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Abstract 

Chapter one provides the reader an introduction to the thesis. Some basic background 

information on the theory of capital structure is presented. Finally the reader is appraised of 

where the thesis will go and how it will fit into the theory of capital structure. 

Chapter two investigates the properties of various legal regimes when there is the 

opportunity for bankruptcy. The key result is that strict liability aiways yields less than the 

socially optimal level of care, while negligence will never do any worse than strict liability. 

The paper characterizes the behavior of the firm in terms of the possible values the liability 

may take. The chapter investigates both the case of a single tortfeasor and joint tortfeasors. 

The joint tort regimes were ranked based on which regime induced the optimal level of care 

from the tortfeasors. The advantage of the paper over previous papers is that it conditions the 

rankings on the level of Iiability and not the solvency of the firrn, which is endogenized in 

this chapter. 

Chapter three provides a theory of regulatory finance that accounts for the full cost 

of capital. Regulated firms have their prices and capital structure set by the regulator. The 

price allowed is a transfer from consumers to the firm and is increasing in the bargaining 

power of the firm, costs and uncertainty, while the debt equity ratio is increasing the firm's 

bargaining power and decreasing in costs and uncertainty. States in which the firms have 

large bargaining power will also slower in moving towards deregulation. 

The mode1 provides a framework for estimating the bargaining power of 

consurners. These estimates can be used to make various inferences about the states' 



regulatory policies. In addition. these measures can explain the Pace of deregulation in the 

electricity industry. 
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Chapter 1 

Background 

1.1 Introduction 

Fifty years ago, the field of finance was no more than a descriptive field where the common 

wisdom and experiences of business practitioners were imparted upon the students.' The 

foundations of modern finance were sewn with the publication of John von Neumann and 

Oskar 3Iorgenstern's Theory of Games and Economic Behavior in 1947. It was here that 

the axiomatic utility theory for decisions under uncertainty was introduced and this 

allowed the emergence of portfolio theory. The field of finance benefitted enormously 

especially the sub-area of asset pricing. The field of corporate finance, however, remained 

in its old ways relying on tried and tested prescriptions and institutional descriptions. 

In 1958, however, a revolution occurred when Fkanco Modigliani and Merton Miller 

piiblished their seminal a r t i ~ l e . ~  In their article, they challenged the conventional wisdom 

that had been taught in business schools and showed that the financing of a firm was 

irrelec-ant to its value. The size of the pie does not depend on how you split it is what 

they ~ a i d . ~  

' CopeIand and \Veston (1993) give a brief description of this in their preface. 
*310diglianni and Miller (1958). 
3 ~ h e y  aiso addresseci the issue of dividend policy and the value of the h. Conventional n-isdom held 

that for a finn to be highly valued it needed to have a decent dividend policy, otherwise shareholders 



The impact of the article was to force the profession to think about which axiom in 

the original paper needed to be violated in order for the method of hancing to affect the 

value of a firm. The profession has responded quite weU. By citing the obvious reasons 

such as the differential treatment of interest payments fiom dividends to using modem 

theories of asymmetric information, the scholars of hance  have identified many reasons 

mhy a firm could add value by using debt instead of equity. 

In another universe of scholarship, another revolution was taking place. A soft spoken 

scholar who did not get much respect from two institutions, the University of Buffalo and 

the University of Virginia, f o n d  a home at the law school at the University of Chicago. 

It nras there that Ronald Coase launched "The Problem of Social Cost" which laid the 

foundations of another field - law and econornic~.~ The Journal of Law and Economics 

followed later b y  the Journal of Legal Studz'es became the main pages where this field 

grew up and ultimately crossed over into the mainstream of econornics. One of the sub- 

areas of law and economics was that of torts. It is the marriage of capital structure and 

torts that the second chapter of my thesis w i H  focus on, and I will expand upon this 

lat er. 

In another, but more traditional, area of economic research George Stigler was busy 

exarnining why some industries were regulated while others were not . Furthermore: he 

~vcîs exarnining whether regulation achieved the desired impact that it nras supposed to. 

It was out of these studies that he developed the economic theory of regulation. I t  is 

this theory that I will use to explain the capital structure of regulated fims in my third 

chapter. 

The reader should see that the common thread in the chapters is capital structure 

which is the first part of the title of this thesis. The second chapter applies capital struc- 

ture to an aspect of the law, while the third chapter does the same for regulation. These 

arc great fields of research, and it is worth mentioning that al1 the schoIars mentioned 

would lower t i i  \dalue of such a h. They showed that dividend poli% iike capital structure. was 
irrelmxnt to the \due of the firm. 

"Coase (1960). Some n-ould add Calabresi (1961) as another founder of field of law and economics. 



above have won the Nobel prize in economics and were affiliateci with the UniversiS. of 

Chicago! 

In the pages that will follow, 1 hope to rnake a contribution to these exciting fields. 

The next section in this chapter will review some of the theories of capital structure. 1 will 

then outline how capital structure will be discussed in the context of law and regulation. 

I have deferred the discussion of torts and regdation to the relevant chapters. Chapter 

two is t i t led " Torts and Bankruptcy" which examines the interaction between various 

legal regimes and financial decisions made by £irms. Chapter three "A Positive Theory 

of Regulatory Finance" exsmines how the capital structure of a regulated firm is set, and 

fiirthermore what inferences can be made about the t g e  of regulator by observing the 

capital structure of such firms. The last chapter is an overview, where 1 will offer some 

thorights on what we have learned from this thesis. 

1.2 An Introduction to the Theories of Capital Struc- 

ture 

-4s stated above, the first paper that started the modern area of corporate finance was 

Llodigliani and Milier (1958). The Modigliani Miller paper makes a number of explicit or 

implicit assumptions such as perfect capital markets, no costs to bankruptcy, no corporate 

or persona1 tases, perfect information and no agency costs and that the financing decision 

does not affect the investment decision."nder these conditions the value of the firm 

is independent of the method of financing. The proof uses a no arbitrage argument to  

show tliis. 1 ad1 give a different but simple proof of the proposition.6 Suppose there is a 

firm that lives for one period. The firm has a cash flow x that  has an expected vdue of 

E [ x ] .  The face value of debt is D and the equity holders are the residual claimants. The 

S e e  Copeland and Weston (1993; p. 439) and Fama (1978) for more detailed exposition of the 
implicit c?ssumptions. 

'Ross (1959) gives t h .  



equityholders will receive the maximum of x - D or O. The debtholders have first claim 

on the cash flow if the firm can not pay them D. Hence, the debtholders will receive the 

minimum of D or x. The value of equity, therefore, is E[max[O, x - Dl], while the value 

of debt is E[min[x, Dl] .' The value of the firm is the value of equity plus the value of 

debt. which is equal to E[max[O, x - Dl] + E[min[x, Dl] = E[x] .  Note that the value of 

the firm is independent of capital structure as only the eirpected value of x determines 

the value. 

The analysis begins to get complicated when corporate taxes are taken into a c c o ~ n t . ~  

Suppose interest payments are tax deductible. Then the value of equity is E!max[O, x - 

(1 - t ) D ] ] ,  where t is the corporate tax rate, the value of debt is E[min[x, DI], and the 

value of the h m  is E(x] + E[tD ( x > Dl. Now the value of the firm is increasing in 

the amount of debt and this suggests that the firm should be fuUy leveraged. We do 

not observe this and no one seems to believe that this is a reasonable strategy. Hence, 

1-arious authors have sought to explain what could be constraining the leverage decisions 

of a firm in the presence of corporate taxes. 

Kraus and Litzinberger (1973) argue that as the firm borrows more, there is a higher 

risk of bankruptcy costs. These costs can be direct, such as the expenses that need to be 

paid to lanyers when liquidating the assets of a firmmg They can also be indirect, such 

as lost profits, the disruption of supplies, managers demanding higher compensation 

for potential unemployment and other such costs that rnay result if the firm declared 

bankruptcy. In fact, bankruptcy costs can be thought of as a metaphor for al1 such 

disadvantages that high leverage signals to market participants when valuing a firm. 

Miller (1977) argued that tax considerations may not explain the decision to leverage 

since the interest payments, while tax deductible at the firm level, will be taved at 

the persona1 level. Equity is taxed, usudy,  as a capital gains which can be postponcd 

indefinitely and hence is taxed a t  a lower expected rate, suggesting that the advantages 

- 
' This ignores discounting. 
"Iodigliani and hWer (1963). 
'Bautcr (1967). 



to debt from the tax treatment may not be as high as suggested. This led another 

generation of finance theorists to speculate on reasons related to the nature of information 

and agency costs. 

