Abstract

This short article provides a simple procedure for an applied determination of the optimal capital structure and the cost of capital that explicitly incorporates financial distress costs. By supplying a novel solution to the complex financial decision-making involved that is theoretically based and has been empirically verified, the paper provides an excellent framework for applying important financial concepts, as is illustrated in the paper.
A Simple Method for Determining the Optimal Capital Structure and Measuring the Cost of Capital


This paper is designed to facilitate application of the modern theory of optimal capital structure and computing the cost of capital in an applied fashion. Existing textbooks, such as by Ross, Westerfeld, Jaffe, and Jordan (2016), indicate that the a firm's capital structure is optimally selected to minimize the overall cost of capital that is a function of the tax benefits associated with the tax-deductibility of debt interest payments and the costs of financial distress that are incurred with more financial leverage. In the process of maximizing the value to the owners within this context, methods for measuring financial distress costs are left unspecified, thus creating a need for concrete procedures to enable more informed decisions with regard to optimizing the portion of assets financed by debt.


This paper resolves that problem by supplying a simple instructive means of exacting determination of both the optimal type of funding and computing the cost of capital in the real world in which debt financing has both income tax benefits and financial distress costs. This method utilizes the recent research by Murphy (2018), who based the procedure on existing theory and empirical evidence as well as verified its consistency with the capital structures selected by S&P 500 companies.1 In particular, those costs can be measured by multiplying the probability of bankruptcy at any level of financial leverage by the sum of 5% of the firm's assets and the difference between a company's stock market capitalization and its equity book value.2 The probability of bankruptcy itself is estimated from historical data on credit ratings and Times Interest Earned (TIE) ratios that are provided in Table 1.3

The portion of a firm's financing provided by equity should optimally be set at the point where the marginal cost of increased debt funding related to financial distress equals the tax savings derived from replacing equity financing with funding the firm's assets through the issuance of bonds and loans which incur interest expenses that are tax deductible. The procedure is summarized conceptually in Table 2, along with a means of measuring the cost of capital at the existing capital structure. 


An illustration of this analysis is provided Table 3 for Walmart (ticker symbol WMT) on November 19, 2018. This table indicates that Walmart should issue $29.537 billion in additional debt to buy back stock up. Doing so would lower its credit rating and raise its financial distress costs, but the marginal benefit of having more payments to providers of its capital be tax deductible more than offsets those costs.4 The actual financial leverage might be changed to the optimal targeted level only moderately over time to reduce the large expenses that might be incurred to float so much debt at once, It is well known that companies tend to deviate from their optimal capital structure for some periods of time to avoid the flotation costs of new security issues, generally by financing as much as possible internally through retained earnings to increase equity funding while increasing dividend payouts and stock repurchases to raise financial leverage (Ross, Westerfeld, Jaffe, and Jordan, 2016).5

The weighted average cost of capital (WACC) should be computed using the existing average cost of debt that is net of tax benefits but inclusive of average financial distress costs per dollar of existing debt. As indicated in Table 3, this total net cost for Walmart is 3.32%, which is similar to the actual payout to the firm's creditors, as the total financial distress costs effectively offset the tax benefits in this case. Using the relative percent of capital supplied by debt and equity in Walmart's current financing structure is 6.32%.6 That 6.32% is optimally utilized as the discount rate to compute the net present value (NPV) of any investment (such as needed to add another store) or operating policy (such as to enhance the firm's marketing and design of its online sales) which Walmart evaluates while employing the same funding weights as exist in the firm's existing capital structure.7

As indicated in corporate financial textbooks, because equity represents a call option on the value of a firm's assets with a strike price equal to the principal value of the company's debt, firms operating for their owners have an incentive to  increase the risk of the firm in order to maximize the value of that call (Ross, Westerfeld, Jaffe, and Jordan, 2016).8 However, the value created by increasing volatility tends to be very low for in-the-money options, and the incentive to take risks may only be material for firms with assets and operations whose total market value is close to or less than the principal value of the firm's liabilities. Except in the case of firms whose equity call is out of the money, the option value created for the shareholders strictly via the impact of more volatile investments and operations might typically be much smaller than the effect on that stock value resulting from the increased financial distress costs which reduce the value of the company's assets.9 As a result, the procedures for determining the optimal capital structure shown in this paper might be generally applicable for all solvent companies.10
Table 1

