Actuarial 

Performance Service Survey covering 1,495 UK Pension 

Funds amounting to E127bn. A large number of medium 

sized pension funds, too large to be insured but not 
sufficiently large to invest directly, use pooled 

vehicles. Actuaries valuing a pension fund which was 

not in significant surplus or which had negative cash 

flow had to consider the suitability of the assets, by 

nature and term, to meet the liabilities. 



Thus arose from trustees, investment managers of 

directly invested funds and from pension valuation 

actuaries a requirement for an asset liability model to 

test the suitability of various asset structures to a 

scheme specific liability and to quantify the likely 

deviations of key ratios. Sponsoring employers and 

trustees of medium sized funds were not prepared to pay 

the very large fees necessary to conduct a rigorous 

asset liability modelling exercise such as those 

developed by statistically expert actuaries who submit 

papers to AFIR or in the UK to FIMAG (The Financial 

Management Group). 

The model described in this paper was thus developed, 

originally in Ireland, to meet the need for a simple 

and cost effective model, which would take account of 

the expected liability position of the scheme after a 

relakively short period of time and compare this to 

alternative asset strategies. Because of the high 

degree of uncertainty of demographic movements in 

schemes arising from. withdrawals and new entrants, the 

forecast period was restricted to six years or two 

triennial valuation periods. The history of total 

returns achieved from asset categories was restricted 

to twenty years measured on a 30 June to 30 June basis. 

Only 1,000 simulation runs are conducted to quantify 

the probable outcome of a low risk, medium risk and 

high risk asset strategy. Parameters are inserted to 

constrain the extremes which the optimiser might 

otherwise select and the results are presented to 

clients as an illustration of the relative outcomes of 

alternative strategies rather than the optimum strategy 

which can be adopted. 



In 1990 the National Association of Pension Funds 

issued the report of its committee of enquiry into 

investment performance measurement which included the 

recommendation that 'the Trustees of a pension fund 

have a responsibility to "know their own Scheme" and to 

consider if it has any special characteristics which 

require it to be invested to a degree differently from 
the generality of pension fundsf. The Committee also 

recommended that 'Trustees should set unambiguous 

performance benchmarks and avoid the casual use of 
inconsistent objectives'. 

Unfortunately the European Court of Justice in May 1990 

delivered a judgement in the 'Barber-GRE' case which 

cast severe doubt on the degree of retrospection of the 
requirement for unisex pension provision, so that many 

Trustees had great uncertainty about the precise nature 
of their liabilities. This has led to less use of 

asset liability modelling than otherwise might have 
been the case. Nevertheless the Greenwich Associates 

Survey of 1991 covering 278 of the largest UK pension 

funds over E50m showed that the use of consultants in 
the asset allocation process had risen sharply from 20% 

of all funds to 27%. 

The use of our model has principally been to educate 

trustees to the range of possible outcomes likely to 
arise from different asset allocation. strategies and 

for the trustees to set the investment manager a long 

term objective from which his attempts to add value 

will be measured. The results have not been used for a 
permanent passive asset allocation (with periodic 



rebalancing) as this would be to place too great a 

reliance on the assumptions made - both in estimating 
the future liabilities and in the range of asset return 

variations. 

The Elements of an Asset Liability Model 

The main elements of an asset liability model are: 

An optimisation .technique to generate benchmark 

portfolios; 

Projection of the assets; 

Projection of the liabilities; 

Projected actuarial valuations. 

Given the increasing exposure of schemes' assets to 

international equities, it is possible that at some 

future date it would be appropriate to split the 

overseas equities sector into major geographical areas. 

The optimiser should also ensure that the practical 

constraints of the particular fund are satisfied, e.g. 

a maximum holding in property, a minimum holding in UK 

gilts for matching pensions in payment, etc. 

Clearly it would not be practical to use the total 

range of portfolios generated by the optimiser - three 
portfolios are generated known as Low, Medium and High 

Risk. 



The main reasons for having an asset liability model 

can be summarised: 

Each scheme has its own particular liability 

structure; 

Investment strategy should take account of this 

liability structure ; 

Risk can be defined as "the probability of 

achieving a certain objective"; 

Trustees should know the risks inherent in 

investment strategy. 

not 

any 

Benefits to the Trustees and Sponsoring Bnployer 

The Trustees and the Sponsoring Employer are the main 

end-users of asset liability modelling, and will only 

accept this service if it provides added value to the 

advice already provided by their pension consultants. 

The following are potential benefits: 

It provides the security of knowing the risks 

involved in a particular investment strategy; 

It concentrates the mind; 

It provides a benchmark/yardstick by which to 

measure investment performance; 



- It develops a better feel for the scheme's 

requirements; 

- The model can give a scientific measure of the - 
trade-offs involved in trying to minimise actual 

costs and minimise cost fluctuations for certain 

investment strategies, and can be linked with the 

Company's business plans. 

The investment strategy adopted will probably result 

from a consensus decision between these two parties, 

but ultimately it is the trustees' decision. 

Optimisation of asset mix 

Essentially one is seeking the 'efficient frontier' of 

portfolios that maximises 'return' subject to 

minimising 'risk'. Mathematical optimisation involves 

selecting a mix of assets on the basis of three 

variables - the rate of each asset class, the measure 
of risk (usually taken as volatility) and the 

interdependence across asset classes (cross 

correlation). These three factors are optimised 

simultaneously. 