The agency costs explanation for an optimal capital structure, initiateci by Jensen and 

hleckling (1976), gives an alternative way to look a t  how a firm structures its finances. 

It recognizes that a company is exactly that: a company of different people. There are 

the shareholders, the debtholders, the managers, the suppliers, the customers and the 

employees. mhere each of these people have confiicting interests. 1 will add in the second 

chapter of my thesis another group, third party litigants, while in the third chapter 1 

will add the social regdators. Ignoring these two groups for now, the main agency cost 

tlieories of capital structure seek to explain capital structure as a conflict between the 

various parties such as the shareholders, bondholders and managers. The theories, and 

attempts a t  empirically veri@ng them, are not al1 in agreement. as Harris and Raviv's 

(1991) survey shows. 

The theories generally associate costs and benefits with both debt and equity. Since 

shareholders have al1 to gain and nothing to lose, other than their initial investment 

which is sunk, when deciding on what investments to make thereby putting the interests 

of the bondholders at risk, especially in the presence of bankruptcy costs, bondholders 

may decide to put covenants and restrictions on what shareholders can do. Monitoring 

the shareholders, however, is also a costly &air, and hence this makes debt less attractive 

des pi te t lie tax savings. 

Debt rnay have benefits too. The directors of a corporation, who represent the share- 

liolders. may worry that the managers are not acting in the best interest of the sharehold- 

ers. For esampie, suppose there was no debt. A manager who only feus unemployment 

might not esercise her best effort to maximize the value of the firm. If, on the other hand, 

the directors set up the capital structure such tbat there is a sizeable amount of debt 

that requires constant interest payments, the managers who do not meet these minimum 

payments will be unemployed. Therefore, debt may force managers to undertake the 



activities that give the shareholders the best return on their equity. 

Equity also has costs and benefits. It has benefits when the monitoring costs by 

creditors are too high. This is truet for example, in industries that are characterized 

by high human capital and not physical capital. These industries, such as the software 

industry which have been exclusively equity financecl, have very little tangible assets t hat 

can be liquidated in the event of bankruptcy. Equity has costs, though, when new equity 

benefits the new shareholders a t  the expense of the existing ones. 

As the reader can see, there are tensions between the various parties. Titman (1984) 

shows that if the firm's customers need specialized services that may not be available if 

the firm goes bankrupt, and hence the customers may not purchase from a firm that is 

highly leveraged, the firm will have l e s  debt in its capital structure. This again is an 

example of a capital structure sa t i sbng the needs of one of the claimants on the hm's  

assets. 

;\ Iyers and Majluf (1984) is an example of the asymnetric information explanations 

for capital structure. Outside investors have less information about a project that man- 

agement is thinking of hancing. If management truly believes that the project is of 

superior quality and that it will have a high return and low risk, then management 

should not fear borrowing from creditors. Creditors will interpret the issue of new debt 

as a signal of quality, while shareholders will interpret the issue of neur equity as a signal 

of low quality. Hence, firms will want to use debt first and then equity. 

PLlternatively, if one of the managers is also a shareholder, and the manager has 

superior information to the investors, the manager rnay be forced to invest in the equity 

of the firm. The manager might like to liquidate her holdings of the equity, but this 

mould signal to the market that the manager does not have any faith in the project at 

liand. Hence. some equity may be required to signal the quality of the projects that 

manager owners are undertaking.1° 

What is clear from the exposition above is that there are various costs and benefits 

1°See Leland and Pyle (1977). 



to the use of either method for hancing a h." What 1 will do in the ne.* section is 

set my thesis in the context of the theories mentioned. 

1.3 Where does this Thesis Fit in? 

As 1 stated earlier, this thesis examines how a firm may increase its value by adjusting 

its capital structure when their are other claimants on the assets of the hm. In chapter 

two. 1 examine the case when third party claimants have claims over the assets of the 

firm. In chapter three, 1 examine the capital structure of a firm that is regulated and 

hence has consumers and regulators as claimants over its assets. 

As 1 will explain in the next chapter, there are situations where a fkm may find itself 

facing claims from people whom it did not contract with. These are litigants who were 

harmed as a result of actions by the firm. hrthermore, a firm may find that it faces 

clairns on its assets not just because of its actions but because of actions of other fim. 

The firm may find that it is advantageous to adjust its capital structure by increasing 

the amount of debt to rninimize the payments to these litigants. Just as debt had t ~ x  

advantages. in that more debt meant less taxes, debt can have a positive impact when 

a firm is threatened by litigants. h4ore debt can mean less payments to litigants. In 

addition. there is an agency issue here. The third party litigants cannot contract in 

advance with the firm that caused them the harm, and hence cannot prevent the firm 

from leveraging in order to avoid the liability payments. 

In chapter three, I will show that when a regdator sets the price allowed to a reg- 

ulated firm, the regplator must choose the appropriate capital structure. The regulator 

is influenced by her concern for consumers as well as the value of the firm, and hence 

trades off the two concerns when determining what is the proper debt equity ratio. The 

regulator takes into account the costs of debt and equity, but also determines the cash 

flows to the firm. Thus the financing and finances of the firm become very dependent. 

"The discussion has abstracted from other f o m  of hancing such as preferred stock. 



The regulator will set a capital structure that is cornmensurate with her concern for the 

consumers. The chapter will develop an empiricd fiamework for inferring the nature of 

regulator's preferences from observed capital structures. 



Chapter 2 

Torts and Bankruptcy 

2.1 Introduction 

The two areas of torts and bankruptcy have been studied extensively but separately in 

the law and economics literature. Recently, there has b e n  a move to study the two 

topics together. Shavell (1986), Summers (1983) and Kornhauser and Revesz (1990) 

have al1 provided some insight into the efficiency of the various legal regimes that govern 

the lanr of torts when bankruptcy is an option. -411 these papers, however, have kept 

the bankruptcy decision exogenous. It is the purpose of this chapter to re-examine the 

various tort regimes when the decision to go bankrupt is endogenous. 

The chapter is motivated by two observations. The first is use of the bankruptcy code 

as a strategic tool to avoid the large liabilities that are being awarded in the courtrooms 

of America. The Manville Corporation, Texaco and more recently Dow Corning are 

esamples of companies that have used the bankruptcy code to avoid paying Litigants 

the large damages that  they were clairning. The second is the abolishment of joint and 

several liability by various states. Joint and several liability has b e n  a contentious issue 

in the legal literature and the legislatures alike. We shall see that the decision to go 

bankrupt by firrns facing large liabilities may shed some light on why some states may 

be abolishing joint and severd liability. 



1 will examine the behavior of a firrn that will pay a liability when its product causes 

an accident. The firm can lower its exposure to the liability either through leverage, care 

or bot h. Negligence is shown to dominate strict liability when care is the only instrument 

t-hat reduces the probability of an accident.' When the firm faces an increased liability: 

nre will see that the firm can either increase or decrease care. The response of the firm 

t.o increased liability will be the key to evaluating the joint torts regimes. The legd 

regimes will be ranked conditioned on the magnitude of the liability and other exogenous 

variables. This is in contradistinction to the previous literature that conditioned the 

rankings on solvency which was taken as exogenous, but which is endogenous in this 

study. 

Section two will introduce the reader to the concept of torts, foHowed by section three 

which discusses the topic of bankruptcy. Section four will review the relevant literature 

on the topic of torts and bankruptcy. The basic mode1 mi11 follow in section five, with 

some resiilts concerning the single tortfeasor in section s k  and seven. Section eight and 

nine will discuss the case of many tortfeasors: and the paper will conclude in section ten. 

2.2 A Primer on Torts 

This section will be divided into two subsections. The first provides a brief introduction 

to the basics of torts that the reader needs as a background in order to understand the 

paper. The second subsection provides more details on the topic, so that the reader may 

appreciate the larger issues involved when thinking about the topic. 

2.2.1 A Brief Introduction to Torts 

-4 tort is defined as any wrongful act, other than a breach of contract, for which a civil 

suit rnay be brought by a private person.* There are two major regimes that govern the 

- -  -- 

'This is to distinguish h m  the cases a-here the activity lewl of the firm can also influence the 
accident. Sec Shawdl (1986). 

* S e  L'mdes and Posner (1987) and Cooter and Ulen (1988). 



law of torts: strict liability and negligence. Under strict liabiliw a firm is held liable for 

the wrong it caused whenever the wrong occurs. No regard is given to whether the firm 

had taken necessary precautions to prevent the damage. Under negligence, however, if 

the firm can prove that i t  met some reasonable standard of care, then the firm does not 

have to pay for the damages. These regimes govern single tortfeasors, or wrongdoers. 