Credit Rating Characteristics*

   (1)

(2)                 (3)
        (4)       (5)

Credit
        Default
      Default 
Rating
Probability
Losses.
TIE
Beta

Aaa
    
0.10%

 0.04%

16.1
0.03

Aa


0.15%

 0.07%

11.1
0.09

A


0.23%

 0.13%

6.3
0.18

Baa

0.50%

 0.33%

4.1
0.27

Ba

         1.95%

 1.29%

2.3
0.36

B


2.83%

 1.87%

1.2
0.45

Caa

3.96%

 2.61%

0.5
0.54

Ca

         10.00%
 6.60%

<0
0.57

C


>20.00%
 >13.2%
<0
0.60
*Source: Murphy (2000). Only the information in Columns 1, 2, and 4 are necessary for the analysis of a firm's capital structure and cost of capital, but the other columns are provided for perspective on the credit spreads that are required at each rating. Note that any firm that is losing money would not benefit from increasing its debt (as there is no tax benefit associated with interest expenses if a firm is losing money), and it is therefore assumed that a firm rated Caa or lower should not increase its financial leverage (although the free credit that exists on any liabilities that bear no interest should of course always be accepted).

Table 2

Procedures for Determining the Optimal Capital Structure and the Cost of Capital at the Existing Capital Structure

A. Computing the Tax Benefit of Adding More Debt
1. Add your firm's 5-year credit default swap market rate-- one bps or basis point is 0.01%) to the 5-year Treasury bond yield to compute the long-term interest rate required on your firm's debt.

2. Multiply the rate in #1 by the tax rate (of 21% currently).

B. Computing the Financial Distress Cost of Adding More Debt
1. Add 5% of your firm's assets to the difference between your firm's equity market capitalization and the book value of stockholders' equity to compute your firm's bankruptcy costs.

2. Find the Table Default Probability for your firm's credit rating using Table 1 and subtract this from the Default Probability at the next lower credit rating to compute the increased chance of bankruptcy arising from increasing financial leverage.

3. Find the Table 1 TIE for your firm's credit rating, subtract out the TIE for the next lower credit rating, and divide by your existing TIE to compute the leverage multiplier

4. Multiply the amount of your firm's interest expense by the multiplier in #3 of this Section B to compute the new interest expense.

5. Divide the new interest expense in #4 by your firm's interest rate in A.1 to compute the amount of new debt that can be issued at the lower credit rating.

6. To compute the marginal financial distress costs incurred each year at the lower credit rating per dollar of debt, divide the amount of new debt in #5 into the product of #1 and #2 (as the latter product computes the costs of bankruptcy times the marginal probability of bankruptcy and thus represents the expected value of the reduction in the cash flows to shareholders resulting from the higher risk of financial failure). 

C. Determining the Optimal Capital Structure
Compare the marginal cost of financial distress per dollar of new debt (i.e., the value in B.6) with the marginal tax benefit (i.e., the value in A.2) from that debt. If the B.6 value is lower, no increase in financial leverage is optimal. If the value in A.2 is larger, existing shareholder wealth can be increased by reducing the amount of debt financing employed (as can be computed using the same processes used in A and B but in the reverse direction). The optimal capital structure exists where there is no net benefit from increasing or reducing financial leverage.

If a change from an existing capital structure is implied from the foregoing, the net benefit from a change can be implemented immediately by issuing debt to finance the repurchase of stock to increase financial leverage, or by selling new equity shares to finance paying off existing debt.  The net increase in shareholder value caused by the net benefit of the replacement financing (computed as the difference between A.2 and B.6 times the size of the replaced financing computed in B.5) must exceed the flotation costs of the changed financing. Otherwise, changes in capital structure are optimally made over time by adjusting dividend policies to retain more or less earnings and thereby avoid the issuance or floatation costs of raising external capital.

