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The objective of this work is to introduce a model which is able to produce an optimal 
capital structure (OCS) for maximizing total firm value. The model is calibrated to 
reflect actual firm characteristics and uses contingent-claim methods to value tax shields 
and costs of financial distress associated with debt financing. It also maintains a long-
run target debt to capital ratio by refinancing maturing debt; this provides a dynamic 
setting for capital structure choice. The model is derived from known financial theories 
and is theoretically consistent with other theories describing capital structure choice. 
 
Several papers have emerged focusing on OCS with a variety of contingent-claim 
models. They all present similar characteristics concerning model calibration and the 
assumption of a tradeoff between tax shields and costs associated with leverage. 
However, the model presented in this in this work differs considerably from previous 
studies. The single most decisive factor is the valuation method of required returns on 
claims issued by a firm. Our model is entirely based on option theory and their pricing. 
The reason is that we are able to simultaneously incorporate several different factors 
which affect firm value within the capital structure choice. Another reason which makes 
option theory appealing is the fact that we are also able to extract market values and 
expected returns from within the model as they continuously alter accordingly to 
changes in leverage. 
 
The model is derived from the earlier works of Black and Scholes (1973), Merton 
(1973) and Vassalou and Xing (2004). These papers as well as an introduction to option 
pricing theory and an over-all presentation of contemporary capital structure theories 
are revisited. We will produce some comparative static results which at first seem 
contradictory to earlier results and stipulations. However, while considering other 
capital structure theories, these findings provide new insight for maximizing firm value 
with optimal leverage. The empirical work focuses on the implications of our model and 
the results derived from Finnish companies during 1994–2003 period. 
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1. Introduction 
 

 

The pursue of optimal capital structure has inspired relentless production of studies and 

new theories which year after year captivate the attention of scholars and capital market 

professionals. Capital structure choice has been declared a much complex problem than 

the optimal dividend policy and much has been left unsaid regardless of the wide variety 

of theories and results where corporate finance policy makers have been able to lean on. 

 

However, empirical methods in corporate finance have lagged behind those in capital 

markets for several reasons. First, models of capital structure decisions are less precise 

than asset pricing models. The major theories focus on the ways that capital structure 

choices are likely to affect firm value. But rather than being formal as a precise 

mathematical formula, like capital asset pricing model or option pricing model, the 

existing theories of capital structure provide at best qualitative or directional 

predictions. They identify major factors like taxes, bankruptcy costs and informational 

incentives associated with leverage and firm value, but they do not actually quantify 

how much the effect is. 

 

Second, most of the competing theories of optimal capital structure are not mutually 

exclusive. Evidence consistent with one theory generally does not allow us to conclude 

that another factor is unimportant. It seems that taxes, agency and information costs as 

well as costs of financial distress all play some role in determining a firm’s optimal 

capital structure. Third, many of the variables that are believed to affect optimal capital 

structure are difficult or impossible to measure. Signaling theory suggests that private 

information about the firm’s future prospects play an important role in their financing 

decisions, but there is no obvious way of identifying and quantifying such information 

asymmetries. 

 

Fourth, different companies face different business environments regarding the 

volatility of revenues in comparison with overall economic situation or maturity of their 

debts. Even companies, which seem similar or are in the same branch of industry, may 

in fact have very differently proportioned fundamental factors, which affect capital 
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structure choice and subsequently firm value. These factors need to be directly observed 

or easily calculated in order to identify how much firm value is affected. For all these 

reasons, it is advocated, that the art of corporate financing policy is less developed than 

asset pricing. It is therefore the focus of this work to bridge the gap between these two 

fields of study and produce a suggestion which combines both capital structure theory 

and asset pricing. We will achieve this by applying a completely new approach of 

option theory application in corporate finance. 

 

We continue on the path started by Brennan and Schwartz (1978), (1984); Leland 

(1994), (1998); Leland and Toft (1996), Fischer et al. (1989) and Bradley et al. (1984). 

They have all presented continuous-time contingent claim models, which study firm 

value and debt policy. The development of our model is based on work by Black and 

Scholes (1973), Merton (1973), and Vassalou and Xing (2004). We adopt an option 

pricing framework which is used to relate the value of a levered firm to the value of an 

unlevered firm, the amount of debt, debt maturity, interest rate level, dividend policy, 

and volatility of cash flows or business risk. 

 

We will introduce a model, which endogenously generates relative market values for 

both equity and debt along with expected returns for both claims. We assume a basic 

tradeoff theory of capital structure, where major forces affecting firms’ optimal 

financing decisions are corporate tax shields and costs of financial distress. Some of the 

results are surprising and give support to firm specific characteristics and various capital 

structure theories which play an important role for maximizing total firm value with 

optimal leverage. Therefore optimal capital structure is not based on industry means. 

This finding is similar to the one reported by MacKay and Phillips (2002).  

 

The remainder of the paper is organized as follows. Section 2 reviews the major capital 

structure theories and their implications. Section 3 describes our optimal capital 

structure model and introduces the methodology how the model is derived from option 

pricing theory. Section 4 presents comparative statics on the model’s predictions of 

unique optimal capital structures. Section 5 reports empirical findings on capital 

structures among Finnish firms, whereas section 6 concludes. 
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2. Capital Structure Theories 
 

 

Capital structure research and the introduction of new theories have been abundant since 

Modigliani and Miller (1958) first published their controversial propositions of capital 

structure irrelevance on corporate value. This caused huge debate on their views and 

they were more or less overwhelmed by criticism led by traditional views of corporate 

borrowing which advocated and rationalized moderate borrowing. However, they also 

produced the so called correction paper (1963), which stated benefits of debt in a form 

of tax shield that increases firm value. 

 

In the special case of corporate debt being permanent and the firm having taxable 

income, the value of the tax shield and increase in firm value is equal to the amount of 

debt multiplied by the corporate tax rate. The firm value can be written as: 

 

CDEV
shields tax of luepresent vaequityofuemarket valfirm levered of ueMarket val

τ⋅+=
+=

 

 

However, corporate debt was also assumed to be risk-free and produce an expected 

return equaling government bonds regardless of the current debt / equity ratio. 

Therefore issuing new debt had no effect on market values of outstanding debt and the 

relative values of debt and equity.1 

 

The general academic view by the mid-1970s, although not a consensus, was that the 

optimal capital structure involves balancing the tax advantages of debt against the 

present value of bankruptcy costs. This is known as the tradeoff theory. However, a 

central issue in corporate finance research has been the question of why, despite the 

potentially large tax advantages enjoyed by debt, firms seemed to have fairly low 

leverage ratios. 

 
 

––––––––––––––––––––– 
1 In the real world, increased leverage causes bond downgrades. This will result in a reduction of market 

values. Subsequently MMI-proposition does not hold. 
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Trading benefits and costs was considered an incomplete description of corporate 

borrowing. This question motivated much of the early research on agency theory and 

information asymmetries, which appeared in the later part of 1970s and during 1980s. 

Large numbers of takeover activities in 1980s have also generated theories combining 

capital structure choices and corporate control considerations. 

 

Currently these different strands of theories can broadly be categorized as: 

 

1. Conflicts of interest between different groups holding claims to the firm’s assets 

(the agency theory) 

2. The conveyance of private information to capital markets or mitigation of adverse 

selection effects (the asymmetric information theory) 

3. Corporate control contests and their outcomes 

4. The tradeoff theory of debt financing, benefits versus costs 

 

There are also other theories concerning capital structure choice, but we will exclude 

them from this paper. Harris and Raviv (1991) survey paper provides more information 

and insight on this matter. 

 

 

2.1 The agency theory 

 

Conflicts of interest between different groups accumulate as agency costs and research 

in this area was first introduced by Jensen and Meckling (1976). They identified two 

types of conflicts, which arise from different portions of gains on corporate 

performance. The first is conflicts between equityholders and management; the second 

is conflicts between equityholders and debtholders. Both are comprised of the same 

basic thought that one party tries to benefit from others by decreasing their wealth. This 

can be done by transferring firm’s resources to their own as perks (“corporate life”) or 

by having an incentive to invest suboptimally in projects that are considered risky 

compared to the firm’s normal line of business (“asset substitution”). 
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2.1.1 Conflicts between equityholders and management 

 

Conflicts between equityholders and firm management arise because managers hold less 

than 100 % of the residual claim. As a result, they do not capture the entire gain from 

good company performance owed to profit enhancement activities, but they do however 

bear the entire cost of these activities. This can lead the managers to invest less of their 

effort to manage the firm’s resources and consequently consume these resources for 

their own gain. Comfy corporate life includes corporate jets, golf tournaments, empire 

building and lavish offices all of which deplete equityholders’ wealth. If managers 

refrain from spending, they bear the entire cost of forfeiting the easy life, but in turn 

they capture only a fraction of the gain. Managers may well become overindulged in 

pursuing corporate life instead of concentrating maximizing firm value and 

equityholders’ wealth. 

 

In order to reduce or eradicate agency costs, the firm should reduce free cash flow 

which enables extravagant spending by managers.2 This can be achieved by increasing 

managers’ fraction of the firm’s equity or their residual claim. If the managers’ absolute 

level of investment in the firm is kept constant, replacing equity with debt also increases 

their fraction of the residual claim. Since debt commitments increase the firm’s 

obligations to pay out cash as coupon payments, it also reduces the amount of free cash 

flow available for managers’ spending. This constitutes the benefits of debt financing 

and the optimal capital structure can be obtained by trading off the agency cost of debt 

against these benefits (Jensen and Meckling 1976). 

 

Harris and Raviv (1990) begin by assuming operating disagreements between managers 

and investors. Managers are assumed to always favor the continuation of the firm’s 

current operations. On the other hand, investors prefer liquidation of the firm. This stark 

contrast between these two parties results in increasing the amount of debt in the firm 

and increasing the likelihood of default. By doing so, debt mitigates the conflict by 

giving investors the option to force liquidation if cash flows are poor and below their 

expectations. 

––––––––––––––––––––– 
2 The theory predicts that mature industries with slow growth prospects should be more levered. Large 

cash inflows without NPV > 0 projects create the opportunity to “empire building”. 
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However, while investors gain control over the firm through bankruptcy, the liquidation 

proceedings entail costs related to information gathering concerning the firm’s 

prospects. In other words, here the optimal capital structure trades off improved 

liquidation decisions against higher information costs. 

 

The model proposed by Harris and Raviv predicts that firms with large amounts of 

tangible assets as well as firms with low information costs should also have higher 

liquidation values. This supports the view, that these firms should also pursue higher 

levels of debt in order for investors to increase the probability of default and subsequent 

liquidation. They also argue that as liquidation value increases, the probability of 

restructuring the firm decreases while the probability is independent of information 

costs. In addition, while assuming a constant-returns-to-scale, they prove that debt level 

relative to expected firm income, default probability, bond yield and the probability of 

restructuring are independent of the firm size. Combing these arguments yield, that 

higher leverage is associated with higher firm value, higher debt level relative to 

expected income and lower probability of restructuring after default. 

 

Stulz (1991) begins with the same assumption as Jensen (1986). Firms receive large, 

positive cash flows and are lacking of good investment projects. Managers are assumed 

to always want to invest all available funds even if investors prefer the firm paying out 

the excess cash as dividends. This spending would lead to an over-investment problem 

with the firm throwing away valuable resources in non-performing or bad investments, 

which are NPV < 0. Therefore the model entails a disagreement over operating 

decisions between managers and investors, like Harris and Raviv (1990) have proposed. 