When there are two or more finns and an accident occurs, then either the damage 

can be attributed to one specific firm or it cannot. if it is attributed to a specific firm, 

then the firm faiis under either strict liability or negligence d e s  of a single tortfeasor. 

If the damage cannot be linked to a particular firm, then al1 the companies are jointly 

liable. This means that all the firms have to share in the damages. Under a joint and 

several liability regime, all the firms have to contribute to the darnages, with any one 

firm potentially liable for the entire damage. If the other firms are insolvent, then the 

solvent firrn can be held liable for the entire damage. Under a joint and several negligence 

standard, only those negligent firms will be heId liable for the entire damage, with any 

one negligent firm potentially liable for the entire damage. 

When the standard is joint and non-several liability, then the firms are held liable for 

up to a fraction of the damage. This fraction can be determined in a variety of ways, 

but. in this paper, we shail discuss the case when damages are divided equally among 

the various f i r r n ~ . ~  Under joint and non-several negligence. the negligent firms are liable 

for up to a fraction of the darnage. 

An esample of the joint standards is as follows. Suppose there are two firms that 

jointlÿ caused a damage of $1000. Under joint and several liability, each firm has to pay 

$500. but if one is insolvent or unabIe to pay the entire arnount, the other firm has to  

pay its S500 plus the remaining portion that the other film could not pay. Under joint 

and non-several liability. each firm has to pay a maximum of $500. When the standard 

is joint and several negligence, then the negligent firm has to pay the fidl m u n t  unless 

the  other is also negligent, in which case they share as in the joint and several Iiability 

3The reader is referred to Kornhauser and Revsez (1989) for a discussion of these rules. 



case. Under joint and non-several negligence, a negligent firm has to pay a maximum of 

$500. 

2.2.2 Torts: Some More Details 

The taxonomy presented above is the most brief one can be when describing this very 

large body of the Law. 1 will address some of the topics mentioned above in more detaii. 

The first is that of strict liabiiity. In order for a person or firm to be found liable 

under strict liability two conditions need to e ~ i s t . ~  The €irst is that the plaintiff or the 

victim must have suffered some harm. The second is that the defendant or the person 

being sued must have caused the harm either through an action or la& of action. These 

two conditions are sufficient for the Iiability to be assigned to the defendant. If the regime 

is negligence' then a third condition is needed. The defendant's actions or lack of action 

must be a violation of some implied duty owed by the injurer to the victim. 

That the victim be harmed is important. If a firm is negligent in its actions, but 

no harm occurs, then no suit can be brought forth. While tangible harrn is easy to 

document. such as an injury due to an accident, other forms of harm are not so easy to 

verify. Emotional pain and sder ing  have become more prevalent in the damages being 

awarded and this has implications in the theory of torts that go beyond the scope of this 

paper. For esample, if such damages are to be accounted for by the firm when deciding 

on how much precaution to take: what dollar value wil the court assign to such harm? 

In addition, are the courts able to assign the correct d u e  to such harms? 

The issue of proximate cause is also of great relevance to torts. Economists like to 

mode1 the harm as a function of some action that the firm took or did not take, and 

hence the concept of proximate cause. 

The condition for negiigence is tied in with the concept of proximate cause. The 

injiirer that caused the harm must have not taken enough care and that lack of care 

"Cooter and Ulen (1988: p. 265). 



caused the harm to the consumer. In contrast with strict liability, as long as the injurer 

caused the harm regardless of the level of care, the injurer is liable. 

The analysis presented so far relies only on the actions of the injurer without regards 

to the actions of the victim. A car may hit a pedestrian. but if the pedestrian jumped 

ont0 oncoming t r a c ,  then is it fair to hold the driver liable? These situations give rise to 

two other types of liability regimes: contributory liability and comparative liability with 

the equivalent counterparts under the negligence regime. These two concepts recognize 

that any accident is the product of the actions of both the injurer and victim. Had the 

victim not been there, the accident would not have happened. More importantly, the 

victim may not have taken adequate care when the accident took place. If the liability 

is always on the injurer regardless of what care the victim was taking, the victim will 

alnrays take less than adequate care. Under a contributory liability regime, the injurer 

is only liable when the victim takes adequate care. Again. no attention is paid to the 

injurer's level of care. Under the comparative liability system, the injurer pays only 

when the victirn was taking reasonable care. but only by the proportion of the injurer's 

contribution to the accident. 

The tn-O regimes discussed aiso apply to the case of negligence. Under a contributory 

negligence regime, the injurer is liable only if the victim was taking adequate care and 

the injurer was not. If the injurer was taking the required Carey then she does not pay 

regardless of the victim's s t a tu ,  and if injurer was negligent but the victim was also not 

taking proper care, then the injurer owes no damages. -4 comparative negligence regime 

imposes a liability if the injurer is negligent and the victim is not, but the liability is set 

in proportion to the degree to which the negligence caused the accident. 

The concepts discussed so far only focus on the level of care that the potential injurer, 

and for that matter the victim, engages in. What it does not focus on is the level 

of activity that may cause the accident in the first place. To illustrate consider the 

following esample. A driver who drives her car is engaging in the activity of driving, 

n-hile her style of driving is her level of care. Now if the liability regime is a negligence 



regime, she will only be held liable if she hits a pedestrian while she was not taking care. 

Under a strict liability regime, however, she might cut d o m  on the number of trips in 

addition to taking due care when driving. This is one area where strict liability might 

be superior to negligence in that it forces the potential injurer to monitor the level of 

activity in addition t o  the level of care. This study will not deal with situations that 

involve the activity and will focus on the let-el of care only. 

One of the main assumptions that is implicit in the description above is that the victim 

mil1 be able to collect the damages fiom the injurer in the event of accident. Abstracting 

from the costs of suing and recovering the damages, there is still the question whether the 

injurer will have any assets to satisfjr the claims. In the next section, 1 nril briefly review 

the subject of bankruptcy for firms, as they are the focus of this chapter, and show how 

that may thwart any attempt by victims to retrieve the damages that are owed to them 

due to the actions of a firm. 

2.3 Bankruptcy 

The reader will recall from the b s t  chapter of this thesis that a firm usually expects an 

uncertain amount of revenues to flow through the firm's coffers over a period of time. 

The firni may finance itself using debt or equity. 

-4 firm has some assets that includes cash flows over the next period of time. This 

firm sells a product that may cause harm to the consumers of this product. If the harm 

occurs and the consumers successfully sue the finn for the damages that they suffered, 

they n-ill be entitled to claim the arnount owed against the assets and cash flows of the 

firm. If, however, the arnount owing is greater than the assets of the firm plus the cash 

flow-, thcn the firm will declare bankruptcy. The litigants may liquidate the h m  and 

settle for what is available. More realisticdy, under U.S. bankruptcy law, the firm will 

file for Chapter 11 protection. This will enable them to negotiate a settlement with the 

litigants for an amount less than that being claimed. In addition, the firm will be allowed 



to keep on operating. 

Suppose that the firm was able to pay the litigants for the damages with the existing 

assets. The firm would be obligated to pay for the damages and the victims wouId be 

fuHy compensated. If, however, there were other claimants on the assets of the hm, such 

as creditors who are owed interest payments, the situation might change. 

The firm may decide to finance itself with a mixture of equity and debt, where debt 

is owed a k e d  amount in interest payments. Now if the firm harms the consumers and 

they siiccessfully sue the h m ,  the litigants will have to share in their clairns on the 

assets of the firm with the creditors. Moreover, and more importantly, if the damages 

plus the interest payments are greater than the assets of the firm, the 6rm will declare 

bankruptcy. The firm will file, most likely, for Chapter I l  protection. This will mean 

that in the worst case that the creditors will receive their interest payments in full leaving 

the victims with the residual assets. Even in the best case, the victims will have to share 

n-ith the creditors in their claims on the assets of the firm, which means that they Ml1 

not be fully compensated in either case. 

The reader can see that a h m  will have an incentive to increase the use of debt as a 

method of financing as  it reduces the amount that litigants receive. The bankruptcy code 

specifies that in the event a firm files for Chapter Il, a creditors comrnittee is formed that 

is comprised of those "persans, willing to serve, that hold the seven largest claims against 

the debtor."%ence, it is in the best interests of the firm to have as many creditors who 

have relatively large claims on the firm. In the event of a successful iawsuit, the Litigants, 

at bcst. would be one of seven members of a cornmittee deciding the fate of the assets of 

the firm.6 

This chapter will show how the bankruptcy code d l  allow the firm to use debt in 

order to avoid paying the litigants their due. It should be mentioned, that another way 

a firm rnay avoid the liability is to spin off its activities that are hazardous into separate 

'United States Code, title 11 section 1102. 
'Sec DeIaney (1992) for more detaiis on how this has been used. 



firms. Therefore, if the company is sued, it will be the smaller one which will be unable 

to pay the potentially large damages. This does not rely on capital structure, but in 

some sense is equivalent.' 