D. Computing the Net Cost of Debt
Multiply the net cost of debt at the optimal capital structure determined in C by multiplying the firm’s interest rate computed in #1 by one minus the tax rate (and then adding in the product of Table 1 probability of default for the rating at the existing capital structure times the bankruptcy costs computed in B.1.
E. Final Computation for the Cost of Capital:
Multiply the net Cost of Debt in D by the amount of total debt and #10 times the market capitalization. Then divide this figure by the total capital (which is the sum of the total debt and market value of equity).
Table 3

Evaluating the Capital Structure and Cost of Capital at Walmart (WMT) for 11/19/18

Step
Compute
Description/Explanation
A.1
0.35%

Annual cost of insurance on WMT debt (credit default swap or CDS)


+2.89%

Default-free Treasury yield (5-year corresponding to CDS price)


3.24%

Interest rate to be paid on new debt of WMT
A.2
x 0.21

Tax Rate (corporate)


0.68%

Benefit per dollar of new debt from tax deductibility of interest expense
B. 1
$204,522 
Assets of WMT in millions


X 0.05

Typical bankruptcy costs as % of Assets


$10,226
Legal costs of bankruptcy for WMT


+$286,108
Market capitalization (Present value of all WMT stock) in millions


-$80,822
Book Value of WMT stock (Capital investment by shareholders) in millions


$215,512 million
Cost of bankruptcy for WMT (including loss of NPV projects)
B.2
x{0.0023-0.0015}   
Change in probability of bankruptcy from increasing financial leverage


$172.4
million

Marginal financial distress cost of increasing debt (incl. For lost NPV)

B.3
(11.1-6.3)/11.1
Change in TIE with more leverage at lower rating of A (from AA)

B.4
x$2215 million
Interest expense for Walmart currently


$957 million

Additional interest expense with more leverage at lower rating

B.5
/.0324


Interest rate on WMT debt (from step A.1)


$29,537

Additional Debt at lower rating

B.6
172.4/29.537=.0058
B.2/B.5 (marginal financial distress costs per $ of new debt per year)

C
0.0068>0.0058 
so do increase debt (because the marginal financial distress costs are more





than offset by the marginal tax benefit from taking on more debt)
D
3.24%x(1-.21) = 2.56% 

after-tax cost of debt before financial distress costs


+(215,512x.0015)/42,446=0.76%  
Financial distress costs at Existing Capital Structure


3.32% 




after-tax cost of debt after financial distress costs

The company might consider paying off some of existing debt given cost of debt exceeds interest cost
E
1/15.33=6.52%
earnings yield on stock market


-1.26%

TIPs real yield long-term (30 years of default-free return plus inflation))


5.25%

Market risk premium (often called equity premium)


x.64

WMT stock beta


3.36%

Premium return required on WMT stock


+3.34%
Default-free Treasury Yield long-term (30 years)

 6.70%

Expected return required by investors on WMT stock

$42,446+$286,108=$328,554 
million total WMT capital

$42,446/$328,554=12.9% 

financed by debt currently 


$286,108/$328,554=87.1% 

financed by equity currently

Cost of Capital = (.129x3.32%) + (.879x6.70%) = 6.32% 

(to be used to discount capital budgeting cash flows) at the Existing Capital Structure (without the increase in financial leverage that would reduce the cost). If the firm changed its capital structure by replacing $29.537 billion in equity with $29.537 billion in additional debt, it would reduce the cost of capital by only ($29.537/$328.554)x(.0068-.0058) =0.01% to 3.31%.
Footnotes