 

Capital structure is once again determined by trading off benefits and costs of debt. The 

over-investment problem is mitigated by increasing debt because it reduces free cash 

flows, but on the other hand, Stulz argues that debt repayments may more than exhaust 

free cash flow. This might reduce available funds even for profitable investment 

projects and the firm would end up with another problem, namely underinvestment. 
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The conflicts between equityholders and management can be summarized as: 

 
      Table 2.1     Agency theories on manager-investor conflicts              

Model Conflict Benefit of debt Cost of Debt
Jensen & Managerial Increase managerial Asset

Meckling (1976) perquisites ownership substitution

Jensen (1986) Overinvestment Reduce free cash flow Unspecified

Harris & Failure to Allows investors Information costs
Raviv (1990) liquidate option to liquidate

Stultz (1991) Overinvestment Reduce free cash flow Underinvestment  
     Source: Harris & Raviv 1991 

 

2.1.2 Conflicts between equityholders and debtholders 

 

Diamond (1989) has shown that managers have an incentive to pursue relatively safe 

projects out of reputational considerations when using debt financing. Since lenders can 

only observe the firm’s default history, firms can build a reputation for assured 

repayments by first investing in safe projects. However, due to asset substitution, the 

firm could engage in a myopic maximization of equity value and would choose a risky 

NPV < 0 project with equal probabilities of either success (full repayment) or failure 

(default). In other words, managers’ behavior increases equity value while decreasing 

the debt values. This results in agency costs of debt. 

 

Since investors cannot distinguish the firm’s preferences beforehand, the initial lending 

rate reflects their beliefs about the projects chosen by firms on average.3 The firm can 

then try to convince lenders, that it only has a safe project. If successful, the firm would 

therefore enjoy a lower lending rate. However, investors are not easily fooled (most of 

the time). Restrictions such as loan covenants play an important role in these situations. 

The provision of immediate loan repayment is frequently used as a management control 

device. 

––––––––––––––––––––– 
3 The same problem of asymmetric information problems is dealt with in insurance business as contracts 

are priced between different quality level customers. 
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Diamond’s theory implies that older, more established firms find it optimal to choose 

the safe project, since asset substitution could lead to a loss of valuable reputation. 

Younger firms with little reputation may well choose the risky project, since there is 

always the possibility, that the risky project could be successful. After avoiding default, 

they will eventually choose safe projects in the future. Therefore, firms with long, solid 

track records will have lower default rates and as a result, a lower cost of debt.4 

 

Hirschleifer and Thakor (1992) approach the same issue from the managers’ own 

reputational reasons. Here managers maximize the probability of success while 

equityholders prefer higher expected returns. Once again, there are two different 

projects (risky and safe) with two outcomes: success or failure. If the result is a failure, 

the outcome is the same regardless of project risk. From the equityholders’ perspective, 

the risky project is better, because it yields higher expected returns now and higher 

realized returns if successful. However, the risky project also implies a higher 

probability of default and if the project is a failure, managers will suffer due to weaker 

reputation in the labor markets and subsequent career opportunities. Therefore managers 

will choose a safe project; this reduces the agency cost of debt. 

 

 

2.2 The asymmetric information theory 

 

Financial markets are especially characterized by informational differences between 

buyers and sellers. Borrowers typically know their own characteristics, such as their 

collateral and moral integrity, better than lenders who would benefit from knowing the 

true nature of borrowers. The verification of these true characteristics by outsiders may 

be costly or simply impossible. Since information transfer is incomplete, the markets 

may also perform poorly and valuation of projects would merely reflect average project 

quality like Diamond has proposed. If informational asymmetry is substantial, the 

supply of poor projects would be large relative to the supply of good projects.5 

 

––––––––––––––––––––– 
4 Many start-up companies and other young enterprises may be completely unable to receive debt 

financing. Instead, they need equity to finance growth. 
5  Compare to market of used cars referred as “lemons” by Akerlof (1970). 
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Private information and modeling it to financial economics has created another 

perspective on capital structure choice. These theories proclaim that insiders, such as 

management, are assumed to possess superior, private information about the firm’s 

characteristics concerning income stream as well as investment opportunities. One 

approach relies on capital structure choice signaling this information to outside 

investors. Another approach is based on assuming, that capital structure choice is 

designed to mitigate inefficiencies in investment decisions caused by information 

asymmetries between insiders and outsiders. 

 

 

2.2.1 Investment decision and capital structure 

 

Information asymmetry between management and outside investors concerning the 

value of the firm’s assets can lead to mispricing the market value of equity. If the firm is 

required to finance new projects by issuing new equity, this mispricing may in fact lead 

to a situation, where new equityholders would capture more than the NPV of the new 

project. In other words, old equityholders would experience a loss in their share of the 

firm’s future profits. Since management should always maximize the current 

equityholders’ value, even NPV > 0 projects might be rejected and this would result in 

underinvestment problem. 

 

Since all new equity issues are or need to be underpriced, management should pursue to 

issue other securities, which are not so severely undervalued by the market. Normally 

internal funds such as retained earnings and issuance of corporate debt will be preferred 

over a new equity issue. Myers (1984) refers to this as the pecking order theory, which 

states that capital structure choice is influenced by the firm’s desire to finance new 

projects. However, the pecking order does not actually stipulate an optimal capital 

structure. It merely concludes that observable capital structures are simply a by-product 

of earlier investment decisions. 
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The pecking order theory also implies that an announcement of an equity issue would 

lower the market value of the firm’s existing equity.6 However, financing a project with 

retained earnings or by riskless debt would not convey any superior information to 

investors and therefore it would not result in a stock price reaction. 

 

However, Narayanan (1988) states that since project acceptance is associated with 

issuing new debt, debt issues are good news and would therefore lead to an increased 

stock price. Only good firms are assumed to issue debt and the market perceives that the 

new project is in fact NPV > 0. In addition, firms with fairly little tangible assets 

relative to firm value are more subject to information asymmetries and are therefore 

expected to become more levered over time. Instead of Myers and Majluf’s (1984) 

model, which entails informational asymmetry both in the project quality and value of 

assets-in-place, in Narayanan’s model there is asymmetric information only about the 

quality of the new project. 

 

 

2.2.2 Signaling with debt 

 

In contrast to the underinvestment problem, we now consider that investments are fixed 

and capital structure serves as a signaling device of private information to outsiders. The 

original idea of signaling is based on works of Akerlof (1970) and Spence (1973), 

although neither focuses on financial markets. Ross (1977) refined their thoughts into 

the context of financial economics and stated, that higher debt levels indicate better firm 

quality. In his model the firm management knows the actual distribution of firm returns, 

but investors do not. Since managers benefit from higher stock prices through a known 

incentive scheme, such as stock options or cash bonuses, and are penalized if the firm 

goes bankrupt, they are forced to choose a debt level, which maximizes their 

compensation or more precisely, the firm value. 

 

 

 

––––––––––––––––––––– 
6 Korajczyk et al. (1991) argue that underinvestment is not a problem when equity issues are announced 

together with or close to earnings reports. 
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The firm has to establish a signaling equilibrium so, that debt financing conveys the 

insider information to outside investors. High quality firms need to signal their superior 

ability so they issue more debt. Investors will realize this and the stock price rises due to 

private information conveyed to investors.7 Since lower quality firms have higher 

marginal expected probability of bankruptcy for any debt level, managers of low quality 

firms will not imitate higher quality firms by issuing more debt. In other words, firm 

value and profitability is positively related to debt / equity ratio. 

 

Heinkel (1982) has introduced a model, where insiders know both the true value of their 

firm, and the value of any given debt repayment promise made by the firm, while 

outside investors know neither. As a result, insiders can potentially profit by selling 

overpriced securities. A firm which represents itself as being of high value benefits by 

realizing a high price for its shares, on the other hand, it can sell debt only at a low 

price.  Higher quality firms’ return distributions are higher overall, but their debt values 

are lower (bonds trading under par). This causes their equity value to be higher. 

 

This results in a zero-cost separation of firm types as insiders maximize the value of 

their residual claim. The reason is that firms attempt to convince investors that they are 

a different type than they actually are. If successful, they will gain on overvaluation of 

one security but at the same time it will lose from undervaluation of another. Therefore 

high value firms issue more debt. If a low value firm wants to imitate a high value firm, 

it must issue more underpriced debt and reduce the amount of overpriced equity. 

Conversely, to imitate a low value firm, a higher value firm needs to issue less 

overpriced debt and more underpriced equity. Since high quality firms have higher 

value, they issue more debt. 

 

 

 

 

 

 

––––––––––––––––––––– 
7 The financing decision is made at period 0 and the benefits are received at the next period. If the 

managers do not care about future time periods, they will have no incentive to signal correctly. 
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2.2.3 Managerial risk aversion and signaling 

 

Leland and Pyle (1977) present a model, where increases in leverage allow managers to 

retain a larger fraction of the equity; this reduces managerial welfare due to risk 

aversion. However, the decrease is smaller for managers of higher quality projects and 

therefore high quality firms can signal this by having more debt. It can be shown that 

equilibrium ownership increases with firm quality. Increases in owners’ expected return 

results in an increase in management ownership, but increased ownership produces two 

opposing effects on leverage. 

 

As ownership is increased, more funds would need to be required by raising debt. 

However, firm value is larger for higher ownership fraction since equityholders may 

have to pay more for the smaller fraction of the firm. As a result, debt level does not 

have to increase to order to finance the increased ownership fraction. Leland and Pyle 

derive results, that debt increases with ownership fraction and as insiders own more of 

the firm; this signals higher quality of the firm. This willingness to invest their own 

wealth is in fact considered a positive signal by lending markets of the true quality of 

the project, firm and its prospects. The result implies that information transfer through 

signaling possesses a key efficiency property. An interesting conclusion is that projects, 

which are more distinct, or they have higher project specific risk, have lower signaling 

costs in equilibrium. 

 

 

2.3 Corporate control contests 

 

Takeover activities were especially high in the 1980s and financial economics began to 

examine the relationship between corporate acquisitions and capital structure. Basic 

notion is that common stock carries voting rights whereas debt does not. New theories 

developed from waves of corporate acquisitions all focus on how capital structure 

influences and effectively changes outcomes of takeover contests. The role of the 

takeover target’s management and their ownership of the firm play an important part in 

these contests for corporate control. 
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In Harris and Raviv (1988), the managers maximize their expected payoff, which 

consists of the value of their equity stake and the value of other benefits. These benefits 

can be thought of as private control benefits or as the value of cash flows, which they 

can expropriate from the firm if they remain in control.8 The optimal ownership share of 

the management is determined by the incumbent managers who trade off capital gains 

on their stake against a loss of any personal benefits derived from not being in control. 

The rest of the firm is assumed to be owned by passive investors. 

 

When a rival appears, the incumbent managers try to manipulate the method and 

probability of a successful takeover by increasing their fraction of ownership. They can 

increase their equity stake by having the firm repurchase equity from the passive 

investors, financing the buy-backs by issuing debt. Now the maximization of the 

managers’ payoffs is actually accomplished by choosing a debt level that determines the 

optimal fraction. Since control benefits decrease as debt level rises, it is optimal to 

choose the lowest possible level. As managers increase their fraction of ownership, the 

probability of a successful takeover decreases and the incumbent remains in control 

along with possession of private benefits. However, if ownership and leverage is 

increased too much, the value of the firm and the managers’ equity stake are reduced. 

 

Depending on the choices of equity ownership by the incumbent and rival, the takeover 

contest can have three possible outcomes. First, the incumbent’s stake is so small that, 

the rival succeeds in taking over the firm. This is referred as a successful tender offer. 

Second, the incumbent’s stake may be so large, that the takeover will fail. This is 

referred as an unsuccessful tender offer. Third, the incumbent will win if and only if its 

abilities are higher than the rival’s in the perspective of passive investors. This is called 

a proxy fight, where the outcome is determined by passive investors through voting. 

 

It follows from the above arguments that in the case of a successful tender offer being 

optimal, the firm will have no debt. It is also shown that generally proxy fights require 

some debt, and guaranteeing that the tender offer is unsuccessful requires even more 

debt. 
 

––––––––––––––––––––– 
8 Corporate life and personal perquisites. 
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Thus, takeover targets will increase their debt levels on average and targets of 

unsuccessful tender offers will issue more debt on average than targets of successful 

tender offers or proxy fights. Also, firms that increase leverage tend to have either 

unsuccessful tender offers or proxy fights. 

 

As rivals bid for shares held by passive investors, the firm value increases. Thus, on 

average, debt issues are accompanied by stock price increases. However, if the 

incumbent is perceived to possess higher ability than the rival, less debt is required to 

affect a proxy fight. Since winning a proxy fight is positively related to the probability 

of being more able, the likelihood of the incumbent winning is also associated with less 

debt. Therefore, in a sample of firms experiencing proxy fights, one would expect to 

observe less leverage among firms in which the incumbent remains in control. 