The essential principle is that by diversifying into 

investments with different characteristics, the mean 

return of the portfolio can be increased with a less 

than proportionate increase in risk. Quadratic 

programming packages are available that will generate 

these efficient portfolios. 



I RETURN 

6 s s s e t  c lasses  are required i n  :he opt ir~iser ,  i . e .  

UK Equities UK Index-Linked 
U K  Eonds Overseas Equities 
UK Proper:y UK Cash 

Six asset classes are required in the optimiser, viz: 

UK/Irish Equities 

UK/Irish Bonds 

UK/Irish Property 

UK Index-Linked 

Overseas Equities 

UK/Irish Cash 

Asset and Liability Projections 

Assume the asset mix then has a normal distribution 

with real return mean ERR and standard deviation SV. 

1,000 simulated returns are then generated by mapping 

N(0,l) random variables onto N(ERR, SV) random 

variables. 

This is repeated six times so that we have six years of 

simulated returns. 



Then, for example 

where r(1,j) is the jth simulated return for year i 
A(0) = asset value at start 
C(j) = new money in year j 
A(i,j) = jth simulated value of assets at end 

of year i 

Each set of 1,000 A( i, j s is then sorted in ascending 

order, and confidence intervals can then be obtained 

e. g. the lower 25% con£ idence interval for A( i, j ) is 

the 250th sorted simulated observation. 

Asset values can be generated as: 

Market Values; 

Smoothed Market Values; or 

Discounted Cash Flow method. 

Liabilities are projected forward using the actuarial 

valuation assumptions and estimated inflows/outflows. 

The model projects: 

Discontinuance Position; 

Past Service Funding Level; 

Contribution Rates. 



The principal input details required are listed in 

Appendix A and a specimen output is shown in Appendix 
B. The methodology is simple to use and to explain, 

and although the possible elaborations of more complex 

methods are not available, it is thought that it 

provides a worthwhile tool for medium to smaller funds. 



Appendix A 

Input Data 

Optimiser Constraints 

1. Matching constraint (minimum holding of gilts & 

cash 1 

2. Overseas & property holding maximum 

Proportions in each asset class (if these are to 

override those chosen by optimiser): 

UK/Irish Equities 

UK/Irish Bonds 

UK/Irish Property 

UK Index-Linked 

Overseas Equities 

UK/Irish Cash 

Asset Assumptions 

Dividend Growth UK/Irish Equities 

Dividend Growth Overseas Equities 

Current Dividend Yield - UK/Irish Equities 
Current Dividend Yield Overseas Equities 

Coupon - UK/Irish Bonds 
Current Gross Redemption Yield - UK/Irish Bonds 
Term to Redemption - UK/Irish Bonds 
Current Deferred Annuity Yield 



Fund factors 

A(0) 

AMF( 0) 

PL(0,a) 

FL(0,a) 

L(0,p) 
PSR(0) 

Sal 

Dif f 

CPI 

Cont Rate 

Dec Factor 

DL(O,a) 

DL(O,P) 

Infl(p) 

k 

C(0) 
a(Ret) 

Ret (1, ..., 6) 

Sal (1,...,6) 

Market Value of fund 

Amortisation factor 

Past Service Liability - Actives 
Future Service Liability - Actives 
Pensioners' Liability 

Pensioners' Salary Roll 

Salary Increase minus CPI 

Interest Rate minus Salary Increase 

Inflation 

Contribution rate 

Mortality Factor Actives p.a (Optional) 

Discontinuance Liability Actives 

Discontinuance Liability Pensioners 

Pension Increases 

Weighted Past service - Actives Only 
Contribution at Valuation Date 

Annuity Factor at Normal Retirement 

Date 

Weighted Future service - Actives only 
Annuity factors for Pensioners, years 0 

to 6 

Actuarial value of Liability at time of 

retirement of Actives who retire at end 

of years 1 to 6 

Salaries at time of retirement of 

Actives who retire at end of years 1 to 

6 

Expected commutation Lump sums at time 

of retirement of Actives who retire at 

end of years 1 to 6 



Probability 

-ve 1% 
-ve 5% 
-ve 10% 
-ve 25% 
Expected 

Probability 

-ve 1% 
-ve 5% 
-ve 10% 
-ve 25% 
Expected 
+ve 25% 
+ve 10% 
+ve 5% 
+ve 1% 

Appendix B 

Output for Specimen Hiqh Risk Portfolio: 6 year period 

DISCONTINUANCE PROBABILITIES 

Unadjusted Adjusted 
Ratio Ratio 

FUNDING PROBABILITIES 

........ Values of Assets... ..... 
Market DCF Smoothed Liabilities 

..Ratios Assets/Liabilities.. 
Market DCF Smoothed 



CONTRIBUTION RATES PROBABILITIES 

Probability 

-ve 1% 
-ve 5% 
-ve 10% 
-ve 25% 
Expected 
+ve 25% 
+ve 10% 
+ve 5% 
+ve 1 % 

......... Values of Assets.. ...... 
Market DCF Smoothed 

Total 
Liabilities 

20701.04 
20701.04 
20701.04 
20701.04 
2O7Ol.04 
20701.04 
20701.04 
20701.04 
20701.04 

..... Contribution Rates ...... 
Market DCF Smoothed 