1. The methodology is based on incorporating financial distress costs into the theory derived by Modigliani and Miller (1963), widely referred to as MM, who showed that debt is always cheaper in a world with business income taxation but no other market frictions. Unlike most empirical examinations of firms' capital structure that fail to incorporate the full costs of financial distress into their analysis and therefore conclude companies generally use less debt financing than optimal (Elkamhi, Ericsson, and Parsons, 2012), this modification of the MM theory was originally shown to explain the financing choices of the S&P 500 companies fairly well for 2016. A further examination, which computed the cost of debt before taxes and financial distress costs by adding spreads from credit default swap data (obtained from Bloomberg Professional Service) to Treasury yields, indicated (not shown) that about half the firms in that index would have benefited from use of more debt capital in 2017 (while the other half might have optimally targeted less financial leverage), as is consistent with firms deviating temporarily from their optimal capital structure in order to minimize flotation costs. Murphy's (2018) finding of some modeling error related to firms' liquidity (measured by cash/assets and hypothesized to exist because liquid assets reduce financial distress costs) has been empirically verified for a longer interval 2003-2017 and is being investigated further along with a significantly positive relationship discovered between the net benefits of increasing financial leverage and firms' liability/assets ratios over that longer time period.

2. This computation utilizes the Almeida and Philippon (2011) theory that financial distress costs can be calculated as the annual probability of bankruptcy times the losses incurred by financial failure, as a company incurs the expected value of those costs each year in the form of lost investment and operating opportunities due to an inability to obtain financing, forced sales of assets at distressed prices to obtain cash needed to make payments on debts, and reduced revenues from loss of reputational reliability among customers as well as increased expenses that arise from an increased chance of failure. Prior empirical findings indicate that bankruptcy results in explicit costs averaging 5% of assets (Warner, 1977). In addition, because bankruptcy arises from an inability of a firm to meet its obligations to make payments on its liabilities, creditors have the legal right to suspend all risky investments that provide a net present value to stockholders in order to enable maximizing the payoff on the firm's debts, thereby eliminating the amount by which the market value of the stock exceeds its book value. This method of estimating financial distress costs based on averages and security market information might be improved in many cases, such as with closely-held businesses which may have access to resources from personal assets or connections to people, businesses, or governments with wealth upon which they can draw when there are needs for cash (thus resulting in those firms optimally borrowing as much as they can in order to maximize their interest deductions without suffering the full consequences associated with financial distress).

3. The Table 1 data on past default rates and TIEs by credit rating are taken from Murphy (2000), who explained that deviations between individual firm TIEs and the table TIEs tend to arise from differences in the volatility of operating earnings as measured by earnings before interest and taxes (EBIT). Assuming that impact of operating volatility on the probability of default would be proportional at each credit rating, it is possible to employ only the Table TIE data to interpolate how much additional interest expenses can be generated at any credit rating. This method of estimating the probability of bankruptcy that is consistent with the empirical findings on credit spreads (Callaghan and Murphy, 1999) might be improved through the use of a structural model of the firm such as the one created by Merton (1974) that treats the firm's debts as a long investment in the value of the firm with a short call with an exercise price equal to the principal value of the debt.

4. The same analysis could be conducted with respect to reducing financial leverage that would create a benefit by decreasing financial distress costs but also lowering the tax benefit to the firm. In particular, at a higher AAA rating, Walmart would reduce its interest expense by [(16.1-11.1)/11.1]x$2215=$997 million, which indicates $997/.0324=$30,794 million in less debt. That reduction in debt reduces marginal distress costs by (0.0015-0.0010)x$215,512=$107.8 million, which would represent a marginal decrease in financial distress costs per dollar of the $30,794 reduced debt of $107.8/$30,794=0.34%. Because this reduction in financial distress costs is less than the 0.68% lost tax benefit, Walmart should not decrease its financial leverage.

5. As indicated in financial textbooks (Ross, Westerfeld, Jaffe, and Jordan, 2016), any flotation costs are optimally added to the initial investment cash outflow associated with any capital budgeting project or corporate investment. That additional cash outflow might optimally incorporate the lesser of the flotation costs of obtaining external financing or the incremental costs of capital caused by the use of internally generated funds that lead to temporary deviations from the target capital structure with the lowest cost of capital. Dividend policy is generally established to minimize such costs by firms having a low (high) target payout ratio if they forecast large (small) needs for internally generated funding in the future.

