PRELIMINARY DRAFT

Understanding Risk and Return of an Insurance Portfolio

Updated on 2/2/2001

Amitava Dhar

Enron Research
Introduction

Ability to estimate return at portfolio level is important.  It helps us in understanding the overall profitability of the portfolio and in pricing deals at individual level.   Profitability can improve significantly as the portfolio grows, provided that one selects deals carefully to preserve low correlation among the policy claims.  This report describes a simple analytic approach to help understand the risk-return behavior of a well-diversified insurance portfolio.  The results and analysis, however, should be interpreted and understood in the context of assumptions listed and discussed at the end of this report.

Exponential Distribution

Frequently, insurance industry assumes policy claims to be exponentially distributed.  We make the same assumption in our approach.  The probability density function (p.d.f.) of exponential distribution is given by eqn. (1):
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Distribution function is denoted by F(x):
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Expectation E[x] and variance VAR[x] of exponential distribution can be written as follows:
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We usually use 99th percentile of the distribution for pricing individual deals.  99th percentile can be expressed as follows:
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  which leads to
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We will use these expressions in the following analysis of portfolio return.

Premium Calculation and Portfolio Loss

Pricing for an insurance product, for example, the dual trigger product covering outage risk is done by adding an appropriate return on Capital At Risk (CAR) to the expected loss.  CAR is assumed to be (P99 – Premium).   The premium expression thus takes the following form:
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We note that an average ROC across all deals is usually assumed for the calculation of premium at single deal level.

Ideally, premium at portfolio level should cover all portfolio claims and overhead.  We will use this concept to estimate overall portfolio claim.  This will be shown in the next section. 

Return Perspective: Loss Ratio Analysis

In this section, we essentially compute total premium we will receive for the entire portfolio and compare that with the overall claims to develop a return perspective. The premium for a portfolio with n similar deals will be n times premium for individual deals :
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In order to estimate total claim at portfolio level, we make a simplistic assumption that the claims are similar and are independent of each other.  We can then use the Central Limit Theorem to calculate expected loss and P99 at portfolio level.  Total portfolio claim will be normally distributed with following mean and variance:

Using eqn.(3),
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Since total portfolio claim is assumed to be normally distributed, portfolio P99 will be as follows:
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We now need to estimate total portfolio claim and overhead expenses.  We can accomplish this by assuming a portfolio level return on capital needed to just cover the claims made and overhead expenses incurred.  This particular return on capital will depend on the overall portfolio rating achieved in the process of building the portfolio.  We can conservatively assume a rate of return that will correspond to speculative grade.  Alternatively, one can perform detailed portfolio rating exercise to come up with required return on portfolio CAR.  The total portfolio claim can be expressed as follows:
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Where OH stands for estimated overhead expenses as a percent of total portfolio claim.

Since we have the expressions for portfolio premium received and portfolio claim as shown in eqn.(6) and eqn.(9), we can now use these two expressions to understand profitability and return.  One way to look at it is probably by taking the ratio of these two:
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The inverse of this ratio is known as Loss Ratio in insurance industry and is used as one of the measures of profitability.

Breakeven Analysis

We now focus on how we can come up with an estimate of an average ROC to be charged at individual deal level, to breakeven.  As an insurer writes policies, the insurer will expect a return on portfolio level P99 risk capital, on top of associated overhead expenses.  The difference between premium received and claims made at portfolio level should be able to cover the expected return on risk capital as well as the overhead expenses.

We can put this idea in form of equation as follows:
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If we assume that the right hand side of the above equation is K(n, ROCp), then we can write
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Eqn.(11) above provides an estimate of ROC that the insurer will need to charge on an average at single deal level for a well-diversified portfolio, to breakeven.

An Example

Figure 1 shows how portfolio diversification impacts return for three different ROC assumptions.  OH = 20% and ROCp = 10% have been assumed for all cases.  One can observe that the curves fairly saturate beyond twenty deals.
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Figures 1 (a) and (b): Shows Premium/Claim versus number of deals in a portfolio. The figure on left shows 1/Loss Ratio variation for first 20 deals (zoomed).

Figure 2 shows a plot of average breakeven return on capital required to be charged at single deal level versus number of deals in the portfolio.  As one can note, the breakeven rate goes down almost exponentially as the number of deal increases.  I have assumed ROCp = 10% for this illustration.

[image: image23.emf]Portfolio 1/LossRatio vs. Number of Deals

-

0.50

1.00

1.50

2.00

2.50

0 20 40 60 80 100

Number of Deals

Premium/Claim

ROC = 10%

ROC =20%

ROC = 30%


Figure 2 : Shows breakeven required return to be charged at single deal level.

Assumptions and Limitations

We have made a number of assumptions, which should be kept in mind when using this approach. 

(1) We assume that all the deals are same in the portfolio.  In practice, the risk/specifications of the deals may be different.

(2) We have assumed independence of the policy claims within the portfolio.  If the portfolio is not carefully built to reduce correlation and improve diversification, then that can be an issue.

(3) We have assumed exponential distribution of claim.  While this is a standard practice in the insurance industry, event risk is probably not covered.  One can, however, adopt extreme value distribution in place of exponential distribution and take the approach described in this report.  Derivation seems to be simple enough.  However, extreme value distribution has a constant variance and may not be representing true picture at portfolio level in that sense.  Alternatively, one can take a combination distributions, such as an exponential distribution with uniform distribution to model extreme events.

Next Steps

A few important next steps are as follows:

(1) One of the most important next steps will be to investigate the impact of correlation between policy claims within the portfolio.  This will possibly cause fat tail to appear, resulting in additional risk.

(2) Studying the actual P99 in a deal and comparing this with P99 calculated with the assumption of exponential distribution of claim will be useful. 
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