Alphas, not just Betas, Drive Economic Capital Calculations

Shaun Wang, 2-7-2007

Abstract: Economic capital is an important tool for financial institutions in enterprise risk management. Alpha represents the expected excess profitability for a business segment relative to benchmark fair rate of return. I will show how ERM analysis can help to project alpha values, and how the recognition of alphas can improve the robustness of calculated economic capitals.

1. Introduction

In the investment community, asset allocations are based on betas and alphas. While beta is a widely used measure of the extent of a stock’s price fluctuates in relation to the overall market. Only until recently the investment community has given much consideration to alpha. Here are definitions of Alpha:  
“Alpha is the return achieved over and above the return that results from the correlation between the portfolio and the market (beta). If a portfolio manager can improve alpha by investing in securities that are not correlated with the beta of an existing portfolio, that manager will have created a portable alpha.” (ref: http://www.investopedia.com/terms/p/portablealpha.asp)

The context of this paper is economic capital calculations for insurance liabilities. 

In the context of insurance liabilities, there isn’t an actively traded market from which one can derive a “fair value”. Much of the pricing and reserving valuations are performed by marking to the model, in a given market environment. Market conditions (sentiments) can have a huge impact on the pricing and reserving valuations.
Consider a (liability) risk X and a reference (portfolio) risk Z. 
Here X represents an insurance risk for pricing or reserve valuation; Z represents a reference portfolio (the company risk portfolio, or the industry portfolio) or even a risk factor.
Firstly, with the passing of time, k =0, 1, 2, 3, …, when more information are gathered, we make updated probabilistic estimates for the nominal values of the loss amounts for X and Z: 
(Eq-1)
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For the estimation error terms, we denote
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Secondly, we employ pricing theories to derive fair risk-adjusted prices for X and Z, and then estimate the correlation between them. 
The Basic Setup:
Assume that the prices for X and Z are:
(Eq-2) 
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The quantify, ((k), is the market price of risk and may changes with the market condition. 

The same market price of risk impacts both X and Z simultaneously. There is uncertainty of the market price of risk which is measured in terms of volatility:
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For the sake of simplicity, we assume zero correlation between the estimation error term
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(Eq-3)
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Later on we shall release this constraint in discussing natural catastrophic insurance.
We can now derive the correlations between their risk-adjusted prices:


[image: image12.wmf](

)

.

)

(

1

)

(

)

(

2

2

k

k

k

h

VaR

X

X

l

s

s

+

×

=



[image: image13.wmf](

)

.

)

(

1

)

(

)

(

2

2

k

k

k

h

VaR

Z

Z

l

s

s

+

×

=



[image: image14.wmf](

)

.

)

(

)

(

)

(

)

(

)

(

),

(

2

,

k

k

k

k

k

h

k

h

Cov

Z

X

Z

X

Z

X

l

s

r

s

s

+

×

×

=


Thus we obtain the following correlation between their “prices”:
(Eq-4)
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One can verify that
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. In other words, with the standard-deviation based pricing, uncertainty regarding the market price of risk induces a higher correlation. Also note that 
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 In other words, even though business lines may appear to be uncorrelated statistically in terms of losses, uncertainty in the market price of risk may induce positive correlation in the “risk-adjusted” prices.
2. when 
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. In other words, evidence of statistical hedge (negative correlation) is being discounted under this pricing framework. 
[image: image23.emf]Relationship between Rho and Rho* 
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Remark 1. The risk-adjusted correlation 
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 shall be referred to as the beta of X with respect to Z.  Obviously, the concept of beta is relative, depending upon the selected reference portfolio. 

Remark 2. A risk X is often subject to multiple risk drivers at different levels, we need to use more than one reference risk portfolios {Z1, Z2, Z3}, with respective assigned weights {w1, w2, w3} representing their relative influences. We can define a synthetic beta for risk X as
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I advocate that, in allocating economic capital, we use this risk-adjusted correlation, rather than the statistical correlation.

Fair Price Implied Economic Capital

The economic capital, for taking risk X, should be

(Eq-5) 
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Where 

· TEROE is a target excess rate of return (over the risk free rate). For instance, we may assume that TEROR = 10%.
· (0 is the long-term target average market price of risk. For instance, we may assume that (0 = 0.3.
Underwriting/Pricing/Reserving Cycles 
Historically, fluctuations of market price of risk over time exhibited cyclical behavior, rather than random pattern. We assume a simple cyclical model for the excess profits as 

(Eq-6)
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where “b” is the length of a complete underwriting cycle, and “A” is the Amplitude of the cycle. We can calibrate the parameter “A” so that the underwriting year excess profits exhibit a volatility that matches with the underwriting year loss ratio volatility. In parallel to the Discounted Cash Flow valuation formula, we define “Discounted Excess Profit” at the beginning of time period [k, k+1) as:
(Eq-7)
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where 

· “N” is the maximum number of future years that excess profitability/loss are being considered (for instance “N” can be anywhere between 2 and 5 years).