6. The cost of equity utilized here in measuring the overall weighted-average cost of capital is computed using the Capital Asset Pricing Model (CAPM) developed by Sharpe (1964) and shown to be consistent with empirical risk-return tradeoffs on bonds (Fu, Murphy, and Benzschawel, 2015), as well as in the stock market when Bayesian beta estimates are employed, as shown by (Jostova and Philipov, 2005). The excess return on the market portfolio above risk-free rates is estimated by subtracting the real return promised on long-term Treasury Inflation-Protected Securities (TIPS) from one over the Price/earnings ratio of the S&P 500 that Fu, Murphy, and Benzschawel (2014) have found to have strong predictive power empirically. That estimate of the equity premium is based on the fact that shareholders' claim on the current cash flow of those 500 large blue-chip companies equals the existing earnings, which represents the internal cash flow yield for new investors in the stock at the current market price, and any inflationary growth that would occur without additional investments with abnormal returns. Since the latter growth can be estimated as the market forecast of the future inflation rate, which itself may be computed as the difference between the yield on Treasury bonds and the real yield on TIPS that pay interest equal to future inflation rates, the fixed-rate T-bond yield cancels out when computing the premium return above that rate. While this method of estimating the required yield on a firm's equity can also be applied for operations in foreign countries by simply using the government bond yields existing in those nations, alternative procedures that are theoretically sound and consistent with the empirical evidence could of course be developed without changing the basic framework of measuring the cost of capital,

7. As indicated in Table 3, the cost of capital would be reduced by 1 basis point (0.01%) by financing more with debt. This computation merely multiplies the percent of capital financed by debt by the marginal benefit of that debt net of the marginal financial distress costs. As proven by Modigliani and Miller (1958) in a market without any taxes or other frictions like financial distress costs, the form of financing doesn't matter, as funding more with debt, which costs less than equity because it is less risky, is exactly offset by the greater cost of both debt and equity at higher levels of leverage. 

8. This concept originally developed by Black and Scholes (1973) was later generalized by Geske (1977) for firms which have debts with multiple maturities that thereby result in the equity call to actually being a compound option. In particular, the rights to pay off the principal on the debts with the closer maturities represent options to buy calls on the firm's assets with expiration dates at the maturity dates of the debts farther in the future. It is generally optimal for firms to exercise their calls on debts maturing near terms, so that the expiration date of the equity call can typically be considered to effectively equal that of the debt with the longest maturity, except in the case of companies that have large amounts of short-term debts whose principal is large relative to the liquid assets and net operating cash flows of the company.

9. Note that investors in the securities of a company would still evaluate the option value of the company's stock and other securities and thereby determine the relative market prices of those different claims on the firm's assets. For instance, the momentum effect indicates that stocks which have fallen over the prior year tend to earn abnormally low rates of return relative to other equities tend to be equities of firms with lower credit ratings that imply a higher probability of failure to pay off their debts near term (Avramov, Chordia, Jostova, and Philipov, 2013). The momentum phenomena may therefore reflect the fact that the equity calls of those more financially distressed companies are nearer to the money and thus have a higher time decay in their values. Portfolios shorting those stocks have relatively high mean returns but large negative skewness and high kurtosis (Barroso and Santa-Clara, 2015) that results in those positions not contributing to a higher geometric mean or compounded return over time (Chabi-Yo, Ruenzi and Weigert, 2018). Within the context of efficient markets (Fama, 1970) reflecting option model values (Black and Scholes, 1973), financially distressed stocks would thus tend to perform proportionally better in bull markets and lose relatively less when prices are declining, although they would tend to underperform in more stable times due to the larger impact of the decay in their time value because their call on the firms' assets is less far into the money.

10. The model could be made more exact by computing the benefit arising from the tax-deductibility of debt by multiplying the product of the interest expense and the business tax rate by one minus the firm's probability of bankruptcy. However, this adjustment is immaterial for most companies because their typically low likelihood of failure has a negligible impact. 
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