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Summary
This paper starts from the cashflow model of a General Insurance Company as set out in
“Assessing the Solvency and Financial Strength of a General Insurance Company” by Daykin
et al. (1987)
The authors use the model office proposed in this paper, together with an asset model, to
consider the effects on a General Insurance company of investing in a variety of portfolios
consisting of cash, fixed interest securities and equities.
As a result of correlations between the returns on the various asset classes and the inflation
linked liabilities it is possible to ascertain those portfolios which, for a given expected value
of remaining assets after a given time period, minimise the expected variability in this
expected value.
Although the practical example given in this paper is a simple one, the authors believe that
the application of such techniques provides management with an important analytical tool
which could be used to investigate the likely effects on solvency of many different
investment strategies.
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Résumé
Une Approche Stochastique à la Répartition des Actifs dans une
Compagnie d’Assurance IARD
Cet article part du modèle de “cash-flow” d’une compagnie d’assurance toute branche,
exposé dans “Evaluation de solvabilité et de force financière d’une compagnie d’assurance
toute branche” de Daykin et al. (1987)
Les auteurs utilisent le bureau modèle proposé dans cet article, ainsi qu’un modèle des actifs,
pour étudier les effets sur une compagnie d’assurance toute branche du placement dans divers
portefeuilles consistant de cash, valeurs à intérêt fixe et actions ordinaires.
A la suite des corrélations entre les rendements des différentes classes d’actifs et les
engagements indexés à l’inflation, il est possible d’établir les portefeuilles qui, pour une
valeur attendue donnée d’actifs restants après une période de temps donnée, minimisent la
variabilité attendue dans cette valeur attendue.
Bien que l’exemple pratique donné dans cet article soit simple, les auteurs pensent que
l’application de telles techniques offre aux gestionnaires un outil analytique important qui
pourra être utilisé pour étudier les effets probables sur la solvabilité de nombreuses stratégies
d’investissement différentes.
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1.0 Introduction
1.1 This paper has its beginnings in a paper entitled "Assessing
the Solvencyand FinancialStrengthof a General Insurance
Company"by Daykin et al. (1987). We refer to this paper as
SFGIC.
1.2

One of the authors of this paper was a co-authorof SFGIC.
The other author has used asset and liabilitymodelling
techniquesin order to provide practicaladvice on the asset
allocationdecisionto the trusteesand sponsorsof UK
pensionfunds.

1.3

We believe that many General Insurancecompaniesare
followingan investmentpolicy which does not realise the
full potentialof the assets held by the companybecause:i)

Their investmentsare chosen with little regard to the
nature of their liabilities,which are to a large
extent (especiallyin the case of long tailed
business)linked to inflation.

ii)

To the extent that claim reservesare matchedby fixed
interestassets and cash, leavingfree reservesto be
matched by equities,there is scope for a more
efficientinvestmentstrategy.

1.4

We believe that part of the reason for this is that in the
past very little guidancehas been availableas to how one
might go about devisinga medium to long term investment
policy. In this paper we put forward some ideas as to how
to design just such a strategicasset allocationpolicy.

1.5

In section 2 we providea simple illustrationof the point
outlinedin 1.3 (ii).
In section 3 we providebrief details of the model office we
have used. Further detailsare given in Appendix 1. For a
fuller explanationthe reader is referredto SFGIC.
In section4 we outline the investmentmodel which we have
used. Furtherdetails are given in Appendix2.
In section 5 we considerthe problem of asset allocation
from a theoreticalpoint. In section 6 we providea
practicalexample of the techniques.
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Section 7 considershow one would develop the ideas
containedin the previoustwo sectionsin order to provide
practicalsolutionsto some of the problemswhich might be
encounteredin practice. The limitationsof any such method
are also considered.

2.0

Part of the problem

2.1

In 1.3 (ii) we inferredthat for a General Insurancecompany
to restrictits holding of equitiesto the level of its free
reservescould be inefficient. A simple examplemay help to
demonstratethe problem (this example is based on one given
in a paper by P R Lockyer (1989).

2.2

Suppose that we have a liabilityof £110 to meet in one
year's time. Supposefurther that we can purchasea one
year zero coupon bond with a redemptionyield of 10%.
If we have currentassets of only £100 then we can invest
them all in the bond and ensure that we can meet the
requiredpayment in one year's time.
Supposenow that we have assets of £100 and that we are also
permittedto invest in equities. The expectedtotal return
(dividendincome combinedwith capitalgrowth) on equities
for the coming year is 15%; however returnsof +25% and +5%
are also possible.
The conventionalapproachmight be to invest £100 in the
bond and £1 in the equity, considerthough an investmentof
£22 in equitiesand £79 in the bond. As the table below
shows, in both cases we still have sufficientassets to meet
our liabilityat the end of the year.