2.4 A Review of Previous Results from the Litera- 

ture 

The main result in the law and economics literature concerning torts is the equidence 

between strict liability and negligence, as long as care ïs the only method for reducing the 

probability of an accident and the level of care required by the courts for the negligence 

standard is set a t  the socidy optimal leveL8 The socially optimal level of care is that 

nrhich minimizes the cost of care plus the expected damage from the accident. 

If the firm is under a strict liability regime, then its objective function is the cost 

of care plus the expected damages. Hence, it will want to minimize the same objective 

function as the social planner, and so it dl take optimal careSg If it is under a negligence 

regime, it can either pay for the optimal care only, or pay for the cost of sub-optimal care 

plus the expected damage. Since the cost of optimal care is always less than the cost of 

optimal care plus expected darnages which is l e s  than the cost of any suboptirnal care 

plus expected damages, by the definition of minimization? the firm d l  always prefer to 

be non-negligent . l0 

'Sec Ringleb and Wiggins (1990) 
SII'hether this is possible or not is another issue. See ShaveU (1987) for a discussion on accident lan-• 
'This assumes that the victim can do nothing to prevent the accident. If the accident dependeci on 

the \<ctim's level of care in addition to the injurer's, strict liability would not yield the optimal level of 
care. However this leads to such topics as strict liability with the contribution, for which the reader is 
rcferred to Shaveli (1987, pp. 5-46). 

'OTo dernonstrate, suppose there is a firm that faces a liability, L, for an action it engages in. The firm 
n-ill only face the liability in the case of an accident which wiU happen with probability p(a), where a is 
t lie b e l  of care the fxm engages in. Hence, this probability of the accident is dependent on how much 
care the firm engages in. In addition, the probability of the accident is decreasing in care, Le., pf(a) < 0. 
Suppose that the cost of care is c ( a ) ,  then the firm is facing the following problem in the case of strict 
liability: min c(a)  + p(a)L which implies that c'(a) = -pf(a)L. This will yield an optimal level of care 

a 

n'. Soticc that this is also the socially optimal level of care. The firm, alternatively, codd have faced a 



When there is more than one finn, Say two, and joint and several liability is the 

regime, the social planner will want to minimize the cost of care for both finis plus 

the expected damage, where the probability of the accident is a hinction of both firms' 

care." The optimal care for both firms is the socially optimal level of care at  which the 

negligence standard is set. Each firm can be held liable for the entire damage, and hence 

will minimize the cost of care plus the entire expected damage. This will result in both 

firms taking the optimal amount of care. If it is a joint and several negligence standard, 

then each firm will be held liable for the entire damage if it is negligent and the other 

is non-negligent, held liable for half the damages if i t  is negligent and the other 6rm is 

negligent, or not held liable at all if it is non-negligent. 

In the first situation, it will want to minimize the cost of care plus the entire damage, 

and hence will take the optimal level of care. In the second, both firms will rninimize the 

costs of their care plus the damages that they both have to pay, or the entire damage, 

and hence both wiU take optimal care. In the third case, the firm wili take optimal care. 

Hence. under al1 three scenarios, both firms will take optimal care.12 

i ihen  the standard is joint and non-several liability, then each firm is held liable for 

iip to half the damages. In this situation, each firm onIy minimizes the cost of care plus 

half the espected darnages yielding sub-optimal care. Under a negligence standard, if the 

firm is negligent, i t will face a maximum of half the damages regardless of the other firm's 

negligence. The firm may choose to be negligent, as it may be worth its while to  spend 

negligence regime. In this case, the firm will face a cost of c(a) if a 2 a', or c (a )  + p(a) L,  othern-ise. It 
is obvious tfiat the firm n4i pick a = a', since c(a') < c(a') + p(a')L < c(a)  + p(a)L. 

l Tlic analysis in t his and the foiiowing paragraph is taken fiom Landes and Posner (1980; 1987). 
"This ~,ui be seen a s  foiion-ç. There are tn.o firms that c m  take care al and az. Their joint care d l  

cause a damage, L, with probabiiity p(al ,  a = ) ,  where pa, < O and p,, < O. The socially optimal levels a; 
and a; wiU be ascertaineci by min c ( a l )  + c(an) + p ( a l .  a2)L.  Nom-. if one is negligent, Say fkm 1, and 

al.- 

the other is not, then the firm bears the cost c ( a l )  + p ( a l ?  a; )L > c(a;)  + p(a;, a;)L > c(a;  ). Hence, 
firm 1 wiU always engage in optimal behavior. Sunilarly for firm 2. If both are negiigent, then suppose 
t hey share the damage equally, the firms will pay c(a 1 ) + p(a l ,  a2)  L / 2  and c(a2) + p(a 1 ,  a2 )  L/2. Now, 
c ( a i )  + c(a2)  -k p(a l ,az )L  > c(a;)  + c(a;) + p ( a ; , G ) L  > c(a;)  + c(a5). Again, both firms wiil chose to 
bc non-negligent. Under strict iiability, firm 1 want to min c ( a l )  + p(al ,  a2)L, and hence %di yield 

0 1  

Q I  = a ; .  



less on care and only pay half the damage. Hence, joint and non-several liability is not 

efficient, while its negligence counterpart may also not be efficient.13 

When there is a potential for bankruptcy then strict liability for a single fmn will 

be inefficient. This is because the firm discounts paying the fuil expected darnage by 

the probability of bankruptcy, and hence only takes enough care to minimize expected 

damages when the firm is solvent. Both Shavell (1986) and Summers (1983) show this 

result. Shavell models a 6rm that has assets l e s  than the amount of the damage, while 

Summers rnodels a firm that has a fked probability of bankruptcy. Negligence, they both 

show. is now superior to strict Liability, because the h aill choose to be non-negligent 

unless the solvency level is very low or the probability of bankruptcy is very high.14 

This chapter will model the solvency decision of the firm and make the probability of 

bankruptcy endogenous. 

When there are many firms, Kornhauser and Revesz (1990) show that there is nothing 

definit ive that can be said about the ranking of the various regimes. In their model, there 

are tn-O firms, where the second firrn is insolvent. They condition their ranking of the 

L-arious regimes on the solvency of the first firm. Since the second firm is insolvent, it is 

taking as little care as possible. 

Suppose the regime is joint and several negligence and both firms should take care 

q u a 1  to a* which is the optimal level of care. The second firm is taking no care since it  is 

insolvent. and suppose firm one takes a* in care. The social harm wiil still be quite higho 

13.\ joint =and non-set-eral negligence stanadard may yield inefficiencies, as c(al ) + p(ai ,G) L / 2  may 
be less than c(a; ) .  Strict lïability dways yields inefficient behavior. To see this, consider firm 1. Its 
problem is min c ( a l )  + p(al , a 2 )  L / 2 ,  which implies c' = -p,, L / 2  < -pu, L and thus we have l e s  than 

a t 

optimal care. The same is tme of the other firm. 
lJShavell (1986) points out that if the firm has a solvency, S. that is less than the liability L, the 

firrn will face a different problem of min c(a)  + p(a)S  which implies c' = -p'S < -p'L. This impiies 
n 

that the firm wiii engage in sub-opti& are. In the case of negligence, the firm adl stiii engage in 
optimal bchakior until c(a*)  < c (a )  +p(a )S ,  for a < a'. Siimmers (1983) assumes that the firm faces an 
csogenously given probability of bankniptcy a. Then, the firm under strict liability faces the problem of 
min c ( a )  + ( 1  - cr)p(a) L, which implies c' = -pt(l  - a )  L < -p'L, again implying less than optimal care. 

a 
In the case of negligence, the £irm will stiü engage in optimal care as long as, c(a9 ) < c (a )  +p(a)  (1 - a) L, 
R-hich implies that optimal behavior will be foiiowed as long as a < 1 - C ( a ~ ~ a ~ ~ a ~ .  



because of firm two's negligence. If the regime was joint and several fiability, however, 

and firm one had enough solvency to pay the liability, then it will take care aJSL > a*? 

because it has to account for firm two's înferior care. In this case they would rank joint 

and several liability above joint and several negligence. If firm one did not have enough 

solvency to pay the liability, it may decide to take no care &o. In this case it rnay have 

been better to impose the joint and several negligence regime since the firm only pays 

when it is negligent and it may have taken a* in care under the negligence regime. Their 

analysis is similar when looking at the joint and non-severd regimes. 