 

Stulz (1988) has derived a model, which similarly focuses on the management’s 

manipulation of ownership as it tries to remain in control and consume private benefits. 

In order for the rival to acquire control in the firm (more than 50 % of the shares), it has 

to purchase shares from passive investors. This reflects the assumption that passive 

investors vote for the incumbent in any takeover contest. In addition, they have 

heterogeneous reservation prices for selling their shares. Intuitively, the larger the 

incumbent’s stake in the firm, the larger the fraction of the passive investors’ shares that 

must be acquired by the rival, hence the more it must pay. The rival will bid a premium 

if and only if its expected benefit exceeds it. 

 

Again, increasing the firm’s leverage can increase management’s ownership fraction. 

As a result, takeover targets have an optimal debt level, which maximizes the value of 

outside investors’ shares. Targets of hostile takeovers will have more debt than firms 

that are not targets. Since becoming a takeover target is good news, one would expect 

share buy-backs (debt for equity switch) that accompany such an event to be associated 

with stock price increases as the rival purchases remaining shares. Accordingly, the 

probability of a takeover is negatively related to the target’s debt / equity ratio, and the 

takeover premium is positively related to this ratio. 
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A similar approach has been taken by Israel (1991). Here too increases in debt levels 

increase the gain to target shareholders if takeover occurs. However, the mechanism is 

different from Stulz. The reason is that debt commands a fixed share of any gains from 

a takeover whereas the target shareholders along with acquirer shareholders bargain 

only over the portion, which is not already committed to debtholders. The more debt the 

target has, the less cash flow is left for the target and the acquirer. In addition, target 

shareholders can capture the gains accruing to the debtholders when the debt is issued, 

at the same time they capture all of the gain not going to the acquirer. As debt levels are 

increased, the expected payoffs to target shareholders increase if the takeover occurs. 

 

The optimal debt level is determined by trading off the increased gain in payoffs against 

the reduced probability of takeover as debt levels increase. Israel reports three different 

comparative statics results. First, an increase in the costs of a takeover contest results in 

a decrease in leverage but an increase in the appreciation of target equity if a takeover 

occurs. Second, if the distribution of potential takeover gains shifts to the right 

(incumbent’s ability decreases), debt level increases. Third, the optimal debt level 

increases, and the probability of takeover and the gain to target equity in a takeover 

decrease, the better the rival’s bargaining power. 

 

Although capital structure theories derived from corporate control contests are widely 

studied, these theories focus only on short-term changes in capital structure taken in 

response to imminent takeover threats. As a result, these theories have nothing to say 

about the long run capital structure of firms. On a general level, takeover targets will on 

average increase their debt levels and this will be accompanied by a positive stock price 

reaction.9 

 

 

 

 

 

 

––––––––––––––––––––– 
9 Acquirers always have to pay a premium, especially when the target is publicly owned. 
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2.4 The tradeoff theory 

 

 

A typical firm’s optimal debt ratio can be viewed as a tradeoff between costs and 

benefits of debt financing, while holding the firm’s investment decisions and assets 

constant. This balancing is portrayed as substituting debt for equity or equity for debt. 

In other words, firms are thought to have a target debt to assets ratios, which they try to 

pursue through gradual movements. This is very similar to dividend policies, which 

follow a target path. As a result, management is bargaining between interest tax shields 

and accumulating costs of financial distress. The theoretical optimum is reached when 

these benefits and costs offset each other and firm value is unaffected by changes in 

leverage. The financing structure and firm value are combined of: 
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This can also be illustrated as: 

  

Firm value V                    VU + tax shields 

 

    Costs of financial distress 

                   

 

       VU       VL 

 

 

                         Debt / assets 
 Figure 2.1     The tradeoff theory of capital structure 

 

When a non-levered firm decides to finance its operations with debt, it creates a shield 

which increases firm value since interest payments on debt are tax-deductible. In the 

special case of debt being permanent and the firm having a steady target debt ratio, the 

present value of tax shields are equal to the amount of debt multiplied by the corporate 
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tax rate. This amount adds firm value above its unlevered counterpart. However, the 

existence of tax shields depends on the firm’s ability to produce taxable income. 

Otherwise, tax shields are useless and do not increase value. Therefore, the greater the 

marginal tax rate and the greater the amount of debt, the greater the gain in firm value. 

Modigliani and Miller (1963) presented this result as a correction paper to their 1958 

seminal paper. However, they concluded that the firm is always able to issue risk-free 

debt and that new issues do not affect ratings or the risk class of previous debt issues. 

Therefore they did not take costs of financial distress into consideration and how they 

affect expected returns on the firm’s claims. 

 

Costs of financial distress include the legal and administrative costs of bankruptcy, as 

well as the subtler agency, moral hazard, monitoring and contracting costs, which erode 

firm value even if formal default is avoided. Investors acknowledge these costs by 

raising their expected return on claims issued by the firm and thereby resulting in a 

decline in their market value. This constitutes for direct costs of bankruptcy, but there 

are also indirect costs such as loss of revenues, client relationships and skilled 

employees as the firm’s reputation is damaged by dire straits. 

 

Altman (1984) was the first to also incorporate indirect costs in estimating changes in 

firm values prior to filing bankruptcy. He reported results which clearly indicate the 

significance of materialized bankruptcy costs as firms become financial distressed under 

high leverage. In many cases costs exceeded 20 % of the value of the firm measured just 

prior to bankruptcy and even some cases this measured several years prior. On average, 

bankruptcy costs ranged from 11 % to 17 % of firm value up to three years prior to 

filing bankruptcy. 

 

Altman also concludes that the present value of expected bankruptcy costs for many of 

the bankrupt firms exceed the present value of tax benefits accrued from leverage. This 

implies that firms were overleveraged and that a potentially important ingredient in the 

discussion of optimal capital structure is indeed the bankruptcy-cost factor (Altman 

1984, 1088). This comparison of benefits and costs strongly indicate an optimal 

leverage ratio, which can be achieved by using moderate levels of debt financing. 
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Further evidence on costs of financial distress has been presented by Andrade and 

Kaplan (1998). They studied 136 highly leveraged transactions (HLT) that took place in 

the end of the 1980s and found that high leverage is the primary cause of financial 

distress but not economic distress. Poor firm and industry performance played much 

smaller roles compared to debt servicing obligations. Andrade and Kaplan estimated the 

costs of financial distress as ten to twenty percent of firm value and even some values of 

nearly 25 percent. As a result, costs of financial distress are identified as significant 

sources of firm value decline. However, they also note that if their sample is exposed to 

selection bias, their estimates may understate the costs for the typical firm. 

 

The existence of debt financing benefits is not considered as straightforward as 

Modigliani and Miller (1963) intended. There has always been controversy how 

valuable tax shields are and how individual firms can exploit them. Researchers face 

several problems when they investigate how the tax incentives affect corporate financial 

policy and firm value. Among these problems is the difficulty of calculating corporate 

tax rates due to data problems and the complexity of tax codes in certain countries. 

Another problem is quantifying the effect of interest taxation at a personal level in 

countries where tax levels differ between dividends, interest income and capital gains. 

However, for simplicity, this work assumes equal taxation levels for dividends, capital 

gain, interest income and corporate tax rate. 

 

Graham (2000) has found evidence, that typical firm interest tax shields are 9,7 % of 

total firm market value, and some LBOs have even produced increases of up to twenty 

percent. Also, should debt conservative firms decide to maximize their values, the result 

would increase firm values by 15,7 %. To his surprise, he also discovered that firms, 

which use debt conservatively, are large, profitable, liquid, in stable industries, and face 

low ex ante costs of distress. However, these firms also have growth options and 

relatively few tangible assets. In addition, he found that debt conservatism is persistent, 

positively related to excess cash holdings, and weakly related to future acquisitions. 

 

Clear and robust evidence of substantial tax effects has also been reported by MacKie-

Mason (1990). He found that the relationship between tax shields and the marginal tax 

rate is important and that the marginal tax rate does effect financing decisions. In 
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addition, firms with high tax loss carryforwards are much less likely to use debt, since 

these firms are unlikely to be able to use interest deductions. This is because loss 

carryforwards in one year are highly correlated with zero-tax status in following years 

and they are likely to lower the effective marginal tax rate while crowding out interest 

deductions. Additional evidence consistent with tax-based theories is reported by 

Masulis (1983).10 

 

Empirical studies have also reported debt ratios to differ significantly from one firm to 

another. Any cross-sectional test of financing behavior should specify whether firms’ 

debt ratios differ because they have different optimal ratios or because their actual ratios 

diverge from optimal ones.11 Adjustment costs may also affect observed debt levels as 

they produce lags in capital structure changes. Especially large and even low adjustment 

costs could possibly explain the observed wide variation in actual debt levels, since 

firms would be forced into long excursions away from their optimal ratios. Some 

scholars, like Myers (1984), have therefore proposed the incorporation of 

recapitalization costs when capital structure choice is examined. This implies a dynamic 

aspect in financial policy and shareholder value maximization as Brennan and Schwartz 

(1984) have similarly advocated. 

 

Cross-sectional dispersion of actual debt ratios may also imply that firms do in fact have 

different optimal capital structures,12 even within an industry, and that there must be 

several factors influencing financing decisions. Firms with safe, tangible assets and 

plenty of taxable income to shield should have high target ratios. Unprofitable firms 

with risky, intangible assets should rely primarily on equity financing. High operating 

cash flow volatility implies a higher volatility in asset value, which increases default 

risk and increases expected returns. This in turn lowers the debt / equity optimum. In 

order to identify these different firm specific factors, we present an alternative approach 

to optimal capital structure modeling in the following chapter. 

––––––––––––––––––––– 
10  Exchange offers which increase leverage transfer wealth from debtholders and preferred stockholders 

to common stockholders. The opposite applies for decreasing leverage. 
11  Which was first, the chicken or the egg? 
12  Fama and French (1998) and Shyam-Sunder and Myers (1994) have not found evidence of the tradeoff 

theory in firm financing decisions. 
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3. Model of optimal capital structure 
 

 

The objective of this paper is to introduce a closed-form model, which is able to 

produce an optimal capital structure that maximizes total firm value. The model is 

calibrated to reflect actual firm characteristics and uses contingent-claim methods to 

value tax shields and costs of financial distress associated with leverage. It also 

maintains a long-run target debt to assets ratio by refinancing maturing debt; this 

provides a dynamic setting for capital structure choice. 

 

Several papers have emerged dealing this subject with similar contingent-claim 

models.13 They all present similar characteristics concerning model calibration and the 

assumption of a tradeoff between tax shields and costs associated with leverage. 

However, the model presented in this paper differs from previous studies. The single 

most decisive factor is the valuation method of required returns on claims issued by a 

firm. Our model is entirely based on option theory and therefore completely new. We 

are now able to simultaneously tackle many different factors that affect capital structure 

choice and combine capital structure theories. Another reason, which makes the 

application of option theory appealing, is that we are also able to extract market values 

and expected returns from within the model as firm leverage is changed. 

 

Firms operating in different industries face very different business environments. In 

cyclical industries the annual volatility of cash flows is higher and firms in capital-

intensive industries have usually preferred debt with longer maturity. Dividend policies 

also differ from one firm to another as well as their expected future growth.14 It is 

therefore crucial for capital structure models to take these different variables into 

account when studying different firms. Our option theory approach enables the model 

flexibility to adjust quickly when examining different industries or even firms within a 

certain industry. 

––––––––––––––––––––– 
13  As mentioned in the introduction. 
14  Firms in growing industries should retain a bigger fraction of their profits in order to invest in NPV > 0 

projects. On the other hand, agency theory suggests firms in slowly growing industries should distribute a 

considerable fraction of profits as dividends, according to Jensen (1986). 
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3.1 Basics of option theory 

 

An option is a security giving the right to buy or sell an asset, subject to certain 

conditions, within a specified period of time. This right is given by the issuer or writer 

of the option. A call option gives the right to buy the security, while a put option gives 

the right to sell the security. In order to give effect to the right to buy or sell, the option 

has to be exercised. This can be done either only at the date of expiry if the option is a 

“European”, whereas an “American” option can be exercised at any time before the date 

of expiry. In return for the insurance offered by the option contract, the buyer has to pay 

the issuer an option premium, which consists of two components: 

 

 valueTime   valueIntrinsicpremiumOption +=   (3.1) 

 

Intrinsic value exists if the current stock price is higher than the exercise price (in-the-

money). Therefore an investor would be able to make a certain profit by buying options. 