Amount in gilts
Amount in equities
Return on equities
+25%
+15%
+5%

£100.00
£1.00

£79.00
£22.00

Proceeds at the end of
the year
£111.25
£111.15
£111.05

£114.40
£112.20
£110.00

If we fear that the worst we can expect is a return on
equitiesof -10% over the year then we can still invest
£5.50 in equitiesand the remaining£95.50 in the bond. If
our fears are realisedthen at the end of the year we can
still meet our liability:(£95.50x 1.1) + (£5.50x 0.9) = £110.00
2.3

Investingonly the free reservesin an asset class which we
expect to providea higher return implicitlyassumes that
the investorbelievesthis asset could be valuelessat the
time the liabilityis to be met.

3.0

The model office

3.1

The equationbelow providesa brief outlineof the main
featuresof the model office as set out in SFGIC. Further
details of the parameterswe have used are given in Appendix
1. For furtherdetails of the model we refer readers to the
originalpaper.

3.2

The model is based on a considerationof the cashflowsin
successiveyears.
In simple terms the SFGIC model defines for the development
year from time t to time t+1:
Fund (t+1) - Fund (t) increasedby asset growth +
Net cash inflow (t)
Where: Net cash inflow (t) = Net premium income (t)
- Claims paid (t)
+ Investmentincome (t)
- Taxes and dividendspaid (t)
+ Half a year's intereston the
excess of premium income over
claims paid (t)
In this paper we assume that the office is closed to new
businessat time zero.
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4.0

The choice of an asset model

4.1

The investmentand inflationmodel used in SFGIC is one
proposedby Wilkie.

4.2

Wilkie's investmentmodel as used in SFGIC is based on an
analysisof annual statisticsover the period 1919-1982.
The derived model is a cascademodel: first the inflation
series is derived,the results of this are then used to
generateseries for the yield on 2.5% Consols,the dividend
yield on shares togetherwith an index of the level of share
dividends.

4.3

For the purposesof our own researchwe have substituted
Wilkie'smodel with our own investmentmodel. Our own model
is again a cascademodel, but with quarterlysteps. The
parameterswere determinedfrom an analysisof quarterly
returns from 1963-1986. Furtherdetailsare given in
Appendix 2.

4.4

Our model containsseries for the followingvariables:a)
b)
c)
d)
e)
f)

Economicgrowth
Retail price inflation
Cash
Dividendgrowth
Equity yields
UK Governmentfixed interestsecurities

In the interestsof simplicitythis paper considersonly
those asset classeswhich were consideredin SFGIC (ie cash,
gilts and equities). An extensionto includeasset classes
such as index-linkedGovernmentsecuritiesand overseas
securitieswould not affect the principlesinvolved.
4.5

In order to use the resultsof any analysisin an
intelligentand criticalmanner it is vital that the user is
aware of the strengthsand weaknessesof a particularmodel.
The parameterschosen for a particularasset model will
depend on the purposesfor which the model is being used.
The parametersof our own model are chosen to provide
reasonableestimatesof the variabilitiesof, and the
correlationsbetween,the various asset classesover a 5-15
year time horizon. We believe that such a time horizon is
appropriatein settingstrategicasset allocationpolicy.
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4.6

We would encourageany users of the techniquesset out in
this paper to investigate the effects on the conclusions
drawn of altering the chosen parameters. These comments
apply not only to the asset model but to other featuresof
the model such as the claim run offs, reservingbasis and
variabilityof claim amounts.

5.0

The applicationof the model office to the problemof asset
allocation

5.1

The simulationscarried out for the purposesof SFGIC
assumed (for the purposesof the standardbasis) that
initiallytechnicalprovisionswere coveredby a 50% holding
in cash and a 50% holding in gilts, the asset margin
comprisinga 100% holding in equities. After each year of
the projectionassets were bought or sold as necessaryin
proportionto the existingholdings.

5.2

The startingpoint for our own work is to considerthe
effect of holding a portfolioof 100% in each of the three
asset classes. 5,000 simulationsof the model are carried
out with these fixed asset portfoliosand the market values
of the total assets held at the end of each year tabulated.
The graph in Appendix 3 gives an indicationof the spread of
the remainingassets after 12 years.

5.3

As one would expect,a 100% holding in equitiesproducesa
wide range of returnswhereas a 100% holding in cash
producesa much lower spread of returnsalthoughwith a
lower mean market value of the assets after any given time
period.

