Introduction to Portfolio Management of Default Risk 

Corporate liabilities have default risk. There is always a chance that a corporate borrower will not meet its obligations to pay principal and interest. For the typical high-grade borrower, this risk is small, perhaps 1/10 of 1% per year. For the typical bank borrower this risk is about 1/2 of 1%. 

Although these risks do not seem large, they are in fact highly significant. First, they can increase quickly and with little warning. Second, the margins in corporate lending are very tight, and even small miscalculations of default risks can undermine the profitability of lending. But most importantly, many lenders are themselves borrowers, with high levels of leverage. Unexpected realizations of default risk have destabilized, de-capitalized and destroyed lenders. Banks, finance companies, insurers, investment banks, lessors: none have escaped unscathed. Default risk cannot be hedged away, or "structured" away. The government cannot insure it away. It is a reflection of the substantial risk in companies' futures. Various schemes exist, and more are coming, which can shift risk, but in the end, someone must bear this risk. It does not "net out" in the aggregate. 

Default risk can be reduced and managed through diversification. Default risk, and the rewards for bearing it, will ultimately be owned by those who can diversify it best. Every lender knows of the benefits of diversification. Every lender works to achieve these benefits. However, there has been no method for actually measuring the amount of diversification in a debt portfolio. 

Portfolios have "concentrations"; ex post we see them. Ex ante, no method has existed which could quantify concentrations. Thus it should not come as a surprise that there have been many unexpected default events in lenders' portfolios in the last five years. Quantitative methods for portfolio analysis have developed since Markowitz's pioneering work in 1950. These methods have been applied successfully in a variety of areas of finance, notably to equity portfolios. These methods show the amount of risk reduction achievable through diversification. They measure the amount of risk contributed by an asset, or group of assets, to a portfolio. By extension, they also show the amount of diversification provided by a single asset or group of assets. The aim of these methods is to maximize the return to a portfolio while keeping the risk within acceptable bounds. This maximization requires a balancing of return to risk within the portfolio, asset by asset, group of assets by group of assets. 

This logic can be illustrated by imagining that it was not the case. If a low return to risk asset is swapped for a high return to risk asset, then the portfolio's return can be improved with no addition to risk. The process is equilibrated by changes in risk. As an asset is swapped out of the portfolio, it changes from being a source of concentration to being a source of diversification, i.e., its risk contribution falls. The reverse applies as an asset is swapped into the portfolio. Thus the return to risk increases for the low return asset and decreases for the high return asset, until their return to risk ratios are equal. At that point, no further swap can raise return without also raising risk. This then characterizes the optimal portfolio or, equivalently, the optimal set of holdings.

This conceptual model applies to the default risk of debt as surely as it applies to equities.

Equity practitioners however have used the last twenty-five years to develop techniques for measuring the asset attributes that are necessary for an actual portfolio management tool.

The same development has not occurred for debt portfolios because of the greater difficulties, analytic and empirical. In particular, it is necessary to quantify the level of default risk in a single asset, and to quantify the relationship between the default risks of each pair of assets in the portfolio.

Due to a variety of technical developments in finance, it has become both possible and feasible to make these measurements. KMV has pioneered the development of these methods for the last five years in its practice with commercial banks. The result is that practical and conceptually sound methods exist for measuring actual diversification, and for determining portfolio holdings to minimize concentrations and maximize return in debt portfolios.

The remainder of this paper provides an introduction to the methods and approaches of quantitative debt portfolio management, and its implications for bank management.

The Model of Default Risk

A corporation has fixed obligations. These may be no more than its trade obligations, although they could just as well include bank loans and public debt. At one time, there was no legal means to escape the fulfillment of such obligations; a defaulter fled or was jailed. Modern treatment allows the defaulter to escape the obligation but only by relinquishing the corporation's assets to the obligee. In other words, a firm owing a single creditor $75 million fulfills the obligation by either paying the $75 million or by transferring the corporation's assets to the lender.

Which action the borrower will take is an economic decision.

And the economic answer is straightforward: if the corporate assets are worth more than $75 million, the borrower will meet the obligation; if they are worth less, the borrower will default.

The critical point is that the action depends on the market value of assets; book or accounting value will not suffice.

Note that the "option to default" is valuable. Without it, the corporation could be forced to raise additional capital with the benefit accruing not to its owners but instead to its prior lender.