However, if the stock price is lower than the exercise price (out-of-the-money), the 

option has no intrinsic value, but this does not mean that the option is worthless. 

Depending on the possible future performance of the stock, the option does have time 

value. We can illustrate this as: 

 

    Option value 

 

   Value of call 

           In-the-money 

 

 

           Intrinsic value 

      Out-of-the-money 

           Time value 

 

                At-the-money           Security price 
    Figure 3.1     Call option value before expiration 
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There are five factors, which influence the option premium. Since we are focusing on 

European options,15 we will only consider factors influencing them. The premium for a 

call depends on: 

 

( )
+++−+

= σ , r ,  ,  , TXSFC     (3.2) 
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It is obvious, that the higher the security price, the more valuable the call option. 

Therefore C is positively related to S. The opposite applies to the exercise price, so X 

and C are negatively related. In turn, the maturity T and C are positively related. An 

increase in the riskless rate of interest r increases the option value because the money 

saved by purchasing the option rather than the security itself can be invested at the 

riskless rate until the option expires. Therefore, an increase in r increases the 

attractiveness of holding the option relative to the underlying security and therefore 

raises the option premium. 

 

An increase in the volatility of the asset value also increases the option premium. This is 

due to the increased probability that the security price will lie in the tails of the 

distribution of the security price when the option expires. Since the distribution above 

the exercise price is relevant, the potential gains on the option are unlimited. If we 

compare two different underlying securities with options written on them at the same 

conditions, same expiry and exercise price, the security with a higher volatility will 

produce a higher premium on the option. This is called stochastic dominance and 

implies that if one option payoff pattern is stochastically dominates that of another, the 

option will have a higher value (Blake 2000, 304). 

––––––––––––––––––––– 
15 This paper will concentrate on European options, because they cannot be exercised beforehand. The 

same intuition applies for corporate debt; it does not expire before the actual payback date. 
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Dividend payments will also affect the option premium if they occur before the 

expiration. When the security becomes ex-dividend, the security’s price will be lower 

even though the option holders are not entitled to receive any dividends unless they also 

own the actual security. When the stock becomes ex-dividend, the security price goes 

down and this will lower the value of the option.16 

 

Changes to a company’s capital structure can also affect the security price. Examples 

are capitalization issues, rights issues, demergers, takeovers and consolidations. In such 

cases, the exchange will alter the exercise price or the number of securities underlying 

the option but will leave both optionholders and writers unaffected by the changes 

made. 

 

 

3.2 Option valuation 

 

Before we introduce an exact formula for pricing options, we need to consider 

conditions, which affect option premiums. In order to value the premium, we must 

introduce a few boundary conditions, which restrict the possible premium values. First, 

the option must have a positive value throughout its life because there is some 

possibility that the option will expire in the money. Therefore it must be that: 

 

0≥C       (3.3) 

 

Second, a call option cannot be worth more than the underlying security, that is, no one 

will pay more for the option on a security than the security itself. Therefore it must be 

that: 

 

SC ≤       (3.4) 

 

 

 

––––––––––––––––––––– 
16 Dividend payments will increase the value of a put option written on the same security. This will in 

turn affect the required returns on the company’s liabilities. 
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Third, the value of a call option will always be greater than the value of the security 

price minus the discounted value of the exercise price: 

 
rTXeSC −−≥      (3.5) 

 

These conditions are combined in figure 3.2, which shows the boundary conditions that 

apply for a European call option. The option premium will lie in the area OADB 

restricted by the above conditions. 

 

    Option value 

       B 

             D 

       C = S          

 

 

             C = S – Xe-rT       

       

            

 

 O C = 0     A           Security price 
    Figure 3.2     Boundary conditions for a European call    Source: Blake (2000) 

 

 

Once the value of a European call option is known,17 it can be used to calculate the 

value of a European put option written on the same underlying security with the same 

exercise price and expiration date. This relationship is called put-call parity and was 

first introduced by Stoll (1969). 

 

 

 

––––––––––––––––––––– 
17 The premium can be calculated either by using a discrete-time binomial model by Cox, Ross and 

Rubenstein (1979) or by using a continuous-time diffusion process model by Black and Scholes (1973). 

American calls have to be calculated with the binomial method. 
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While assuming perfect markets, it is possible to create a riskless hedge portfolio by 

combining long positions in the security and the put option with a short position in the 

call option (same exercise price X and expiry period T as put option). At expiration, if 

the price of the security equals or exceeds the exercise price, then the value of the 

portfolio is: 

 

( )
X

XS

S

                                                 

       option     call of Value           
0        option    put  of Value           

              security   of Value             

=

−−−
+

 

 

Then there is the alternative case. If the share price is less than the exercise price when 

the call expires, the value of the portfolio is: 

 

X

SX
S

                                                      

         0        option     call of Value           
        option    put  of Value           

              security   of Value             

=

−
−+

 

 

In either case, the value of the portfolio at expiration is X. The portfolio is completely 

riskless and will earn a risk-free return. Therefore, the value of the portfolio at the 

beginning of the period is Xe-rT, where the exercise price is discounted with the riskless 

rate of return until expiration. For this reason the following relationship (put–call parity) 

must hold for European, non-dividend paying options:18 

 
rTXeSCP −+−=      (3.6) 

 

From this expression we can deduce, that buying a put is equal to buying a call, short-

selling the share and investing the proceeds in a safe asset. This relationship will prove 

essential for estimating the cost of debt financing and the effects of conflicts between 

debt and equityholders, as we will see in later sections. 

––––––––––––––––––––– 
18 If the stock makes dividend payments before the final exercise date, the investor who buys the calls 

misses out on this dividend. In this case the relationship is:   C + PV(X) = P + S – PV(dividends) 
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3.3 Option theory and firm’s balance sheet 

 

A firm’s balance sheet is comprised of real and financial assets, which produce cash 

flows in the future. These assets are financed by either equity, debt or both depending 

on the company. On the left hand side are the real assets and on the right hand side the 

sources of finance. This can be illustrated with a market value balance sheet: 

 

       Current assets         Current liabilities 

     Cash         Accounts payable 

      Inventory         Short-term debt 

       Accounts receivable         Long-term debt 

       Plants and buildings         Preferred stock 

     Equipment        Equity 

    Value of firm 

    V = A 

      Value of firm 

      D + E = A 
   Figure 3.3     Market value balance sheet 

 

It is generally realized, that corporate liabilities other than warrants may be viewed as 

options. Consider a company, which decides to lever its assets and it therefore issues a 

bond, which is sold to investors. When the debt matures the equityholders face the 

choice of either paying back the loan or to default in which case the equity would 

become worthless and the firm would fall into the hands of the debtholders. It is clear, 

that the equityholders have the equivalent of an option on their company’s assets. In 

effect, the debtholders own these assets, but they have given options to the 

equityholders to buy them back. 

 

When the debt matures, equity value will be the value of the company’s assets minus 

the face value of the debt, or zero, whichever is greater. If the firm’s asset value is under 

the current expiring debt value, default is imminent. On the other hand, if the assets are 

worth more than the debt, it is naturally in the best interest of the equityholders to pay 

off the maturing debt and in essence exercising their option on the firm’s assets. Now 

the ownership is transferred from the debtholders back to the equityholders. 
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Within the option theory, all the variables will be redefined. The call option becomes 

equity, stock price becomes firm’s assets and the option’s exercise price becomes the 

promised payment to debtholders, that is, the nominal value of the debt in the balance 

sheet (Brealey & Myers 1998, 594). Applying the put-call parity this relationship can be 

illustrated as: 

 

Value of firm =   Value of firm’s assets 

Market value of debt =   Present value of promised payment to 

     debtholders – value of put 

Market value of equity  =   Value of call 

=   Value of firm’s assets – present value of promised 

     payment to debtholders  +  value of put 

 

When a firm is a risky borrower, it is also subjected to some probability of default. The 

firm’s risky debt is equal to a safe debt less the value of the equityholders’ option to 

default, which is equal to the put option on the firm’s assets. In other words, the put 

value can also be defined as the expected loss to debtholders. 

 

The growth in the put’s value causes an asset substitution between equity and 

debtholders. The value of the put increases the equity value. Although the firm value as 

a whole does not increase, it does alter the relative values of equity and debt. This effect 

is realized as a capital loss for debtholders and a capital gain for equityholders. Needless 

to say, the asset substitution poses a threat to lenders as section two indicated. Therefore 

different covenants and indenture clauses are typically associated with debt issues. 

 

Leland (1994) has presented a study concerning bond covenant effects on yield spreads, 

bond valuation and capital structure optimum. He finds that short-term debt financing 

seems to correspond to protected debt, whereas long-term debt rarely has a positive net-

worth covenant and therefore implies a status of unprotected debt. He also concludes 

that protected debt values and unprotected investment grade debt values behave 

similarly (leverage increases expected return). However, unprotected junk bonds exhibit 

quite different behavior as leverage increased. Here, an increase in firm risk would 

actually increase debt value as will a decrease in the coupon. 
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3.4 Market values of equity and debt 

 

This paper utilizes a continuous-time framework for analyzing relative market values 

for debt and equity and their expected returns. Because of this framework and also for 

simplicity, the binomial option pricing model is excluded. In order to apply the Black–

Scholes option pricing formula for valuation, we will assume “ideal conditions”19 in the 

market: 

 

1) The short-term interest rate r is known and is constant through time. 

2) The asset price follows a random walk in continuous time with a variance rate 

proportional to the square of the asset price. Thus the distribution of possible asset 

prices at the end of any finite interval is log-normal. The variance rate of the return 

on the assets is constant. 

3) The stock pays no dividends or other distributions.20 

4) The option is European, that is, it can only be exercised at maturity. 

5) There are no transaction costs in buying or selling the stock or the option. 

6) It is possible to borrow any fraction of the price of the security to buy it or to hold it, 

at the short-term interest rate. 

7) There are no penalties to short selling. 