5.4

If we focus our attentionon the resultsafter 12 years;
there will be a non-zerocorrelationbetween the market
values after 12 years for holdingsin each asset class.
This arises both from the fact that for examplea high
return on equitiesis likely to be linked to a high return
on gilts over a 12 year time period and also from the fact
that a high return on equitiesover such a time period is
more likely to be linked to a period of high inflation
leading to larger claim settlementsbeing made.

5.5

As a result of these non-zerocorrelationsit is possibleto
use quadraticprogrammingto answer questionssuch as the
following.
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For a given expectedreturn on a
portfoliocomprisingα1 in equities,α2 in
gilts and α 3 in cash which portfoliohas
the lowest variance?
5.6

Mathematicallythis is equivalentto solvingthe following
problem:Minimise

Subject to

and

α1 > 0

for i = 1...3

`5.7 The set of all such portfoliosforms what is known as an
efficientfrontier. Given a fixed mean return (whichmust
of course lie between the mean returns on the lowest and
highest returning asset classes) the portfolio represented
by a point on the efficientfrontieris the one with the
lowest standarddeviation.
5.8

Clearlythe above analysiscan be extendedto incorporateas
many asset classesas required. There are many books which
address this subject. For furtherdetailswe refer the
reader, initially, to PortfolioSelection:Efficient
Diversification
of Investmentsby H M Markowitz(1959). The
use of similartechniquesfor assessingoptimalproduct
mixes for General Insurancecompanieswas consideredby
Biger and Kahane (1977).
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6.0

A practicalexample

6.1

In order to help the reader to understandthe processes
involvedwe considerthe results of one run of 5,000
simulationsas describedabove.
Consideringthe positionafter 12 years we have:InvestmentMean
Values
Cash
Equities
Gilts

Standard CorrelationCoefficients
Deviation Cash Equities Gilts

20.9
40.9
23.4

7.56 1.000
19.99 -.03
10.17 -.07

1.000
.53

1.000

Using the model set out in section5.6, the followingpoints
lie on the efficientfrontier:Cash
α1

Equities
α2

Gilts
α3

St Dev

96.7%
60.7%
57.1%
53.6%
39.5%
24.4%
9.4%
4.4%

12.0%
28.7%
45.4%
60.5%
75.6%
90.6%
95.6%

3.3%
27.2%
14.1%
1.1%
-

7.3
6.3
7.8
9.9
12.4
15.2
18.1
19.1

Mean Value
k
21
24
27
30
33
36
39
40
6.2

A graph of the efficientfrontieris includedin Appendix4
togetherwith a brief commentary. From the above we can
make the followingobservations. Any portfoliorepresented
by a point lying on the lower sectionof the efficient
frontiergraph can be replacedby one representinga point
on the upper sectionhaving the same standarddeviationbut
a higher expectedfinal asset value. For example insteadof
a portfoliocomposedas follows:Point

Cash

A

96.7%

Equities Gilts
-

Mean

St Dev

21

7.3

26

7.2

3.3%

One could hold the followingportfolio:B

58.3%

23.2%
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18.5%

This has a slightly lower standard deviation together with a
higher expected final asset value. The two points, A and B,
are indicated on the efficient frontier graph in Appendix 4.
6.3

It is important also to consider the shorter term
implications of a chosen strategic investment strategy. A
relatively high level of equity investment may provide
prospects of long term growth but may, in the shorter term,
prejudice solvency. Although we do not do so in this paper,
the next stage in the above analysis would be to consider
the position after 3 or 6 years.

7.0

A more detailed approach

7.1

We appreciate that the solution to the problem outlined in
section 6 is perhaps of limited practical use. An obvious
extension to the above is to effectively carry out a full
valuation of the model office and to prepare profit & loss
accounts and balance sheets at regular intervals. This
allows more complex objectives for strategic asset
allocation to be set. Daykin and Hey (1990) considered such
an extension to FSGIC.

7.2

Clearly the number of asset classes under consideration can
be expanded to give a more realistic approach.

7.3

A more realistic problem might be formulated as follows:"What asset distribution is implied by assuming that we wish
to minimise (at the 10th percentile) the probability of the
solvency margin falling below 40% whilst maximising (at the
75th percentile) the expected solvency margin?"
"How should I modify the answer bearing in mind that I also
need to have regard to the solvency margin in the shorter
term (eg say after 3 years or 6 years and also with
reference to the statutory returns to be produced in one
year's time)?"

