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1. Introduction

Insurance istransfer of risk from the customer to the company. The premiumispad in
advance and claims covered later. Reserving is essentid in insurance, and receives the
primary atention of the actuary. Actuaries use atisticad mode s to ca culate expected loss
for agiven portfolio. These funds are invested, and this creates financial risk in addition to
theinsurancerisk. Thisarticle will address whether the actuary should include financid risk
into the calculation of the total reserves. The exerciseis not difficult today with modern
powerful computers. The two risk processes are modelled separately, and their combined
effect evauated through Monte Carlo smulations, as for example in Daykin, Pentikainen and
Pesonen.

This paper will demonstrate one method, and describe what effect financid risk has on the
totdl reserve. We will describe the effect of different investment Strategies on the totd
security of the company. All calculations are based on redl data.

2. Method

2.1. Lossreserves

In this example we look at the persona damage dement of amotor portfolio. Total payments
for thislong-tailed portfolio will run over gpproximately 15 years. A factor andysis mode

for minimum loss reserves congtructed by The Banking, Insurance and Securities Commission
of Norway estimates the total reserves for the portfolio at 31.12.1999 to NOK 462 mill.""
Future payments pr. year asin figure 1.
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2.2. Financial M oddls

Bondsyideld afixed interest rate pr. year, and the contracts run over an agreed period of time.
We have not developed a mode for the bond prices and we will in the reserve modd below

use afixed interest rate of 5% pr. annum.

Moddling stock pricesis more difficult. Stock prices fluctuate with time, and over along
period the value is expected to increase. In thismodd we see stock prices as arandom walk
process. The monthly change in stock value is described by historic values for the particular
stock price. Stock prices are dependent on inflation, and hence future price changes will be
larger than past changes. In order to use historic data we must log-transform the historic
vaues, and treat the changes asfactors. In this example we look at historic vaues from the
New Y ork Stock Exchange Composite index. Figure 2 describes the redl index changes, and
figure 3 describes the log-transformed index changes.

Figure 2: Figure 3:
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The log-transformed resduds in figure 3 are evenly spread out over the whole period, and we
use these data for smulation. The model describing NY SE composite index for stock price

S, a month k:

InNS=1InS _,+ e, ,k=1to360
S,=50

where e, =Inm, - Inm,_, describes the log-transformed value of monthly stock price change
n at timek. The changein stock priceis described by

S =S e



We draw vaues at random from historic stock price changes and repest this process for 10000
iterations. From the 10000 possible stock price devel opments we sort the outcomes and find
the vaue for the lower 99% confidence interva. The smulated NY SE composite index as
describesin figure 4:
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The model overestimates the expected NY SE index. The expected vadue is 950, while the
observed index was 650 pr 31.12.1999.

Thismode can be gpplied to asingle stock, or anindex. In later examples we will use

regional data from Morgan Stanley Capital Index.

2.3. Total reserve

In the reserve model we do not take investment in red estate and cash holdings into account.
We amplify by only investing the reserve in stocks or bonds.
We expect the monthly return on bonds:
r,=exp(log(1+r,)/12) — 1.
where r, isthe annud interest rete.
Modd:

Bond rate: r

Higtoric index vaue: m

Stock development:  §

Bond development: B,

Clamspayments X,

Resarve development: R

The reserves will develop over timet:



B =(1+r)B,

log§ =log S, +e,
e =Inm-Inm,
R :Bt+st' Xt

and run for 168 months. We cd culate 10000 possible reserve outcomes, sort the outcomes
and create confidence intervals.

Figure 5:

Simulated reserve — 14 years
Great Britain - 5% inerest rate, 3,5% inflation — 10000 iterations
35% stocks — 65% bonds
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Development for a portfolio invested in Great Britain has an expected return of NOK 140
mill. Lower 99% confidence interva is NOK —132 mill. Thisis not an acceptable investment
Strategy for the company.

2.4. Optimum criteria

In thismodel we use vaue at risk as an optimum criteria. The company and regulators
require a minimum probability of ruin. The reserve mode describe the 99% confidence
interva which gpplieswdll to vaue at risk. Vaue a risk is defined:

P(DS <VaR) =a



where DS isthe change in the portfolio value, VaR isthelosslimit and a the percentile. The

company must optimise its reserve devel opment with the restraint of 99% confidence interva
greater than O at the end of the investment period.

We smulate the reserve development for each scenario, and measure the value at risk at the
end of the investment period. If the 99% confidence interval is lower than O at the end of the
investment period, we have to increase the share invested in bonds. We repest this process 8-
15 timestto find the optimd share invested in each financia object.

3. Results

3.1. Development of thereserves

Runoff portfolio: In this scenario we invest the reserve in 4 different markets. We have
amplified the optimization problem by investing q%o of the reserve in stocks, and thereby
investing g/4% in eech market. By investing the portfolio in Greet Britain, United States,
Norway and France we get the following result:

Figure 6:

Simulated reserve — 14 years
Great Britain, United States, Norway and France
5% inerest rate, 3,5% inflation — 10000 iterations
30% stocks — 70% bonds

Reserve
& S KESMAX - KIGSHIN - KOMAR - KGEMIN = GUSNITT
=00
40] -
m -
=0
m -
o
- m T T T T
1 5 51 Fi=] (K] 126 131 176
MOMTH

The expected return on the portfolio is NOK 120 mill. and it is optimal to invest 30% of the
reservein socks. Theremaining 70% isinvested in bonds and return 5% pr annum.