A lender purchasing a corporation's note can be thought of as engaging in two transactions. In the first it is purchasing an "inescapable" debt obligation, i.e. one which cannot be defaulted on.

In the second, it is selling a "put" option to the borrower that states that the lender will buy the corporation's assets note at the option of the borrower. In the event the assets turn out to be worth less than the amount of the note, the borrower "puts" the assets to the lender and uses the proceeds to pay the note. 

The lender owns a risk-free note and is "short" the default option. The probability of default is the same as the probability of the option being exercised. If the probability of default goes up, the value of the option goes up, and the value of the lender's position (because it is "short" the option) goes down. 

The probability of exercising the default option can be determined by application of option valuation methods. Assume for a moment that the market value of the corporation's assets is known, as well as the volatility of that value. The volatility measures the propensity of the asset value to change within a given time period. This information determines the probability of default, given the corporation's obligations. For instance, if the current asset market value is $150 million and the corporation's debt is $75 million and is due in one year, then default will occur if the asset value turns out to be less than $75 million in one year. 

If the firm's asset volatility is 17% per year, then a fall in value from $150 million to $75 million is a three standard deviation event with a probability of 0.3%. Thus the firm has a default probability of 0.3%. [17% of 150 is 25. This is the amount of a one standard deviation move. The probability calculation assumes that the assets have a lognormal distribution.] 
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The market value of the firm's assets in one year is unknown. Based on firm characteristics including past performance, the expected asset value is determined to be $150 million, with a standard deviation of $25 million. This information makes it possible to represent the range of possible asset values and their frequencies in the diagram above.

The firm has obligations due in one year of $75 million. If the market asset value turns out to be less than $75 million, then the owners of the firm will prefer to default. If the asset value is greater than $75 million, then the owners will prefer to pay the debt, since they will retain the residual value.

The shaded area thus represents the probability of default. It represents the frequency of outcomes where the asset value is less than $75 million.

The shape of the frequency distribution is often simply assumed, given the expected value and standard deviation. For many purposes this is satisfactory but practical experience with default rates shows that this shape must be measured, rather than assumed, to obtain sufficiently precise estimated default rates.
Asset Market Value and Volatility

Just as the firm's default risk can be derived from the behavior of the firm's asset value and the level of its obligations, the firm's equity behavior can be similarly derived. The shareholders of the firm can be viewed as having a call option on the firm's asset value, where the exercise price is equal to the firm's obligations. If the market asset value exceeds the obligation amount at the maturity date, then the shareholders will exercise their option by paying off the obligation amount. If the asset value is less, they will prefer to default on the obligation and relinquish the remaining asset value to the lenders.

Using this framework, the equity value and volatility can be determined from the asset value, asset volatility, and the amount and maturity of obligations. What is actually more important is that the converse is also true: the asset value and volatility can be inferred from the equity value, equity volatility, and the amount and maturity of obligations. This process enables us to determine the market characteristics of a firm's assets from directly observable equity characteristics.

Knowing the market value and volatility of the borrower's assets is critical, as we have seen, to the determination of the probability of default. With it we can also determine the correlation of two firms' asset values. These correlations play an important role in the measurement of portfolio diversification.

The market value of assets changes unpredictably through time. The volatility in the historical time series is measured by the asset standard deviation, which was used in the previous box to describe the range of possible future asset values

The liabilities of the firm including equity represent a complete set of claims on all the cashflows produced by the assets. Thus the market value of the assets exactly equals the market value of the liabilities including equity

As the market value of assets changes, the market value of liabilities changes, but the changes are not evenly apportioned across the liabilities due to differences in seniority

The equity value changes close to dollar-for-dollar with the asset value. The vertical distance between the asset and equity values in Figure 2 is the market value of obligations senior to the equity ("debt"). The difference, i.e. the debt value, is shown below the axis. If the asset value falls enough, the probability of default on the debt increases and the market value of the debt also falls. A $1 fall in the asset value leads to perhaps a $0.10 fall in the debt value and a $0.90 fall in the equity value

In percentage terms, the changes in the equity value are always larger than the changes in the asset value, because the equity value is a fraction of the total asset value. As the asset value, and thus equity value, falls, the equity volatility increases dramatically. The relationship between the asset and equity value is described by option theory. This theory makes it possible to infer the asset value and volatility by knowing the level of fixed obligations and the equity value and volatility
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