Kornhauser and Ret-esz show that the ranking of the regimes depend on the solvency 

of firm one and nothing definitive can be said. Landes (1990) in a note on their article 

argues that joint and several negligence still dominates joint and several liability and 

the other two regimes. This is because he claims that Kornhauser and Revesz did not 

define the negligence standard appropriately. They defined it for firm one independently 

of firm two's care. Landes defines the negligence standard for firm one as a function of 

firm two's level of care. Hence, if firm two is negligent, the level of care required from 

firm one is higher than if firm two were non-negligent. By doing so, Landes shows that 

joint and several negligence is superior to the other regimes. 

The difference of opinion cornes about because Kornhauser and Revesz (1990) and 

Landes ( 1990) are conditioning their ranking on the solvency of the firm which is exoge- 

nous in their models.'' Solvency, as 1 will show, is endogenous and the more appropriate 

variable to condition the rankings upon are the truly exogenous variables such as the 

magnitude of liability and bankruptcy costs. Another aspect of Kornhauser and Ret-esz 

(1990) is that they used a static game where it was assumed that one firm was bankrupt 

n-hile the second was not. This paper will allow both firms to move simultaneously 

by choosing both care and debt at  the same time. This paper will rank the regimes 

condi t iondly on the liabiLi ty level but will endogenize the insolvency decision. 

'"Kornliauser and Rewsz (1990, footnote 65) state that modelling the capital structure would have 
bcen an al ternative n-ay of modelling the firms' behavior. 



2.5 TheBasicModel 

In this section, 1 wilI set up the general mode1 of a tortfeasor that is sued for the harm 

caused by its actions. The mode1 is general, but wiU be parametrized in a subsequent 

section. It will setup the basics needed for the joint tortfeasors section later. 

2.5.1 The Players and Their Payoffs 

There are three players: the firm, the victims who are also the litigants and the social 

planner . 

The firm is deciding on how to finance a project. The project requires an investment 

today of K dollars that will yield a return x that is random with distribution G(x) and 

p.d. f. g(x). This return will be realized the next period. In addition it must raise either 

equity, debt or a mixture of both for this project. If it raises Br in debt then the remainder 

K - B' will be equity. The firm's project may cause an accident that has magnitude L. 

The accident will occur with probability p(a) ,  where a is the level of care that the fkn  

takes. The more care the firm takes the less likely the probability of an accident , so that 

pf(a) < O and $'(a) > O. In a strict liability regime, the firm will have to pay L to the 

victims of the accident, regardless of its level of care. Under a negligence regime, the 

firm will not pay unless its care level is below some socidly optimal level. 

The care that the firm may exert to reduce the probability of an accident will cost 

c(a) .  where c'(a) > 0, and d'(a) > O. This is spent from the shareholders' wealth. 

Since the revenues are random, there is a possibility that the firm will not have enough 

cash to pay the debtholders at the end of the next period. Next period the firm will have 

x? and the debtholders will receive either x or (1 + p) B', where p is the risk adjusted 

interest rate, whichever is the smaller. The risk adjüsted interest rate is set in order to 

k t  the eqected return to debtholders be equal to the return from investing B' in a risk 

free asset. The debtholders' return is x in those situations where x < (1 + p) Br and 



(1 + p )  B' when x > (1 + p)  Br. Formally, the risk adjusted rate is determined as follows: 

where we have assumed the risk hee interest rate to be zero, and Q((1 + p ) B r )  are the 

bankruptcy costs associated with the process of bankmptcy.16 These costs are a function 

of the level of debt that is involved, where Q' > 0, and Q > O. The lefthand side of 

(2.1) is the value of debt: or the expected retum to the debtholders. Denote (1 + p )  Br. 

the face kalue of debt, by B. 

The random nature of the revenues will also affect the shareholders. They will be 

plagued by the potential liability. Under a. strict liability regime, the victims will claim 

L. However. they can only get the firm to pay when the £km has enough money above 

and b e o n d  its debt obligations. This is due to the nature of the bankruptcy code that 

gives the debtholders first claim over the hm ' s  assets." 

Figure 2.1 summarizes who has a claim on the assets of the firrn under strict liability. 

The horizontal axis represents the possible values of x. In the next period, if x > B + L, 
the firm will pay L to the victims and the shareholders dl take the residual. If B < 

x < B -i- L, then the victims will receive x - B, while the shareholders get nothing. If 

x < B, the debtholders are paid as in the previous paragraph, while the victims and 

shareholders receive nothing. 

[INSERT FIGURE 2.1 HEM] 

We can sumrnarize the value of the equity, or the expected return to the shareholders 

" ~ h e  risk free rate plays no central role in this paper, and therefore, this is a reasonable simplification. 
' 7~I~ i i l e  tliis may not be true for ail cases, it is a good approlrimation for what happens in practice. 

Sec Delaney (1992). 1 address the issue of what happens if the creditors are not senior to the litigants 
in appendk B. 



under strict liability as 

The value of the firm under strict liability, vSL, is the sum of the value of debt and 

equity and is given, using (2.1) and (2.2), as follows: 

The victirns receive payoff O when no accident happens and -L when it does. If the 

accident happens, the victims Ml1 sue successfully and costlessly for the amount of their 

damages. They cannot take any care to avoid the accident nor can they influence the 

level of the damages. 

The social planner's payoff, the social welfare function, is the value of a h m  that 

issues debt minus the full expected damage minus the cost of care. Formally, this is 

The socially optimal level of care and debt can be derived from maximizing the social 

n-elfare function (2.4). The social welfare function is the with respect to B and a. Let a* 

be the socially optimal a. 

Under a negligence regime, the £km will only be liabie if the level of care is less than 

a*. So the value of the firm d l  be 



if a 3 a', and vSL otherwise. 

The payoff to the firm is either VSL if the regime is strict liability or VN if the regime 

is negligence. 

The social planner does not have any active strategy in this mode1 or the subsequent 

ones. She is only mentioned in order to specify the social welfare function. The only 

active player is the firm. There are a number of assumptions implicit in the setup. These 

are: 

1. There are injurer(s) and victims. 

2. The victims are different from the injurer(s). 

3. Litigation is costless and damages will be assessed accurately. 

4. The courts will set the negligence standard at the socially optimal level of care. 

5 .  There are no contractual agreements between the injurer(s) and the victims. 

6. Care by the injurer is the only method to avoid the accident. 

2.6 An Anaiysis of the Single Tortfeasor 

Tlie firm has to decide how much debt and care to pick. In the mode1 presented above, 

debt has an advantage and a cost. The advantage for the firm is that it allows the firm 

to escape from paying the tlctims in those situations where revenues are not enough to 

cover the liability from the accident. while still dowing debtholders to collect from the 

firm. The reader should note that we have ignored al1 the other potential advantages 

that debt offers such as tax benefits and the various advantages listed in the corporate 

finance literature.I8 The cost that debt imposes is the bankruptcy costs. The firm is 

penalized in the risk adjusted rate for these costs. However. since debt allows the firm to 

la ~ e e  Jensen and hIeckling(l976) and Harris and Raviv (1991) for such issues. 



partially escape the liability L? there is an implicit subsidy in the risk adjusted interest 

rate. The firm dl leverage until the marginal benefit from debt equals its marginal cost. 

See Figure 2.2. 

[INSERT FIGURE 2.2 HERE] 

-4s for care, there is also an advantage and a cost . The advantage is that care will 

lomer the probability of the accident. In a strict liability regime this is desirable, as this 

will reduce the expected liability that the firm will have to pay out. The cost is that the 

firm will have less money in the next period. Therefore, the firm will invest in care until 

its marginal benefit equals the marginal cost in the strict liability regime. 

In a negligence regime, the firm will escape the liability completely if it exerts the 

socially optimal level of care. Under a negligence regime, it will have to decide whether 

to invest in the socially optimal level of care or not. By investing in the socially optimal 

amount it avoids the entire Liability: but this costs the h m  c(a'). On the other hand, by 

investing in less than a*, it saves a bit on the cost, but non. faces a potential liability. If 

the net savings are greater than the cost of investing in a*, then the firm wiil follow the 

strict liability method of weighing the marginal costs with the marginal benefits of care. 

othemise it will invest in the socially optimal level a*. 