Running portfolio: In this scenario the company receives ayearly premium from its
customers and pay clamsfor present and al past accident years. The modd is amilar to the



runoff portfolio, but we have to estimate premium income and estimate clams payments for
future development years.

Totd resarve will developovertime R =R +B, +S - X, - Y,

P isegtimated premium income, and Y, is estimated claims paid in the present devel opment
year. Smulating a portfolio investment with 35% in stock and 65% in bonds for 120000
iterations give the following result:

Figure 7:

Simulated reserve — 3 years
Great Britain - 5% inerest rate, 3,5% inflation — 10000 iterations
35% stocks — 65% bonds
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We have found the lower 99% confidence interval for this portfolio. The optimization
problem for the portfolio is now more complex because we do not know the minimum
required lossreserve in 3 years. The lower bound for the vaue at risk will be the estimated

minimum reserve calculated by the appointed actuary and the investment strategy must be
selected from the expected minimum reserve required.

3.2. Sensitivity

Interest rate and inflation: In the previous examplesthe interest rate is set to 5%, and
yearly inflation is set to 3,5%. These levels have been chosen as expected values, but aswe
know the rates change over time. We have invested NOK 462 mill. in 4 markets and
optimized the amount invested in stock for different combinations of interest rate and

inflation. Table 1 below describes share invested in stock and expected return on the portfolio

invested over 15 years.



Table1:

Interest Share Share Expected
Inflation rate invested in invested in return
p.a. p.a. stock bond mill. NOK 95% ClI 99% CI
o § 2,0% 25% 20,6 % 79,4 % 64 18 1
f é 35%  40% 126 % 87.4 % 4 13 1
= 5,0% 55% 9,1% 90,9 % 37 11 1
- § 2,0% 35% 423 % 57,7 % 172 43 1
E _;.2_, 3,5% 50 % 30,0 % 70,0 % 128 34 1
5 5,0 % 6,5 % 23,1 % 76,9 % 110 30 <1
_8 20%  45% 53,8 % 462 % 255 58 <1
i’. é 3.5% 6,0 % 411 % 58,9 % 202 50 1
S 5,0 % 7,5 % 329 % 67,8 % 178 46 1
- § 2,0% 55% 60,8 % 39,2 % 318 70 1
i’. é 3.5 % 70 % 489 % 51,1 % 265 63 <1
= 5,0 % 8,5 % 40,5 % 59,4 % 240 59 <1

A high interest rate guaranties a high return on capita invested in bonds. Thiswill give room

for larger invesments in stocks, which are more voldile but give ahigher return. The
inflation affects the future payments, with low inflation leading to rdatively low future

payments.

Markets. We want to describe the risk profile of the different regions. We invest the same
portfolio in one stock and one bond in four different markets and observe the results. Table 2
describes the share invested in stock, bonds and the expected return.

Table 2;

The volatility in the US market is lower than the other 3 and the optimal investment strategy
isto invest 13,8% of the reservesin socks. Thisinvestment Strategy generates the highest

Share Share Expected
invested in invested in return
stock bond mill. NOK 95% ClI 99% ClI
USA 13,8 86,2 74,4 161 1
Norway 7,8 92,2 69,5 147 1
Great Britain 9,7 90,3 734 160 1
France 9,2 90,8 69,5 158 1




expected return after 14 years at NOK 74,4 mill. The Norwegian stock market is more
volatile and the insecurity forces the investor to place alarger share of the reservein bonds.
The optimd drategy isto invest 7,8% of the reserve in socksin order to guaranty a positive
reserve after 15 years. The expected return is NOK 69,5 miill.

Minimum reserve: A different angle to the problem isto model the amount of capita
needed for a particular investment strategy. Figure 8 describes the minimum reserve required
for investments pr. percent invested in socks. We have again invested NOK 462 miill. in
Greet Britain.

Figure 8:
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The convex curve shows that the higher share invested in stocks, the higher the need for
capita. We have shown that by investing the total reserve in bonds we need NOK 440 miill.,
which islessthan the initid reserve. By increasing investmentsin stocks we must incresse
the financid buffer in order to meet the risk from stock investments.

When the investment strategy is sdlected directed on the percentiles far out in itstall the

results tend to become sengitive towards variations in the assumptions and conditions. We see
that effect clearly in table 1 where the expected return change quite alot according to change
in interest rate and inflation. Clearly the increased risk by investing heavily in the stock

market leads to congderably higher requirements on the reserves as shown in figure 8. In

order to achieve ahigh expected return one has to live with higher minimum capital



requirements. Thisisareflection of the fact that one hasto be big in order to be able to
exploit the mogt profitable investment opportunity.

4. Conclusion

Cdculation of tota reserves for an insurance company may include both insurance and
financid risk. This seemsto be standard actuarid work in both the United States and Britain,
while actuaries in Norway have been much more reluctant to integrate financial consderation
into their work. Thismay be dightly surprisng snce financid risk is essentid to the total
result.

A company with alimited capita basswill be unadle to harvest good dividend on its
invesment. If exposed in afaling capita market, it will be forced to liquidate its stock
portfolio a an inopportunetime. A rich company will, on the other hand, be able to keep the
stock and wait for the traditiond lift of the market. This dement is clearly a drive towards

consolidation of the large actors in the financid markets. Bigger is better, and safer!
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