 

Under these assumptions, the value of the option (equity) will depend only on the price 

of the stock (assets), time and on variables, which are taken to be known constants. It is 

therefore possible to create a hedged position, consisting of a long position in the stock 

(assets) and a short position in the option. Writing w(A,T) for the value of the option as 

a function of the asset price A and time T, the number of the options that must be sold 

short against on share of asset long is: 

 

( )TAw ,
1

1

     (3.7) 

––––––––––––––––––––– 
19 These ideal conditions are not very often observed in the capital markets since return distributions are 

not actually normally distributed. However, within a theoretical model we can accept these deviations. 
20 Dividends can be taken into account by subtracting them from the asset value before calculating the 

option premium. 
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In this expression, the subscript refers to the partial derivative of w(A,T) with respect to 

its first argument. Since the hedged position contains one share of stock long and 1/w1 

options short, the value of the equity in the position is: 

 

1w
wA −       (3.8) 

 

The change in the value of the equity position in a short interval ∆T is therefore: 

 

1w
wA ∆

−∆      (3.9) 

 

By using stochastic calculus, ∆w which is w(A + ∆X, T + ∆T) – w(A,T), can be 

expanded as follows: 

 

TwTAwAww ∆+∆+∆=∆ 2
22

111 2
1 σ    (3.10) 

 

In equation (3.10), the subscripts on w refer to the partial derivatives and σ2 is the 

variance of the return on the assets or the variance of their value. Substituting from 

equation (3.10) into expression (3.9), the change in the value of the equity in the hedged 

position can be written as: 
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 +− σ     (3.11) 

 

Since the return on equity in the hedged position is certain, the return must be equal to 

r∆T. If this were not true, speculators would try to profit by borrowing large amounts to 

create such hedged positions and in the process force the returns down to the short-term 

interest rate. 
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Due to arbitrage by market participants, abnormal profits disappear and the change in 

the equity value (3.11) must equal the value of the equity (3.8) times r∆Τ: 
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Eliminating ∆T from both sides and rearranging, the differential equation for the value 

of the option can be written as: 

 

11
22

12 2
1 wArAwrww σ−−=     (3.13) 

  

Writing t* for the maturity date of the option and X for the exercise price, boundary 

conditions for possible option premiums can be written as: 

 

( )
XA
XAXAtAw

<=
≥−=

                   ,0            
           ,, *

    (3.14) 

 

There is only formula w(A,T), that satisfies the differential equation (3.13) subject to 

the boundary conditions above and therefore this formula is the option valuation 

formula. In order to solve this differential equation, the following substitution has to be 

made. By writing w(A,T) as: 
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With this substitution, the differential equation (3.13) becomes simply y2 = y11.  
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The boundary condition (3.14) will also be rewritten as: 
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The differential equation y2 = y11 is equal to the heat-transfer equation of physics and its 

solution in this notation is: 

 

( )
( )

dgeecsuy

s
u

qrsqu

∫
∞

−

−





 −






⋅+

⋅











−=

2

22
1

2
12

222

1
2
1,

σσ

π
  (3.17) 

 

Substituting from equation (3.17) into equation (3.15) and simplifying, we find the 

familiar form of option pricing equation:21 
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––––––––––––––––––––– 
21 This presentation is a scaled down version of the original Black and Scholes (1973) paper. 
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This is known as the Black–Scholes equation, which was introduced in 1973. It is 

widely used by option dealers every day throughout the world as they execute deals 

worth billions of dollars. The attractiveness of this option valuation method is its 

simplicity and flexible use for the purpose of studying optimal capital structure. This 

enables us to model the effects on pricing claims issued by the firm when capital 

structure is changed. The equation’s continuous-time assumption is also ideal for our 

model, which assumes a dynamic refinancing scheme when debt matures. 

 

In order to apply the Black–Scholes formula for equity and debt valuation, the equation 

variables have to be redefined. The exercise price X becomes the debt liabilities 

(outstanding debt), option’s time to maturity T becomes the debt maturity, risk-free rate 

of return r is the return on government bonds with the corresponding maturity T, stock 

price S becomes assets in the balance sheet (market value of firm) and volatility σ is the 

business cycle smoothed volatility of free cash flow. All of these variables can easily be 

observed or calculated, compared to signaling or asymmetric information factors. Next, 

we will extract expected returns for both claims. 

 

 

3.5 Leverage and cost of debt 

 

MMI –proposition holds that corporate debt faces the same miniscule default risk as 

government bonds, or risk-free bonds. However, this is not true in the real world. 

Investors expect higher return on debt, which is associated with any probability of 

default. The value and the expected return of a particular issue of corporate debt depend 

essentially on three items: 

 

1) The required rate of return on risk-free debt (government bonds or very high grade 

corporate bonds) 

2) The various provisions and restrictions contained in the indenture (maturity, coupon 

rate, call terms, seniority, etc.) 

3) The probability that the firm will be unable to satisfy some or all of the indenture 

requirements (that is, the probability of default) 
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Suppose there exists a security whose market value Y at any point in time can be written 

as a function of the value of the firm and time, Y = F(V,T). The dynamics of this 

security’s value can then formally be written in a stochastic differential equation form 

as: 

 

[ ] yyyy dzYdTCYdY ⋅+⋅−= σα     (3.19) 

 

where αy is the instantaneous expected rate of return per unit time on the security, Cy is 

the euro payout per unit of time of the security, σ2
y is the instantaneous variance of the 

return per unit of time and dzy is a standard Gauss-Wiener process. There is an explicit 

functional relationship between the αy, σ2
y and dzy in (3.19) and the corresponding 

variables α, σ and dz. Applying Ito’s Lemma, the dynamics for the security’s value Y 

can be rewritten as: 
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where subscripts denote partial derivatives. Comparing terms in (3.20) and (3.19), we 

have that: 
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Now consider a composition of a three-security portfolio containing the firm, the 

particular security and a risk-free debt such, that the aggregate investment in the 

portfolio is zero. This can be achieved by using the proceeds of short-sales and 

borrowings to finance the long positions in different securities. 

 



 

 

36

36

If dx is the instantaneous euro return to the portfolio, then: 
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  (3.22) 

 

where W1 is the number of euros of the portfolio invested in the firm, W2 is the number 

of euros invested in the security and W3 ( = –[ W1 + W2 ]) is the number of euros 

invested in risk-free (government) debt. 

 

A portfolio strategy (Wj = Wj
*) is chosen so, that the coefficient of dz is always zero and 

then the euro return on the portfolio would be non–stochastic. Since the portfolio 

requires zero net investment, it must be so in order to avoid arbitrage profits, the 

expected return on the portfolio with the chosen strategy is zero. Therefore: 
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A nontrivial solution to (3.23) exists if and only if: 
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We can substitute from (3.21) for αY and σY and rewrite (3.24) as: 
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By rearranging terms and simplifying, (3.25) can be rewritten as: 

 

( ) YTVVV CFrFFCrVFV ++−⋅−+= 22

2
10 σ    (3.28) 

 

This equation is a parabolic partial differential equation for F, which must be satisfied 

by any security whose value can be written as a function of the value of the firm and 

time. A complete description of the equation needs two boundary conditions and an 

initial condition. These boundary condition specifications distinguish one security type 

from another, that is, debt from equity. 

 

It can be easily noticed which variables and parameters appear in the equation and 

therefore identify the reasons for changes in a security’s value. In addition to the value 

of the firm and time, F depends on the interest rate, the volatility of the firm’s asset 

value (or its business risk), the payout policy of the firm and the promised payout to the 

holders of the security. 

 

However, F does not depend on the expected rate of return on the firm nor on the risk-

preferences of investors nor on the characteristics of other assets available to investors 

beyond the three mentioned earlier. Therefore, two investors who agree on the volatility 

of the firm’s value will for a given interest rate and current firm value, agree on the 

value of the particular security. This is assumed by the implication of perfect markets; 

investors have homogenous expectations of future firm prospects. 

 

In the context of this paper we will assume the simplest case of corporate debt pricing, a 

risky discount bond.22 Suppose the firm has two classes of claims: 

 

1) A single, homogeneous class of debt 

2) The residual claim, equity 

 

 

 

––––––––––––––––––––– 
22 There is also a modification for a coupon paying debt. See Merton (1973). 
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We will further suppose that the indenture of the bond issue contains the following 

provisions and restrictions: 

 

1) The firm promises to pay a total of B euros to the bondholders on the specified date  

2) In the event this payment is not met, the bondholders immediately take over the 

company rendering the equity worthless 

3) The firm cannot issue any new senior claims on the firm nor can it pay cash 

dividends (salvage assets) or do share repurchases prior to the maturity of the debt 

 

If F is the value of the debt issue, the parabolic partial differential equation (3.26) can be 

rewritten as: 

 

0
2
1 22 =−−+ TVVV FrFrVFFVσ     (3.27) 

 

where CY = 0 because there are no coupon payments (the debt is considered a bullet-

debt), C = 0 from restriction (3.21) and T is length of time until the debt matures.  

 

To solve for the value of the debt, two boundary conditions and an initial condition must 

be specified as we mentioned earlier. These conditions are derived from the provisions 

of the indenture and the limited liability of claims. Since we have the value of the 

company V = F(V,T) + E(V,T), where E is the value of the equity, and both debt and 

equity can only take non-negative values, we have that: 
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On the maturity date T, the firm must either pay the promised payment, which is the 

face value of B to the bondholders or else the current equity becomes worthless due to 

default. If at maturity V(T) > B, the firm should pay the bondholders because the value 

of equity will be V(T) – B > 0. If the firm is unable to pay the bondholders, that is if 

V(T) < B, then the firm will default on its loans unless equityholders invest additional 



 

 

39

39

funds to save the company from bankruptcy. Therefore, the initial condition for the debt 

at T = 0 is: 

 

( ) [ ]BVVF ,min0, =      (3.29) 

 

We now have the boundary conditions and the initial condition. To determine the value 

of the equity E(V,T), we note that E(V,T) = V – F(V,T) and substitute for F in (3.27) 

and (3.28) in order to deduce the partial differential equation for equity: 
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1 22 =−−+ TVVV frfrVffVσ     (3.30) 

 

Subject to: 

 

( ) [ ]BVVf −= ,0max0,     (3.31) 

 

and boundary conditions (3.28); we can see that (3.29) and (3.30) are identical to the 

equations for a European call option on a non-dividend-paying common stock, where 

firm value in (3.29) and (3.30) corresponds to stock price and B corresponds to the 

exercise price. This relationship between levered equity and the call option allows us to 

write down the solution to (3.29) and (3.30) directly. From the Black–Scholes equation 

(3.18) we have that: 
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From (3.19) and F = V – E, we can simplify and write the value of the debt issue as: 
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Since this paper also focuses on the required returns on different securities, we can 

rewrite (3.32) in terms of spread between the risk-free bond and the risky corporate 

bond as: 
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As we can see from (3.33), for a given maturity, the risk premium is a function of only 

two variables on which all investors homogeneously agree upon: 

 

1) The volatility σ of the firm’s asset value or cash flows 

2) The ratio d of the present value (at the risk-free rate) of the promised payment to 

debtholders and the current value of the firm 
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Within our option theory approach and with the help of put–call parity, the required 

spread (3.33) can also be written in a much simpler form as: 
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    (3.34) 

 

The theoretical put option value we derived earlier in section three is in fact the 

expected loss in euros to the bondholders. As P becomes higher in comparison to the 

promised payback to debtholders, therefore implying a higher risk of default, the 

required premium also increases. As a result, the firm is able to refinance itself with 

worse rates and the market value of the debt declines. 

 

 

3.6 Leverage and cost of equity 

 

Mehra and Prescott (1985) have been the first to observe an equity premium puzzle in 

the capital markets. Especially after the 1950s, the realized return on equity has 

consistently been above the expected rate of return derived from dividend and earnings 

growth models. Fama and French (2001) have reported similar findings. The average 

real return for 1872–2000 on the S&P index is 8,81 % per year. The average real return 

on six-month commercial paper (a proxy for the risk-free interest rate) is 3,24 % 

indicating an equity premium of 5,57 %. The estimate of the expected real equity 

premium for 1872–2000 from the dividend growth model is 3,54 % per year. The 

estimate from the average stock return, 5,57 %, is almost 60 % higher. The difference in 

estimated and realized returns between the two is largely due to the last fifty years. 

 

The equity premium for 1872–1950 from dividend growth models, 4,17 % per year, is 

close to the estimate from the realized average return, 4,40 %. In contrast, the equity 

premium for 1951–2000 produced by the average return, 7,43 % per year, is almost 

three times the dividend estimate, 2,55 %. The estimate of the expected real equity 

premium for 1951–2000 from the earnings growth model, 4,32 % per year, is larger 



 

 

42

42

than the estimate from the dividend growth model. But the earnings growth estimate is 

still less than 60 % of the estimate from the average return. (Fama & French 2001) 

 

The competition between the dividend growth model and the average stock return is 

more interesting for 1951–2000 period. The dividend growth estimate of the expected 

return, 4,74 %, is less than half the realized average return, 9,62 %. The dividend 

growth estimate of the equity premium 2,55 % is 34 % of the estimate from returns, 

7,43 %. The 1951–2000 estimates of the expected stock return and the equity premium 

from the earnings growth model, 6,51 % and 4,32 %, are higher than for the dividend 

growth model. But they are well below the estimates from the realized average returns, 

9,62 % and 7,43 %. (Fama & French 2001) 

 

It has been argued that the realized equity premiums are due to higher risk. In asset 

pricing theory, the Sharpe ratio is related to aggregate risk aversion. Fama and French 

found that the ratios for the 1872–1950 and 1951–2000 equity premiums from the 

dividend growth model and the earnings growth model suggest that aggregate risk 

aversion is roughly similar in the two periods. Therefore, higher returns are not 

explained by investments in securities in higher risk class. 