This discussion and the mode1 wiil now allow us to state the following propositions, 

for which the proofs are in appendix A. 

Proposition 1 Under the assumptions listed aboue, the socially optimal level of debt is 

zero, while the socially optimal level of care is a*. 

The socially optimal level of debt is zero because debt serves no purpose other than 

escaping fiability. The bankruptcy costs must be borne by the firm, and hence there is a 

cost with no advantage to debt. With debt equalling zero, the social welfare function is 

equal to 



and so the socially optimal level of care a* is derived by solving 

Proposition 2 Strict liability yields an  ine f ic ien t  leuel of debt and care. 

Since the firm can escape paying the liability some of the time by borrowing, the 

firrn has less of an incentive to invest in care. Care is costly and lowers cash available 

ne-xt period, while the firm does not have to bear the fuil consequences of its negligence. 

Kon-et-er. outlawing debt t i r -  not suffice. This is because the h m  will still face situations 

whcre its revenues are not sufficient to pay for the full liability. Again, the f k n  will not 

bear the full liability and will choose to invest in sub-optimal amounts of care. What is 

needed is either a legislated level of a*: or some sort of unlimited liability for the share- 

holders. \\%le unlimited liability would allow the full recovery from the shareholders, 

this is not the focus of this paper.lg Lender liability has also been proposed by Pitchford 

(1995) as a solution.20 

The firm is able through leverage to i d i c t  an externality upon the victims. It shifts 

n-ealth a w y  from them and to the creditors. Had the firm not leveraged at d l ,  the 

victims may have been able to recover some of their darnages. Now the firrn d l  be 

able to avoid paying even more by "giving i t  to the creditors. Furthermore, it takes 

inadequate care which infiicts even more harm upon the victims. 

Proposition 3 A negligence regime is superior to  strict liability in that it vil1 achieve 

the sociallg optimal leuel of care and debt in more situations than strict liability. 

The proof of this is straightforward. The firm can always choose to be negligent 

in  which case it will act like a firm operating under a strict liability regime. The firm, 

l g  ~ ~ d i m i t e d  Liability can be impractical. Personal bankruptcy couid be dedared by individual share- 
liolders if recovery n-as ever attempted. 

20A contra- resuit to aii of this was shom by Beard (1990), where he s h o d  that overcompliance 
could also result. If 1 had added cash on hand and allowed the cost of care to affect the cash flon- of the 
firm. then my mode1 couid acliieve such a result. However, it wodd complicate the rest of the analysis. 



therefore, can either be non-negligent and take optimal care or be negligent in which case 

it takes that level of care it would have taken under strict liability. Hence, a negligence 

regime does no worse than a strict liability regirne and it rnay do better. 

When the cost of investing in care is low compared to the potential liability, a firm 

will find it more profitable to invest in a* and avoid the liability completely under a 

negligence regime. Since the firm is no longer threatened by any liability, there is no 

need to borrow and issue debt. Only when care is very costly to invest in: ndl it choose 

to face the liability. 

The courts and legislatures alike have been trying various mechanisms that may entice 

firms to take optimal care. One such is punitive damages, which are a forrn of increased 

iiability, and are becoming quite popular in the courtrooms as a means for punishing 

negligent firms. In order to evaluate these legd mechanisms, we must investigate the 

impact of an increased liability upon the h ' s  care. This wiil help assess the issue of 

joint and several liability versus joint and non-several liability. 

The ries* proposition addresses the issue of what happens when the liability the firm 

faces increases. In the case where bankruptcy is not an option, the answer would be 

obvious: an increase in care. In the current situation, however, the firm also can use 

debt to avoid the liability. 

Proposition 4 Under a strict liability regirne, an  increase in L can lead ta  any one of 

the three following scenarios: 

( 2 )  An increase in debt and care. 

( i i )  An increase in debt and a decreuse in care. 

(zii) A decrease in debt and an  increase in care. 

The firm is picking between debt and care as a method of avoiding liability. Debt and 

care can either be ycomplements" or "substitutes" in avoiding the liability. When they 

are complernents, both care and debt rise in the face of increased liability. When they 

are substitutes, the cheapest is picked increasing one while decreasing the other. The 

only case that is not possible is a decrease in both care and debt. 



Consider (i). Although the fkm now faces an incentive to borrow more, it may not 

be able t.o borrow enough due to high bankruptcy costs. It now has to make up for the 

extra liability by investing in more care. If it had not borrowed? it would have invested 

in more care. But because of the extra leverage, it is now able to invest in a smaller 

increase in care. 

In (ii) an increase in L increases the incentive to borrow to avoid the liability even 

more than in case (i). This increase in leverage will lessen the amount of liability the 

firm faces. and will therefore lower the amount of care i t  invests in. 

Case (iii) is somewhat obvious. The h may decide to decrease debt, because now 

it is cheaper to minirnize exposure to the liability by taking care? and hence debt is tiot 

needed as much to avoid care. 

A numerical example will demonstrate proposition 4. Figure 2.3 shows a distribution 

of revenues for a h m .  The revenues are distributed over the [O, 11 interval. A firm that 

is operating under a strict liability regime will choose when facing a liability of L = 0.1, 

a level of care a = 3.16 and a debt of B = 0.0905." The low debt level should not 

surprise the reader as the revenues are concentrated in the upper tail which benefits the 

shareholders. In addition, the socially optimal level of care is a* = 3.68. As stated above, 

the firm does not take the socially optimal level of care. 

When L goes up to 0.12, care goes up to 3.46, while debt also goes up to 0.099. When 

the cost of care is more expensive, repeating the experiment yielded care going d o m  from 

0.216 to 0.238, while debt went up from 0.66 to 0 . 6 7 . ~ ~  Notice that the initial debt level 

is quite high now, as care is quite costly and hence the entire reliance is on debt. 

[INSERT FIGURE 2.3 HERE] 

Figure 2.4 shows another distribution, where revenues are concentrated in the lovver 

tail. This should imply higher debt Ievels. Using the specifications of the first case in the 

2 1 ~ n  addition, 1 am assuming that c(a) = 0.001a2, Q(B) = 0.002B2, and the distribution is a Beta 
(1.2) distribution. The probability of an accident p(a)  = l/a. 

' 2 c ( a )  = 0.1a2. 



previous paragraph, raising the liability from 0.1 to 0.12 raised care from 0.29 to 0.37, 

while debt fell from 0.95 to 0 . 9 4 . ~  Numerous simulations give similar results. 

[INSERT FIGURE 2.4 HERE] 

These exarnples illustrate the three possibilities when liability increases for the choice 

of debt and care. W l e  stating that negligence is no worse than a strict liability regime 

in ternis of the level of care it induces. not much else can be stated. To be more specific 

requires some parametrization of the general model presented. 1 will do this in the next 

section. This will d o w  the analysis to be refined and will set up the model for the case 

of joint tortfeasors. 

2.7 The Parametrized Mode1 

Having introduced a general model, 1 will now put some more structure on it. 1 codd 

have introduced the model from the beginning, but 1 wanted to convince the reader that 

this mode1 is faithful to the generai model qualitatively and preserves its main features. 

2.7.1 The model 

1 will introduce a model that is general enough to convey the general results, but that 

lias enough parametrization to give tractable solutions. The model is a special case of 

the general model introduced above. The specific assumptions about the model are as 

follows : 

1. The revenues x are distributed according to a unifonn distribution:g(x) = 1 : G ( x )  = 

2. The cost of care c(a)  = a. 

'3~l ie  distribution here is a Beta(2,d). 



The probability of the accident p(a )  = i0 0 < a 5 1. This is actually the kemel of 

the probability function. For simpiicity, 1 will deal with the kernel only. 

The costs of bankruptcy are fixed: Q(B) = Q. 

In order to generate tractable results and ensure the existence of solutions, 1 will 

assume that 1 - B - L < O. One way to ensure this is to assume that B, L < f. 

Denote the maximum that the £km can borrow as g< 4. 

The key feature of this model is that the bankruptcy costs are fied. This feature 

gives rise to corner solutions when solving for the optimal level of debt. The intuition is 

as follows. In the general model, the finn trades off a h e d  liability L against a varying 

cost of bankruptcy Q(B). M e n  the marginal expected cost of the bankruptcy equals 

the expected savings from avoiding the liability, then that is the amount of debt the firm 

will choose. When the cost of bankruptcy is fixed, however, the situation changes. The 

marginal cost of bankruptcy is zero, but there is a h e d  cost. Hence: the firm has to 

t rade off tm-O fixed amounts, L and Q. In this case, if the expected costs are less than the 

espected savings from avoiding the liability, the firm will borron- as auch as it can. This 

is because the creditors are charging a fixed penalty for their fixed expected bankruptcy 

cosh, while t.he h m s  is receiving an implicit premium from debt when it avoids paying 

another fked amount: the liability. The firms trades off two fked amounts and pic-ks 

an al1 or nothing debt in its capital structure. If the expected costs are less than the 

espected gains, then the fkms will choose no debt. 