7.4

It is to address questions similar to this one, albeit in
the area of pension funds that a model similar to the above
is currently being used to provide practical advice to plan
sponsors. We feel that management within the general
insurance environment could profitably use such models as a
management tool.
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7.5

Having made this comment it is of course clear that the
problem as specified in 7.3 does not have a unique solution.
There are many problems which anyone trying to use such a
model to address this problem needs to consider, for
example:i)

The distributions of the variables will not be normal.
How can one best characterise or approximate them?

ii)

How sensitive are the answers to the many assumptions
which will have been made? (This can of course be
tested using the model itself).

7.6

In using the model it must be appreciated that it is not a
black box. On the contrary it is primarily a management
tool, a relatively straight forward set of mathematical
equations and techniques which encapsulate a reasonable
amount of the information underlying the workings of a
General Insurance company. Before relying on the results a
user should fully understand the model's sensitivities and
assumptions. We would advocate that anyone contemplating
the use of such models develop their own as a first step to
a thorough understanding of the principles.

8.0

Conclusions

8.1

The model office as put forward in SFGIC provides a powerful
tool to assist in the management of a General Insurance
company.

8.2

The model can be used, together with an economic model, as a
tool to make sensible statements about strategic asset
allocation and the associated inherent degree of risk
involved. This is because different asset classes have,
historically, shown long term correlations to a greater or
lessor degree both with inflation and between themselves.
The claim payments are also linked to inflation.

8.3

Risk in this context may not be the same as risk as
currently perceived by the management of General Insurance
companies. It is perhaps only a slight exaggeration to say
that "risk" is currently avoided by investing in assets
which have historically shown short-term price stability.
Our definition of "risk" would take into account the
opportunity cost of investing in, what have, over the longer
term, historically been, poorer performing asset classes.
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8.4

We firmly believe that the emergingcost, stochastic
approachoutlinedabove providesa useful insight into the
workings of a General Insurancecompany. We would welcome
the opportunityto discuss the ideas containedwithin this
paper with those involvedin the managementof General
Insurancefunds.
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Appendix 1

The model office (standard basis)

Assumption

Value used

Net Written Premiums
Proportion of long-tailed business
Past Growth
Future Growth
Mean claim ratio (short-tailed)
Standard deviation of claim ratio
(short-tailed)
Mean claim ratio (long-tailed)
Standard deviation of claim ratio
(long-tailed)
Variability of outgo (a)
Variability of outgo (b)
Initial asset margin

£10m per annum
40% of net written premiums
In line with inflation
In line with inflation
100% of net written premiums
10% of net written premiums
100% of net written premiums
15% of net written premiums
0.15
Initial value: 75
40% of net written premiums
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Appendix 2

The investment model

The long-term assumptions based on price inflation of 6% p.a. and
real growth in GDP of 2.25% p.a. are as follows:-

Actual return/increase
Equities
Fixed interest
Cash

Real return/increase relative
to price inflation

11.6% p.a.
10.0% p.a.
8.7% p.a.

5.3% p.a.
3.8% p.a.
2.5% p.a.

The standard deviations and correlations for the returns used are
as follows:Standard
Deviation
of returns
(%)

1.
2.
3.
4.

Price Inflation
UK Equities
Fixed Interest
Cash

2
18
15
5

Correlation

1

2

3

4

1.0
0
0
.1

1.0
-.3
-.2

1.0
-.4

1.0

The correlation between different asset classes is a measure of
the extent to which the returns on different asset classes are
linked. Positive correlation between two asset classes indicates
that if, for example, a particular asset class produces a return
in excess of its mean value then the other asset class is also
more likely to produce a return in excess of its mean value. A
negative correlation between two asset classes indicates that if a
particular asset class produces a return in excess of its mean
value then the other asset class is more likely to produce a
return below its mean value.
The correlations shown above relate to returns measured over a one
year period. Different correlation coefficients will be obtained
when considering the mean returns over different time periods.
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Appendix 3

5.000 simulations

The graph shows, for each of the three asset classes, the spread
of assets remaining after 12 years. The horizontal line at the
top of each of the three bars represents the 95th percentile. In
other words in 249 simulations out of the 5,000 the value of
assets remaining after 12 years exceeded this level.
The remaining horizontal lines indicate the 75th, 50th (or
median), 25th and 5th percentiles respectively.
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Appendix 4

The efficient frontier

The graph first shows the expected value of the assets remaining
after 12 years, together with the standard deviation from this
mean if the assets were invested solely in each of the three asset
classes. These three points are marked and labelled on the graph.
For each expected value of the remaining assets it is possible to
combine the three asset classes in an optimum manner so as to
produce the lowest standard deviation in the level of remaining
assets. The totality of all such portfolios is known as the
efficient frontier and is represented by the continuous line on
the graph.
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