 

They also suggest that much of the high return for 1951–2000 is unexpected capital 

gain. Most of the decline in the price ratios seems to be due to the unexpected decline of 

expected returns and for the values to end far below the mean. Their evidence suggests 

that rational forecasts of long-term dividend and earnings growth rates are not unusually 

high in 2000 and they therefore conclude that the large spread of 1951–2000 capital 

gains over dividend and earnings growth is largely due to a decline in the expected 

stock return. Since the majority of the sample firms were using debt financing, this 

would seem to imply that expected return on equity might not in fact follow a linear 

relationship with firm leverage as MMII–proposition indicates. 

 

Our method of estimating the equity premium in a levered company is based on the 

same idea as in equation (3.33). Instead of using a theoretical value of a put option, we 

adopt a figure, which will estimate the expected loss to equityholders in case of default. 

For this we need a theoretical probability of default in order to deduce the expected loss. 
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Our approach to calculating the default risk is based on the work of Vassalou and Xing 

(2004). We can calculate the estimated probability of default at any given leverage level 

and extract the expected loss due to default. Our method is again based on the same 

methodology used in previous sections. The default probability is the probability, that 

the firm’s assets will less than the book value of the firm’s liabilities. In other words, the 

default probability at time t is: 

 

( ) ( ) ( )[ ]tAtTtAtAtTtAtdef VXVobVXVobP ,,,,, lnlnPrPr ≤=≤= ++   (3.35) 

 

By assuming, that the asset value of the company again follows a geometric Brownian 

motion with constant drift and volatility, the value of the firm’s assets at any time t is 

given by: 
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Therefore, we can write the default probability as: 
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From this we can then define the distance to default as: 
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Default occurs when the ratio of the asset value to debt liabilities is less than one, or its 

logarithm is negative. The distance to default tells us by how many standard deviations 

the log of this ratio needs to deviate from its mean in order for default to occur. An 

important notice is that DD depends on the drift of the assets. In other words, DD 

depends on the future value of the assets (Vassalou and Xing 2004). Since our model is 

based on constant growth measured in long run, the drift is the same as the required 

return on unlevered equity, which is the real drift the firm’s assets are able to produce. 

 

Since we are assuming the same theoretical distribution used in Black–Scholes option 

valuation and Merton’s estimation of risky bond pricing, the theoretical probability of 

default will be given by: 
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Vassalou and Xing call this measure default likelihood indicator (DLI) instead of 

default probability since it does not correspond to the true probability of default in large 

samples. However, we will use this measure of default since it is consistent with the 

same assumptions utilized in other parts of this work. It is important to note that the 

difference between our measure of default risk and those produced by Standard & 

Poor’s, Moody’s or KMV. Their estimates are calculated using the empirical 

distribution of defaults. Our theoretical default probability of a firm is a positive 

nonlinear function of its default probability, that is, the required equity premium does 

not follow the linear function proposed by Modigliani and Miller (MMII). 
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As leverage increases and therefore the probability of default grows, the expected equity 

return increases slowly at first, but then starts to climb rapidly as default probability is 

increased. As a result, expected equity returns are at a lower level during reasonable 

leverage ratios, much closer to the ones reported by Fama and French (2001) and Mehra 

and Prescott (1985). The estimates lie well below the predictions of MMII–proposition. 

Furthermore, discarding older methods of estimating expected returns derived from the 

original MMI–proposition and applying a market-based model seems sensible and is in 

line with other assumptions behind option theory. 

 

We can now estimate the required premium charged on the levered equity. If default 

occurs, the equity will be worthless. If the firm is able to pay off the maturing debt and 

refinance itself while keeping a target debt ratio, the equity’s market value will not 

change. By applying equation (3.34) with the same intuition as in valuing debt 

premiums, we can rewrite the equation in terms of equity premium: 
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The expected loss to equityholders is merely a probability weighted estimate (if firm 

defaults, equityholders receive nothing) of loss in euros whereas the promised payment 

to unlevered equity is the basis for the equity return in a default-free situation, that is, a 

firm which is not faced by costs of financial distress. 
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3.7 Total firm value 

 

Now that we have been able to produce the relative market values for the firm’s 

liabilities (equations 3.6 and 3.18) and the required returns for them (equations 3.34 and 

3.40), we can calculate the cost of capital charged on the firm’s assets. The objective is 

to maximize the tax shields while at the same time minimizing the costs of financial 

distress. At the optimum point, total firm value is maximized and the growth in tax 

shields is completely offset by increasing costs of financial distress. 

 

By holding the firm’s future cash flows constant and assuming that capital structure 

does not affect the firm’s ability to produce cash flows, we can isolate the effect of 

capital structure change on the firm’s value. Applying the after-tax weighted average 

cost of capital (WACC), we can estimate the correct discount rate for calculating the 

present value of the cash flows given changes is leverage. 
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The tax advantages of debt financing are implicitly taken into account in a lower 

discount rate.23 The required returns and the relative values of claims issued by the firm 

change in a continuous fashion as leverage increases. When we hold all other 

parameters constant and change only the leverage, we are able to extract a concave 

curve, which presents firm value to investors while simultaneously taking into account 

the tax shields and costs of financial distress. In this paper, the WACC is merely a 

numerical manifestation of the tradeoff theory of capital structure. 

––––––––––––––––––––– 
23 Some countries apply a progressive corporate tax rate, which changes the effective tax rate 

considerably. Our model is based on a constant tax rate unaffected by the profits. 
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The WACC is then applied to calculate the present value of the firm’s free cash flow, 

that is, the cash that is left over to serve debt repayments and payoffs to equityholders. 

The free cash flow is defined as: 

 

FLOW CASH FREE           

lcapita in working increase -
expenses capital -                

 taxes-                                 
EBITDA                             

 

 

EBITDA stands for earnings before interest, taxes, depreciation and amortization.24 

Capital expenses are combined of investments in assets (mostly tangible) and working 

capital is the difference between the firm’s short-term assets (inventories, accounts 

receivable) and liabilities (accounts payable). 

 

It should be emphasized, that this work focuses on maximizing the whole firm value, 

instead of maximizing only the equity value. Since the objective is to find an optimal 

leverage ratio for the whole firm and provide support for a tradeoff theory, we will leave 

equity maximizing approaches to others. If the only objective is to increase 

equityholders wealth, it can be achieved by implementing operating decisions, which 

produce asset substitution. We on the other hand would like to focus on the 

determinants, which increases the firm’s appeal to all investors. Titman and Tsyplakov 

(2004) present a model, where an equity value maximizing firm has a suboptimal 

recapitalization strategy when debt matures. This causes agency costs to be quite 

significant, which implies that static capital structure may considerably underestimate 

the effect and the value of the agency costs due to debtholder – equityholder conflicts. 

 

  

 

 

––––––––––––––––––––– 
24 IFRS 3 has changed the way amortization affects EBITDA. Now goodwill is not written-off on a yearly 

basis, but it has to be tested annually in order to verify its contribution to the firm’s future cash flows. 

Therefore, goodwill is “eternal”, if there is no need for impairment charges. 
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4. Comparative statics of model 
 

 

In this section we will show the comparative statics of our optimal capital structure 

model. The total value of the firm is normalized to 100 when the assets are unlevered. 

Calibration is also needed, so the model requires estimates of: 

 

1. Maturity of corporate debt 

2. The risk-free rate of return on the corresponding maturity 

3. The effective tax rate 

4. The volatility of the cash flows or asset value 

5. The level of dividends paid by the firm 

6. The drift parameter for the total value of the firm 

 

The volatility of cash flow and debt maturity are similar to some Finnish paper 

companies. The volatility is the business cycle smoothed annual rate of percentage 

volatility. The risk-free interest rate equals a Finnish government 7-year bond (April 

2005) and the drift component is equal to the growth rate of assets in the long run, 

which is assumed to equal the expected return on unlevered equity. Dividend level is the 

long run dividend per asset ratio. The corporate tax rate is taken exogenenously. 

 

The applied base case parameters are: 

 

Corporate tax rate 30,00 % 

Debt maturity 7 years 

Volatility  0,30 

Risk-free return 3,50 % 

Drift  10,00 % 

Dividend level 2,00 % 

 

Some studies have incorporated transaction costs, bankruptcy boundaries and recovery 

rates in contingent-claim models. We have however excluded them from this analysis. 

They will be left for future examination of this option theory framework. 
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4.1 Asset value volatility 

 

Figure 4.1 illustrates the effect of cash flow / asset value volatility on the value of the 

levered firm and the optimal leverage ratio. As would be expected, the riskier the firm, 

the less the advantage of debt and the lower the optimal leverage ratio. A riskier firm 

suffers from higher debt payments and expected equity return, because of higher default 

probability. Therefore, we observe lower optimal leverage ratios for riskier firms. 

Figure 4.1     Firm value and cash flow / asset value volatility. 

The lines plot firm value V for three levels of cash flow or asset value volatility σ: 25 percent (open   

circle), 30 percent (solid line) and 35 percent (square). Other parameters are same as base case. 
 

With an annual asset value volatility of 25 percent, firm value increases to 123,73 when 

leverage ratio D / A is 0,45. For 30 percent, firm value can be increased to 113,38 at 

leverage ratio of 0,30. Finally, 35 percent volatility requires a leverage ratio of 0,18 to 

maximize firm value at 107,03. 

 

Similar evidence of asset value volatility on firm value has been reported by several 

studies. Brennan and Schwartz’s (1978) model produce a value graph, which presents 

same characteristics of volatility and value. Bradley et al. (1984) conclude that the 

volatility of firm earnings is an important, inverse determinant of firm leverage. They 

further argue that strong intra-industry similarities in firm leverage ratios and of 

persistent inter-industry differences, together with the highly significant inverse relation 
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between firm leverage and earnings, tend to support the modern balancing theory of 

optimal capital structure. However, Titman and Wessels (1988) fail to produce support 

for volatility influencing observed leverage ratios. They do admit, that their model may 

not capture the relevant aspects of the attributes effecting capital structure choice. This 

may be due to variables, which may not adequately reflect the nature of those attributes. 

 

Leland (1994) and Leland and Toft (1996) derive findings, which are similar to ours and 

advocate, that the risk of asset substitution increases debtholders’ expected returns. As a 

result, this implies increasing agency costs as volatility becomes higher. In return, 

optimal leverage ratio will decrease along with firm value. However, if the corporate 

bonds are rated as junk, volatility increase and higher interest rate may actually produce 

opposite results. In other words, debt values might increase. This is due to the very 

different way how junk bond duration changes. Instead of having a “normal” convex 

present value profile, junk bonds may well have concave profiles that produce such 

results. 

 

According to Leland (1998), very different results may also appear when volatility 

changes. For realistic parameters, the agency costs of debt related to asset substitution 

are far less than the tax advantages of debt. Relative to an otherwise-similar firm that 

can precontract risk levels before debt is issued, the firm will choose a strategy with 

higher average risk. Leverage will be lower and debt maturity will be shorter. Yield 

spreads rise as the potential asset substitution increases. But relative to an otherwise-

similar firm that has no potential for asset substitution, optimal leverage may actually 

rise. This contradicts the presumption that optimal leverage will fall when asset 

substitution is possible. (Leland 1998, 1237) 

 

Even though volatility versus optimal leverage and firm value are regarded to have an 

inverse and mostly strong negative relation, opposing results have also been reported. 

Since accruing costs might force firms to deviate substantially from their optimal 

leverage, a leverage range is advocated to be more suitable for examining observed 

leverage ratios. If adjustment costs are realized and an optimal leverage range is 

applied, such as Fischer et al. (1989) have proposed, increased volatility widens the 

range and could in fact produce an optimal leverage which is higher.  
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4.2 Debt maturity 

 

Figure 4.2 illustrates the effect of debt maturity on the value of the levered firm and the 

optimal leverage ratio. The risk-free interest rates correspond to actual observed levels 

of Finnish government bonds in April 2005. Figure 4.3 entails a constant interest rate. 

Figure 4.2     Firm value and debt maturity with actual risk-free interest rates. 

The lines plot firm value V for three levels of debt maturity T: 5 years and 3,0 percent (open circle), 10 

years and 3,5 percent (solid line), 15 years and 4,0 percent (square). 