· ESk;j is the nominal value of projected excess profit amount at the end of future period (j-1, j], with a standing point of projection at the beginning of period  [k, k+1); 
· R(k) is the interest rate for discounting, with a standing point of projection at the beginning of period  [k, k+1); R(k) represents the opportunity cost plus risk factor (risk free interest rate adjusted for the opportunity cost of committing risk capital); 

We define a prospective “alpha” at the beginning of time period [k, k+1) as:

(Eq-8)
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The economic capital, for risk X, when adjusted for “alpha”, should be

(Eq-9)
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Example: Assume that Underwriting Year loss ratio volatility for commercial auto liability is (=6% (with an annualized volatility of 4.2% after adjusting for multi-year developments). We also assume a simple cyclical model for the excess profits as 
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where “b=10 years” is the length of a complete underwriting cycle. We calibrate the parameter “A=0.0855” so that the underwriting year excess profits exhibit a volatility of (=6%. 
We then use a Discounted Cash Flow formula to calculate a cumulative alpha value:
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Assume that (=1, TEROR = 10%, and (0 = 0.3, we get the following:
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Before adjusting for the alpha value, the “Economic Capital Factor” is 0.126 (to be applied to the expected loss portion of the premium). 
After adjusting for alpha, the ‘Economic Capital Factors” would depend on the current phase of the underwriting cycle:
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	time k
	alpha(k)
	EC(k)

	0
	0.029
	0.097

	1
	0.059
	0.067

	2
	0.066
	0.060

	3
	0.048
	0.078

	4
	0.011
	0.115

	5
	(0.029)
	0.155

	6
	(0.059)
	0.185

	7
	(0.066)
	0.192

	8
	(0.048)
	0.174

	9
	(0.011)
	0.137

	10
	0.029
	0.097


[image: image35.emf]-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Alpha

Phase of Cycle


[image: image36.emf]Projected Economic Capital Factors
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Remark: On the one hand, there are clear benefits of making explicit adjustment of alpha, including the potential of dampening the cycle. On the other hand, by making explicit adjustment for alpha, we also introduce an additional source of risk of mis-estimation of alpha. Making explicit adjustment for “alpha” is a double-edged sword, and depends on how accurately and how timely we can estimate “alpha”.
In real life, the movement of the market price of risk does not completely follow a random generator, but rather like a slow motion display of the cycle swings. This characteristic makes it very feasible to estimate “alpha” in a timely manner. This highlights the importance of explicitly incorporating “alpha” in the economic capital calculations.
The Case of Natural Catastrophe Insurance
Natural catastrophe losses, by definition, are low frequency and high severity events. 

A large loss in the year 2005 can simultaneous impact the following quantities for the year 2006 and forward:
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Given the resent loss history, the updated estimates for both the mean and volatility of losses would tend to over state the true values for the underlying distribution. 
Given the resent loss history, the market price of risk should increase.

This double whammy will driver up the prices dramatically.
This is exactly the time that there is significantly positive “alpha” in the going prices, which should warrant a reduction in the economic capital for insurers providing the catastrophic insurance coverage.
Donald Mango: A concrete example of model change contagion: RMS version 6.0 release this year. Ripple effects of the increased PMLs went from rating agency stress  tests to reinsurer capacity constraints to cedents looking to buy more limit to prices going up. A discontinuous market shock that has had detrimental effects across the board.

Part 3.

Company-Specific Adjustments for Pricing and Reserving Risks

By reviewing market conditions and industry trends we can identify industry alpha and beta by lines of business and market segment. This should be used as the backdrop for evaluating company-specific beta and alpha for pricing and reserving risks.

In determining company-specific beta and alpha, we should review company-specific underwriting/pricing/reserving practices. It shall require an analysis of company’s past years’ reserve adequacy and loss ratios.
Other discussions:

It is observed that the property-casualty industry exhibited the following behaviors:
1. There are correlations between Reserve Adjustments and Changes in the Market Price of Risk

2. There are correlations between Shock Catastrophic losses and the Market Price of Risk

3. There are correlations between Level of Capacity and the Market price of Risk.

These relationships call for extensions of the framework to dynamic models. This is a subject for future research.
relationship between 

1. The realized ((k-1) for reserve risk and ((k) for pricing risk.

2. The change in capital in period (k-1, k), and ((k) for pricing risk.
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Appendix: Discounted Cash Flow Model
Recall that risky assets can be valued according to the Discounted Cash Flow equation:
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where 

•
FVk;j is the nominal value of cash flow amount at the end of future period (j-1, j], with a standing point of projection at the beginning of period  [k, k+1); 

•
R(k) is the interest rate for discounting, with a standing point of projection at the beginning of period  [k, k+1); R(k) represents the opportunity cost plus risk factor (risk free interest rate adjusted for the opportunity cost of committing risk capital); 
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