The level of care is picked using the calculus developed in the general model. The 

firm trades off the marginal cost of care against the marginal benefit of care which is the 

reduced liability. Since debt could be ail or nothing, the firm is essentially limited to two 

choices in the level of care: a high level of care when debt is zero or a low level of care 

when debt is huge. 

1 would like to convince the reader that qualitatively, the results are not different 

from the general rnodel. In general, a firm eitber has a low level of debt equity ratio 

33 



or a high level, as the thïee numerical examples in the previous section showed. Hence, 

saying the firm borrows alI or nothing can be taken as a "metaphor" for high or Iow debt 

equity ratios. The advantage of this mode1 is that it makes i t  easier to solve and anaiyze 

the joint liabiliw issues in the next section. 

2.7.2 Analysis 

In this section 1 nill give some results concerning the behavior of the firm and the effi- 

ciency of the various regimes. The results will be conditional on two exogenous variables 

L and Q. 

The social welfare function, in general, is given by (2.6): which in the context of this 

This implies that the socially optimal level of care is a* = a. 
The value of the firrn as s h o w  in (2.3) when facing a strict liability regime will be 

The value of the firm is linear with respect to B, as the first order condition for a firm 

rnasimizing VSL with respect to B is 

which is independent of B. The first order conditions is the expected liability minus the 

bankruptcy costs. If (2.8)< 0, then B = O .  If (2.8)> 0, then B =B, which the maximum 

that the firm can borrow. 

The first order condition for maximizing vSL with respect to a is 



Setting equal to zero and solving for a yields 

Substitut ing back into (2.7) yields 

The firm can either borrow B = O or B =B . Hence, we do not need to evaluate the 

first order condition for B. Rather, we can cary out the foliowing exercise. The firm 

compares vE with Vo' where VI is vSL evaluated at B =fi and V o  is VSL evaluated a t  

B = O. Hence, if 

Similarly if 

Define Ls as the value of L that solves 

This allows us to state the following proposition for which the proof and the proofs for 

al1 propositions in this section are in Appendix C. 

Proposition 5 Under a strict liability regime, when L < Ls the finn will choose a zero 

leverage and hzgh cure leuel, and when L > LS the finn will pick fidl leverage urith a low 



leuel of care. 

IVhen L < LS it is not worth incurring the bankruptcy costs Q since the benefit 

from escaping the liability is not large enough. It is better to have no leverage and 

pay the small amount of liability in case the accident happens. The firm will take care 

aSLO = JL (1 - $) < which is the socially optimal level of care. So even when debt 

is zero: the firm takes an inadequate amount of care, since there always a probability 

that the firm will not be able to pay. When the firm hlly leverages, the level of care will 

be osLË = JL (1- B -$) < aSLO = J-. < a* = fi. The firrn no- does not 

have to take as much care. 

Proposition 6 Under a strict liability regime, when L < Ls the leuel of care aSLO is 

increasing in L. When L > Ls , the level of care aSLB while less than aSLO is a k o  

increasing i n  L. 

The firm will increase its care when it has no leverage until it reaches a point where 

it is no longer morth taking a high level of care. It then takes a one time drop in care, 

but increases as L i n ~ r e a s e s . ~ ~  

If the regime &*as negligence, then the firm has to take adequate care which is a* = a. 
The  value of the firm if i t  takes a level of care equal to a* is 

If it diooses to be negligent, then the value of the firm is equal to vSL. 
The firm has to decide whether to be negligent and face the NI liability or be non- 

ncgligent and only the pay the cost of the socially optimal level of care. To do this, the 

firm bas d l  compare the value of the firm VN with the value of the firm VSL E {VO, vE). 
As the next proposition shows, the firm only has to compare vN with vE. 

'J\.;hen the firm f d y  let-esages, the level of care could increase and then decrease, shce sign - 
da>-'-" 

d4 =sign (1- fi -L) which could be less than zero if 1 had not imposed the constraint in the 
b'asic czssurriptions of the model. This would have validateci two of the predictions from proposition 4. 



Proposition 7 If the frrm chooses to be negligent, then it vil1 choose to filly leverage. 

The proof is in appendk C. Intuitively, when the h does borrow, it is facing a 

liability L but has no method of escaping it except that it may not be able to pay the 

entire amount. It is cheaper to be non-negligent. If the firm wanted to be negligent: 

it might as well fuily leverage and escape the liability as much as possible. I t  will be 

incurring the bankruptcy costs. 

The firrn will choose to M y  leverage and be negligent if vB - vN > O which implies 

t hat 

Fiorn tliiï iast condition. we can define Lc where f i  (1 - 2/-) = Q E( - 

Proposition 8 When L < Lc, the firm will choose to be non-neglzgent and when L > Lc 

the firm will be neglzgent choosing full leverage and a Zow level of care. 

-4s L increases so does the cost of the optimal level of care a. Hence, the firm will 

remain non-negligent as long as the cost of avoiding the liability is not too high. When 

the  liability is too high, it becomes worth incurring the expected bankruptcy costs and 

fully leveraging in order to avoid the liability. It now takes a s m d  amount of care and 

fully leverages. 
- 

The final point is to compare LS with LC. We know that vN > Vo and that VN = V B  

at L = Lc. \Vhen L = Lcl 

This implies that Lc > Ls. Figure 2.5 shows the various ranges of L and the levels of care 

that  the firm takes under the various regimes. 



[Insert Figure 2.5 here] 

Under strict liability when L < Ls, the h m  takes a high level of care and has no 

debt. Wlen L > Ls, the h m  switches to high leverage and lowers its level of care. 

Notice that the care levei increases as the liability does wîthin the two zones, but the 

overall level when L > Ls is lower than when L < Ls. Under a negligence regime, the 

firm takes the optimal level of care and has no debt as long as  L < LC, but then switches 

to high leverage and low level of care corresponding to the same level of care under strict 

liability with high leverage. We can see? therefore, that negligence does no worse than 

strict liability in terms of what level of care it induces the firm to take. Figure 2.6 shows 

the leverage decision for the firm over the range of possible L and for the various regimes. 

[Insert Figure 2.6 here] 

The firm has no debt when L < Ls under the strict Iiability regime, but then switches 

t,o M l  leverage as L increases. When L < Lc the finn has zero leverage when the regime 

is negligence and fully leverages othenvise. Figure 2.5 is a graphic representation of 

proposition 3. 

Proposi t ion 9 When L < Lc, negligence dominates strict liability in terms of the leuel 

of care that the Jirn takes: while for L > Lc, it does no worse. 

The results presented serve two purposes. They bolster the claims of the general 

model. They also d o w  the evduation of the different regimes conditional on exogenous 

parameters such L and Q. This is an improvement over the models in Shaveil (1986) 

and Kornhauser and Revesz (1990) since they conditioned their results on an exogenous 

solvency. As the models have shown, solvency is endogenous through the use of the 

capital structure and hence the results take the analysis one step fùrther. 



2.8 An Analysis of Multiple Torts 

In the case of multiple torts, the accident cannot be attributed to one specific firm. 

Hence, the courts apportion the damages among the various finns. 1 shall assume that 

there are two identical h n s .  A generd discussion dl be presented below followed by 

the  parametrized model which Rrill aUow a more definitive analysis. 

As stated, in the case of joint tortfeasors, the courts Ml1 apportion the damages 

among the various parties. This apportionment c m  be done in four different ways: 

1. The h s t  is through a joint and several liabiiity regime. Under this regime, the firms 

are al1 liable for the damage, with any firm expected to pay the entire damage. The 

first firm is expected to pay half the damage plus aay amount that the second firm 

cannot pay due to insolvency. 

2. The second is a joint and several negligence regime. Any negligent firm will have 

to pay the entire damage, or a portion of the damage if the other is &O negligent. 

If the other h m  cannot pay, or does not have to pay because it was non-negligent, 

then the first firm dl have to pay the entire portion. 

3. The third regime is joint and non-several liability. Each finn bas to pay u p  to half 

the damage, regardless of the other's ability to pay. 

4. The fourth is joint and non-several negligence, where the negligent firm only has 

to pay iip to half the damage. 