Figure 4.3     Firm value and debt maturity with constant risk-free interest rate of 3,5 %. 

Maturity T: 5 years (open circle), 10 years (solid line) and 15 years (square). 
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In the case of actual interest rates, firm value is maximized at 120,30 when leverage is 

0,35 and maturity is five years. Firm value is 108,82 at leverage ratio 0,25 and 103,64 at 

leverage 0,15 with maturity of 10 and 15 years respectively. There is a marginal 

difference comparing actual rates and a constant one. In April 2005, the term structure 

was not steep nor was it completely flat. More importantly, the shape of the interest rate 

term structure at a given economic state influences maturity choice. The end result is 

surprising, shorter maturities imply a higher optimal leverage and higher firm value. At 

first, this seems counterintuitive. Brennan and Schwartz (1978) produce a result that 

seems to verify our finding. Their model also implies a negative relation between debt 

maturity and optimal firm leverage, but in contrast they argue that firm value is higher 

at an optimum leverage the longer the maturity. 

 

Leland and Toft (1996) have drawn conclusions that a longer maturity pushes the 

optimal leverage higher and firm value is also positively related to maturity. Empirically 

this has been reported by Barclay and Smith (1995). However, Leland and Toft also 

indicate that longer maturities increase credit spreads. This is exactly what our model 

indicates. At any given leverage ratio, theoretical default probabilities are higher when 

maturity is longer. Therefore debt with shorter maturity reduces the incentives for 

equityholders to increase firm risk. As a result, agency costs of asset substitution will be 

substantially lower when short-term debt is used. Naturally, this increases firm value. 

Guedes and Opler (1996) found little support for signaling and tax-based theories of 

debt maturity choice, but they did however find a negative relation between maturity 

and term premium for new corporate debt issues. 

 

Another major influence, which differentiates Leland and Toft’s (1996) and our results 

is that their model as well as Leland (1994) assume bankruptcy at any given moment 

before debt repayment. This is achieved by incorporating bond covenants, which limit 

possible debt values by triggering bankruptcy if firm asset values decline. These are 

called positive net-worth covenants. We, on the other hand, assume default only at 

maturity. Debtholders cannot force the firm into bankruptcy as they can in the above-

mentioned cases. Therefore, longer maturity enables firm management to pursue riskier 

ventures and the risk of this materializing gives debtholders as well as equityholders 

reason to increase their expected return on the firm’s financial claims. 
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4.3 Dividend policy 

 

Figure 4.4 illustrates the relationship between different dividend policies and the value 

of the levered firm and the optimal leverage ratio. Larger dividend ratios imply higher 

firm value and a positive relation with optimum leverage even though debt issues 

become more costly. 

Figure 4.4     Firm value and dividend level. 

The lines plot firm value V for three dividend / assets level: zero percent (circle), 3 percent (solid line) 

and 5 percent (square). Other parameters are same as base case. 

 

Firm value reaches a maximum point 112,72 at 0,28 leverage ratio with a zero percent 

dividend ratio. For three percent dividends, maximum firm value is 112,84 at 0,31 

leverage ratio and five percent dividend ratio increases firm value to 113,92 at 0,32 

leverage ratio. We assume that bond covenants do not prohibit dividend payments. 

 

Instead of waiting for a pay-off until the debt is retired, equityholders are able to receive 

a dividend flow during the debt financing period. Larger dividends increase firm value 

because equityholders experience a lower default probability. They can expropriate 

funds from the company and reduce the total amount lost if default occurs when the 

debt matures. Even though debtholders will increase their expected return as cash 

outflows to owners grow larger (theoretical put value increases), the lower expected 

return for equityholders more than offsets this effect. Therefore WACC is actually 
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reduced and optimal leverage ratio increases. The effect becomes much more apparent 

as leverage ratios increase and firms become overlevered. Another interesting 

implication is that dividend policy has a barely noticeable affect on firm value when 

firms are underlevered. This raises arguments for and against dividend policy 

irrelevancy.  

 

It is interesting to observe these results, but then again they might provide some 

evidence for well-known dividend policy theorems. Gordon-Lintner’s “bird-in-the-

hand” –theory states that equityholders prefer dividend payments instead of capital 

gains, which are perceived uncertain. This is clearly evident when firms are overlevered 

and the expropriation of assets benefits equityholders. The other observation, however, 

provides support for the dividend policy irrelevance advocated by Miller and 

Modigliani who stipulate that the level of dividend out flow does not affect firm value.  

 

However, it is obvious that changes in expected losses due to bankruptcy affects 

valuation of the firm’s securities. We cannot dismiss the MM–argument at low levels of 

debt financing, but increased leverage together with debt issues without very 

constricting covenants seem to imply that dividend policy does affect firm value. 

Normally investment policy is an important determinant of firm value and its optimal 

leverage. Increasing dividend flows may reduce investment opportunities if outside 

financing is harder to obtain, this in turn reduces the amount of net investment and leads 

to a lower firm value and optimal leverage ratio in the long run.  

 

According to Leland and Toft (1996), firms with lower payout rates should have a lower 

optimal amount of long term debt but higher amount of optimal short term debt. When 

using long term debt instead of short term debt, the incremental firm value is 

significantly reduced when payout ratio falls. They also advocate that the incremental 

agency costs associated with asset substitution are lower for firms with lower payout 

ratios. If the firms have greater growth prospects, it advocates lower payout ratios or 

cash outflows, greater risk and higher bankruptcy costs. These firms are expected to 

have lower optimal leverage ratios. Leland (1994) derives a result where a higher 

dividend ratio causes optimal leverage to reduce and yield spreads on debt issues 

increase. Accordingly, bankruptcy is more likely and firm value falls. 
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4.4 Interest rate level 

 

Figure 4.5 illustrates the relation between risk-free interest rate level, firm value and 

optimal leverage. It does not come as a surprise, that lower interest rates increase firm 

value. The negative relation between optimal leverage and interest rates is also apparent. 

Lower debt servicing costs benefit the firm as it can increase its leverage without 

increasing the probability of default. Tax shields become larger and firm value is higher. 

Figure 4.5     Firm value and risk-free interest rate level. 

The lines plot firm value V for three levels risk-free interest rate r: 2,0 percent (open circle), 3,5 percent 

(solid line) and 5,0 percent (square). Other parameters are same as base case. 
 

Optimum leverage is reached at 0,33 leverage ratio and firm value peaks at 119,02 when 

interest rates are at 2,0 percent. As interest rates increase to 3,5 percent, optimal 

leverage falls to 0,28 and firm value to 112,77. Finally, at 5,0 percent level optimal 

leverage is at 0,24 and firm value reaches 108,47. It seems that the prevailing interest 

rates affect the point of optimal leverage and firm value much more than dividend levels 

executed by the firm. 

 

Leland (1994) reports opposing results in relation between interest rates and optimal 

leverage. He found curious aspects that a rise in the interest rates leads to greater 

optimal leverage. Normally one might suggest that higher interest rates would reduce 

the amount of optimal leverage but he suggests it does not. Higher rates generate greater 
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tax benefits, which in turn advocate more debt capacity despite its higher cost. The 

added tax shield more than offsets the increased cost of debt financing when rates are 

high. Similarly the optimal debt for firms with higher bankruptcy costs may carry a 

lower interest rate than for firms with lower bankruptcy costs. This is because firms will 

choose significantly lower optimal leverage when bankruptcy costs are substantial, 

making debt less risky. (Leland 1994, 1248). 

 

More in line with our findings, a negative relation between interest rates and optimal 

leverage is found by Leland and Toft (1996). However, when asset value is kept 

constant and interest rates fall, the level of optimal leverage is reduced since lower 

required coupons will reduce the tax deduction of debt. Accordingly for any given 

maturity, previously-issued debt values fall when asset value volatility or interest rates 

increase if leverage is reasonably low. For newly-issued debt, rising interest rates 

increase credit spreads of shorter term debt but decreases spreads for long term debt. 

Lower bankruptcy costs lead to the use of particularly greater leverage for intermediate 

term debt, thereby increasing yield spreads for optimal debt with this maturity (Leland 

and Toft 1996, 1003). 

 

Not only does higher interest rates change the level of optimal leverage and firm value, 

Fischer et al. (1989) report additional interesting implications. Since large adjustment 

costs and even small recapitalization costs lead to wide swings in firms’ debt ratios over 

time, their study incorporated a leverage ratio range within the optimal leverage. They 

conclude that increasing interest rates reduce the optimal debt ratio and produces a 

higher initial debt ratio because it similarly increases the tax advantage of debt. In 

addition, an increase in rates will decrease the optimal leverage ratio range, which is 

derived from their model. Therefore firms will focus more on their leverage when 

interest rates are increasing. The same deduction also applies for increases in corporate 

tax rate and bankruptcy costs. 
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5. Empirical evidence on leverage 
 

 

We examine 175 companies which are among the largest in Finland measured by their 

annual turnover. The data, covering a ten year period between 1994 and 2003, includes 

both publicly traded and privately owned companies and is compiled by ETLA. It 

originally covers 600 companies. Unfortunately, the data is incomplete and for several 

years data is unavailable. We have therefore selected only those firms for which there 

exists enough information for our purposes and firms with incomplete data strands are 

excluded. Due to their distinctive business sectors and composition of their balance 

sheets, banks and insurance companies are also excluded from the estimations. 

 

We run four different regressions with two alternative estimation methods and two 

different leverage ratios. Dependent variables are the leverage ratios of interest bearing 

debt to total assets (IBD / A) and total debt to total assets (TOTD / A). The independent 

variables are chosen to reflect the four main categories which affect optimal capital 

structure under option theory framework. Business risk or the volatility of firm asset 

value is measured by free cash flow volatility scaled by the value of the firm’s total 

assets (FCFVOL / A). These figures are easily calculated from the data set. As Bradley 

et al. (1984) point out, this kind of volatility measure has been used by others and it 

does not suffer from the statistical problems associated with alternative measures of 

firm volatility. Dividend levels are also readily available from the data, which provides 

a dividend yield level of dividends per asset value (DIV / A). Other factors are much 

more difficult to measure and this will undoubtedly subject results to some level of 

lower validity. 

 

The first problem is the interest rate. The basic lending rate of the Bank of Finland, 

calculated as a year average, will serve as a proxy for the risk-free interest rate (INT). 

There is reasonable questioning whether or not this is the appropriate measure. 

However, there are certain difficulties in obtaining other suitable interest rate data such 

as helibor / euribor quotations for a wide range of maturities. Some of this information 

is either not readily available and would become relatively expensive to obtain. We 

presume that the basic lending are is adequate for our needs and gives enough 
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directional indication of relationship between observed capital structures and interest 

rate levels. The other problematic situation concerns the actual nature of the firms’ 

liabilities. Debt maturity is another complicated variable since the utilized data does not 

contain a single figure which would indicate the remaining life of debt liabilities in the 

corporate balance sheets. Again we must introduce a proxy variable which would 

capture the composition of the maturity. We have chosen a ratio of long term debt to 

short term debt (LT / ST) which indicates a higher figure as longer interest bearing 

maturities increase. Given the limitations of our data, no other type of proxy could serve 

as representative figure of debt maturity. 

 
Table 5.1     Summary statistics for regression variables 

 

 

 

 

 

 
Table 5.2     Correlation matrix with total debt to assets 

 

 

 

 

 
Table 5.3     Correlation matrix with interest bearing debt to assets 

 

 

 

 

 

Table 5.1 contains summary statistics for the regression variables. Considerable 

variability between extreme ends can easily be observed from the produced figures, 

especially for both leverage ratios. However, all included factors present a fairly stable 

set of observations throughout the data set. Tables 5.2 and 5.3 are in turn the correlation 

matrixes for the variables. 

  Mean Median Mode Max Min Std 
IBD / A 0,2685 0,2599 0,0000 0,9228 0,0000 0,1872 

TOTD / A 0,5672 0,5734 0,6644 1,2088 0,0845 0,1801 
DIV / A 0,0249 0,0096 0,0000 1,1745 0,0000 0,0556 

INT 4,1771 4,0000 4,0000 5,2708 3,1250 0,7070 
FCFVOL / A 0,1986 0,1139 0,0720 5,2007 0,0199 0,3128 

LT / ST 0,7782 0,4905 0,0000 16,9855 0,0000 1,3325 

  TOTD / A DIV / A INT FCFVOL / A LT / ST 
TOTD / A 1,0000 -0,1993 0,1441 0,1832 0,2669 
DIV / A -0,1993 1,0000 -0,1154 0,0556 -0,1271 

INT 0,1441 -0,1154 1,0000 0,0846 0,0880 
FCFVOL / A 0,1832 0,0556 0,0846 1,0000 -0,0786 

LT / ST 0,2669 -0,1271 0,0880 -0,0786 1,0000 

  IBD / A DIV / A INT FCFVOL / A LT / ST 
IBD / A 1,0000 -0,2404 0,1553 -0,1239 0,5134 
DIV / A -0,2404 1,0000 -0,1154 0,0556 -0,1271 

INT 0,1553 -0,1154 1,0000 0,0846 0,0880 
FCFVOL / A -0,1239 0,0556 0,0846 1,0000 -0,0786 

LT / ST 0,5134 -0,1271 0,0880 -0,0786 1,0000 
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The four different regression results are reported in table 5.4 which is divided into two 

major sections. The left hand side shows the OLS regressions whereas the right hand 

side shows ML regressions.25 The reported data is also divided into two different 

categories according to the explained leverage ratio. 

 
Table 5.4     OLS and ML regression results of firm leverage 

  
                

OLS OLS 
               

ML ML  
  IBD / A TOTD / A IBD / A TOTD / A 
     

CONSTANT 0,1277 0,4403 0,1143 0,4267 
 (5,90) (18,10) (6,98) (24,80) 
     

DIV / A -0,5492 -0,5456 -0,3128 -0,3054 
 (-3,31) (-3,41) (-5,63) (-5,48) 
     

INT 0,0269 0,0216 0,0309 0,0232 
 (5,91) (4,53) (9,93) (7,44) 
     

FCFVOL / A -0,0514 0,1182 -0,0697 0,0373 
 (-2,80) (5,32) (-5,50) (2,91) 
     

LT / ST 0,0670 0,0343 0,0599 0,0566 
 (4,34) (4,93) (17,40) (16,20) 
          

R square 0,3105 0,1513 0,2497 0,2103 
F-statistics 196,48 77,77 145,15 116,16 

 

All reported variables and their coefficients as well as the models’ F–values are 

statistically significant at one percent risk level. If leverage ratio is indicated by interest 

bearing liabilities instead of taking all liabilities into consideration, the explanatory 

powers or R2 –values are higher.26 In other words, the observed levels of interest 

bearing debt are better explained by the chosen independent variables and therefore in 

estimating firm value, more emphasis should be on IBD. This is exactly what is done by 

analysts in securities firms and investment banks. Non-interest bearing liabilities, such 

as accounts payable, are given less consideration in firm valuation although long-term 

trends in the development of their level are scrutinized closely. 

––––––––––––––––––––– 
25 ML is identical to OLS when examining large samples. On a theoretical basis, OLS is considered a 

better estimator. ML regressions above are presented only as a verification that we used a large sample. 
26 Due to data problems stated earlier, these results should be considered more as qualitative indications 

than actual estimations of financing behavior among Finnish companies. 
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Another noteworthy difference between IBD and TOTD is that the signs of the volatility 

coefficients are opposite from each other. Higher free cash flow volatility seems to 

lower the amount of interest bearing debt but on the other hand, total leverage is 

increased! There are two natural explanations for this kind of financing behavior. 

Chapter three indicated that the pricing of risky corporate debt essential depends on two 

separate factors, the firm’s current leverage ratio and the volatility of asset value which 

is based on operating income volatility. Therefore, when volatility level or business risk 

is higher, firms are able to receive debt financing at worse interest rates and this makes 

it a less appealing alternative. 

 

On the other hand, business operations have to be financed somehow and if operating 

income and retained earnings are not sufficient, the other alternative is to issue new 

common stock. However, considering the costs associated with new equity issues and 

the possible dilution of current stockholders’ wealth, it would seem more likely that 

firms will instead turn to other methods of debt related financing such as accounts 

payable. 

 

According to our findings, Finnish companies seem to rely on good customer-vendor 

relations and utilize this by inflating their balance sheets with accounts payable since 

higher volatility increases total debt levels. There are also other ways to increase short 

term liabilities. During the past ten years Finnish capital and money markets have 

grown extensively and this has enabled firms to acquire reasonably priced short term 

debt on the open market. Many firms have signed commercial paper agreements with 

the largest Finnish banks which act as dealers operating between investors and the 

firms. This has turned the traditional bank oriented lending markets into better 

performing capital markets. Increased liquidity and borrowing possibilities have 

enabled both medium and large firms to acquire relatively inexpensive debt financing 

with short notice and at the same time, banks’ own operating risks have decreased as 

lending does not strain their balance sheets. 

 

Observed dividend policies and leverage ratios have unexpected effects on each other. 

Our theoretical model predicted a marginal increase in optimal leverage as dividends 

increase, but empirical evidence does not support this argument. Whether IBD or TOTD 
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is examined, larger dividend levels have a negative impact observed leverage ratios. 

Generous cash out flows to owners seem to imply a profitable business where less debt 

is required to finance operations. Similarly, debt covenants may prohibit the generous 

dispersion of dividends. Therefore companies, which are willing to reward their owners, 

probably need to lower their leverage levels in order to avoid debt contract violations. 

 

However, we have not taken any view on whether or not observed leverage ratios are 

over or under the firm specific theoretical optimum and if the observed companies were 

pursuing maximization of their total value. As we pointed out, firm value is hardly 

affected by dividend level changes when firms are underlevered. The opposite applies 

when leverage has increased beyond the optimum and if resources can be expropriated 

without restrictive debt covenants. It would seem unlikely that highly levered firms 

would be able to pay out excessive amounts of cash dividends due to economic distress. 

In this respect, pecking order theory would seem a plausible answer to financing 

behavior among Finnish companies. Profitable firms use mainly internal sources of 

funds and then turn to debt financing. 

   

Another striking change in financing behavior is the fact that new equity issues have 

more or less disappeared. Before the severe depression in the beginning of the 1990s, 

equity issues were almost an every week event for the largest companies even though 

bank lending was heavily exploited. The majority of firms invested heavily on capital 

expenditures and corporate acquisitions. This transformed the largest companies into 

conglomerates operating in a wide selection of business areas, which had nothing to do 

each other. This trend of overinvestment has disappeared and companies have begun to 

sell off different business units. Similarly, the need for funding these activities have 

decreased. 

 

Observed relationship between interest rate level and firm leverage also differ from the 

model’s predictions, which indicated an inverse relation. Even thought we cannot 

observe changes in firm value, higher debt costs should produce a lower optimal 

leverage. The empirical findings support contradictory results if we assume that firms 

have pursued an optimal capital structure. The produced coefficients imply that 

increases in interest rates drive leverage ratios higher. Understandably, this kind of 
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behavior can also be assumed logical since higher debt servicing costs lowers taxable 

income. However, we feel that the reasons have to be searched somewhere else. 

 

The majority of Finnish companies were extremely highly levered before the 

depression. When the economic scene was hit by severe problems, many companies ran 

into severe difficulties in debt servicing when interest soared to nearly twenty percent. 

The end result for many firms was the inevitable bankruptcy and subsequent liquidation 

or merger with a healthier company. However, due to a phenomenal economic recovery 

and a “collapse” in interest rates, the economy as well as companies prospered. 

 

During these years, the survived Finnish companies’ financing behavior changed 

radically. Instead of relying on heavy amounts of debt and frequent equity issues, the 

focus was set on internal performance enhancement and productivity. The excessive 

amounts of debt were repaid very quickly and balance sheets transformed into more 

conservative state. Accordingly, the results have been very good for the economic state 

of firms. Nowadays companies are in a very solid financial state and wealthy up to a 

point where international investors and banks are unable to find profitable investment 

opportunities in corporate debt markets. 

 

The final factor influencing leverage and firm value is debt maturity. Our model 

produced a curious, inverse relation between maturity and optimal leverage ratio. In 

contrast, this is completely different from traditional beliefs which advocate longer 

maturities for maximizing optimal leverage. However, our model considers agency 

costs and the risk of asset substitution. Combining these two topics with debt maturity 

produced our results. Nevertheless, leverage ratios and debt maturity also seem to 

follow a contradictory result in comparison to the model’s predictions. 

 

If leverage is increased, longer maturities are preferred by Finnish finance starved 

companies. When debt is issued, companies prefer longer maturities than one year 

therefore implying that money market instruments and accounts payable are utilized 

conservatively. We must also consider the fact, that our proxy for maturity may not be 

an adequate measure. However, future research with better data will undoubtedly 

present other results which may lend support to our theoretical suggestion. 
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6. Conclusions 
 

 

This paper developed a synthesis of asset pricing and capital structure theory in order to 

produce a balancing effect or tradeoff between tax shields and costs of financial distress. 

We introduced an option theory framework which illustrated the effects of leverage 

changes on firm value. We also identified several major factors which need to taken into 

consideration when financing policy is set. These firm specific factors are debt maturity, 

business risk, risk-free interest rate and dividend policy. Some variables and their 

comparative statics generated expected changes in optimal leverage ratios and firm 

values, but some surprising results were also discovered. 

 

The absence of default triggering bankruptcy boundaries enables firm value 

maximization with higher leverage ratios by using shorter term debt. This is due to 

agency costs or asset substitution risk being lower for any given level of debt. As 

maturity is increased, equity value maximization becomes easier for firm management 

and debtholders will accordingly increase their expected return. Another implication of 

longer maturities is the increased price risk due to changes in interest rate levels. When 

durations increase, the risk of adverse price reactions become more apparent. Therefore, 

higher duration increases investors’ risk and expected returns are adjusted accordingly. 

 

Our model predicts an inverse relation between optimal leverage and business risk 

which is also confirmed by regression results when interest bearing liabilities are 

examined. Otherwise observed leverage ratios and volatility produced a positive 

correlation, which can also be explained by good customer-supplier relationships.  

Lower risk-free interest rate drives optimal leverage higher and firm value increases at 

the same time since a lower rate enables a lower bankruptcy probability at higher 

leverage ratios. Higher leverage ratios in turn lead to greater tax shields. 

 

Dividend policy and firm value together with the existence of an optimal capital 

structure produces two confronting arguments on dividend policy irrelevance. We 

observed that firm value is hardly affected by dividend policy when underleverage is the 

prevailing state. In essence, this supports the view of dividend policy irrelevance 
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especially when default probability is considered to decrease as optimal leverage is 

reached. However, opposite results emerged when optimal leverage point was exceeded. 

As a result, higher dividend levels increased total firm value although debt pricing rose 

due to higher probability of bankruptcy. Without very constricting debt covenants, 

stockholders may expropriate firm resources before the debt matures and increasing the 

company’s probability of default. This supports the opposite view that dividend policy 

does affect firm value since dividends are perceived a more secure flow of income than 

capital gains. 

 

The empirical evidence recovered from Finnish companies produced disappointing 

results for our model. However, we feel that data problems which we experienced 

during our research caused these perverse findings. Another complicated fact which 

produces certain biases in our results can be accounted for the extraordinary events that 

occurred in Finland just before and during 1994–2003 period. Ideally our theoretical 

model and its implications should be empirically tested with better data such as 

COMPUSTAT files on the US markets. 

 

We have shown that new methods of examining optimal capital structure have not 

disappeared even though this field has been extensively studied for the past five 

decades. Future examination and study of option theory applications to capital structure 

choice are strongly recommended. The flexibility and simultaneous nature of this 

method is beneficial for focusing on critical factors affecting firm value and combining 

implications of agency and asymmetric information theories. We studied only non-

coupon paying debt and ignored the possibility of convertible bonds and default 

boundaries which would enable debtholders to have a stronger hold on the financing 

and operative decisions of the company as well as to force liquidation. These model 

specifications should be scrutinized more carefully and adopted to an option pricing 

framework. 
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