1 will introduce the model in a general format and then put some structure on it. 

2.8.1 The Players and Their Payoffs 

There are victims , a social planner and two firms. The victims' payoff is O if no accident 

occurs and -L  if it does. 



There are two identical firms whose revenues XI and 2 2  arc distributed according to a 

distribution density g ( x )  and cumulative G(x)  . The accident will occur wit h probability 

p(al.  a?) ,  where ai, and a2 are the care levels exerted by £km one and two respectively. 

This is the key difference between the payoffs for the two firms and the payoff for the 

single firm in the single tortfeasor case. The probability of the accident is a function of 

both firms' care. Let Bi and B2 denote the debt Ieveis of firm one and two respectively. 

Let L represents the damage caused by the accident, denote the liability tbat each 

firm lias to pay by A. If the regirne is joint and non-several liability, then 

Under the joint and several liability regime firm 1 faces f plus any amount that firm 2 

cannot pay. Now, firm two will not be able to pay its share of the liability when revenues 

are below its debt, B2. This will happen with probability G(B2) .  Firm 2 will be able to 

make partial payments when B2 < x2 < B2 + L. Hence, firm 1 will face a liability of 

Note that in (2.10), the liability AJsL is higher than that of the joint and non-several 

case L/2. 

The social welfare function is given by 

The socially optimal level of care for £km one and two are derived from the first order 

conditions 



c'(a2) = - Wh. ad  L. 
da:! 

These two imply a socidy optimal level of care for both 

The payoff to firm one depends on the legal regime in place: 

1. When the regime is joint and non-several liability, the payoff to h m  one is 

2. Under joint and non-several negligence, the payoff to firm one is 

if al 3 a;? and (2.12) otherwise. Recall from proposition 3 that when the firm is 

non-negligent it chooses zero leverage. 

3. When the regime is joint and several liability, the payoff to firm one is 



4. Under a joint and several negligence regime, the value of the hm is 

if a l  2 a;, and (2.13) otherwise. 

The payoffs to firm two are similar to firm one's payoffs. 

2.8.2 The S trategies and Equilibrium 

Each firm will want to maximize their payoff, whichever it is depending on what the 

legal regime is. They will maximize their payoff by choosing an appropriate level of 

debt and care. Hence the set {(al, BI). (a2, B2)} represents the possible strategies in this 

game. Given that the firms are maximizing their payofk jointly, the equilibrium niill be 

a Nash cquilibrium. 1 will discuss the nature of these in the next section, where 1 will 

re-introduce the pararnetrized model. 

Before proceeding, the reader should note that there are two externalities at play here. 

The first is that the tnro firms impose on the victims, much like the case of the single 

tortfeasor. By leveraging and taking less than adequate care, the two firms impose a 

higher probability of damages upon the victims and furthermore they reduce the amount 

of the liability that the victims can recover. The second extemality is between the firms 

themselves. Each firm by leveraging and lowering its care can shift some of the 1iabiLity 

orito the other firrn? especially in the joint and several Iiability case. 

2.9 The Parametrized Model: The Joint Liability Case 

In this section, 1 will analyze the behavior of each firm under the various regimes. After 

that 1 mil1 rank the regimes according to which regimes induces the firms to take the 

optimal amount of care. 



2.9.1 The Mode1 

The model retains ail the features and assumptions of the single tortfeasor model. The 

only difference is that the probability of the accident p(al, a?) = &-, where O < al ,  a2 < 

1. 

The firms will face a liabdity depending on the regirne they operate in. Under a joint 

and non-several liability regime each firm will be expected to pay 5. Under a joint and 

several liability regime the liability as in (2.10) will be A = $ (1 + B2 + L)  . In the next 

sobsections, 1 d l  aoalyze the firms' behavior under the various regimes. 

The social weifare function give by (2.11) is 

which implies that the socially optimal Ievels of care are 

Given the symmetry of the firms, the equilibrium strategies of debt will be either 

{ BI = O. B2 = O} or {Bi =6i, B2 = B } .  The equilibrium strategies of care will also be 

tliosc values of care that correspond to a zero leverage or fidl leverage. 

2.9.2 Joint and non-Several Liability and Negligence 

1 will focus on firm 1 and infer the behavior of firm 2 by symmetry. The value of firm 1 

in a joint and non-several liability regime according to (2.12) is 

The firm will want to maximize VJL with respect to Bi and ai. Again, with respect to 

B1 the firm compares vJL0, which is vJL evaluated at B1 = O, with V J L ~ ,  which is vJL 



evaluated a t  BI =B . Maximizing with respect to al yields 

The firm will exercise a level of care that is inverse to the level of care that the other 

firm takes. If the other h m  is taking a high level of care, then the probability of the 

accident, and hence the expected liability, wili be low which means that firm 1 cari lower 

its level of care. Meanwhile if firm 2 is taking a very low level of care, then firm 1 has to 

compensate by raising its level of care. The relationship between al and a:! in (2.14) is 

firm 1's reaction function as a response to firm 2's care. Fortunately due to s - m e t r y ,  

in equilibrium we can impose al = a*. This allows us to solve for al 

Thus the value of the firm in equilibrium is 

Non- we can compare vJLO with vJLa- TO 

~ L B  - V J L O  

do so, the firm evaluates 

Define LSIL as the d u e  that solves 

This allows the statement of the following proposition. 

Proposition 10 Under a joint and non-several liability regime, 

from (2.14): 

= o. 

the firns vil1 have zero 



leverage with a hzgh Zeuel of care when L < L'J,. Conuersely, the f;m will choose full 

leuerage and low care when L > LJL. 

This is similar to proposition 5 for the single tortfeasor. Wben the regime is joint and 

non-several negligence, the firm will decide between being non-negligent and one of the 

tn-O choices under joint and non-several liability. 

Proposition 11 Under a joint and non-several negligence regime, if the firm is negligent 

it  will fully leverage. 

The proof is similar to that in the single firm case. 

The firm will choose either to be non-negiigent or it d l  choose the full leverage-low 

care choice that it picks when the regime is joint and non-several liability. Finally, we 

can define LJL as the value of L that solves 

Again, as shown above, the following results follows. 

Proposition 12 Under a joint and non-several negligence regime the Jinn will choose 

to be non-negligent for L < L;L and the finn will be negligent choosing full leverage and 

low care otherwise. 

Finally, Lsl, < LJ, which leads to the next proposition. 

Proposition 13 Joint and non-seueral negligence is n o  worse a regime than joint and 

non-several liability. 

IVhile the preceding sub-section may have been terse, it was to allow me to introduce 

the nest sub-section where 1 will discuss the case of joint and several liability. 1 will 

discuss the implications of the two regimes in a discussion that follows. 



2.9.3 Joint and Several Liability and Negligence 

In the previous sub-section, each firm only owed, at  b a t ,  haif the arnount of the liability. 

Here the firms, may owe up to the full amount. In expectation, they can expect to pay 

h (1 + B2 + L) . The value of the firm under a joint and several liability regime as in 

(2.13) is 

Using similar arguments above, the level of care is 

and the value of the firm is 

Again. for a Nash equilibriurn, we need the firm, if it decides to h l ly  leverage, to prefer the 
- - 

wltxc of the firm when Bi = and B2 = B to the vaiue of the firm when Bi = B2 = B. 

Define L;,, as the value that solves 

In addition. define L;,, as the value of L that solves 

Finally. LJ, < L;, which leads to the next set of propositions. 



Proposi t ion  14 Under a joint and several liability regirne, the firms will have zero lever- 

age with a high level of care when L < Lk,. Conuersely, the f i m s  vil1 choose full leverage 

and low care when L > LSJsL- 

Proposi t ion  15 Under a joint and several negligence regime, if the fim is negligent it 

will fully leverage. 

Proposi t ion  16 Under a joint and non-several negligence regime the fim vil1 choose to 

be non-negligent for L < LcJsL and the firm ui l l  be negligent choosing full leverage and 

low care otherwise. 

Proposi t ion  17 Joint and non-several neglzgence is no worse a regime than joint and 

non-seueral liability. 

The more important question is to compare the joint and non-several liability and 

negiigence regimes with their joint and severd counterparts. This will allow the deter- 

mination of which regime to adopt. The reader should intuit that a negligence regime 

will be the superior one, however, which one is the question. Negligence will do no worse 

than strict liability, but the question is when the firm decides to be negligent what is the 

level of care? This will be the topic of the next sub-section. 

2.9.4 A Ranking of the Four Regimes According to the Level 

of Care 

Ur-liat figiirc 2.5 showed was that as long as leverage was held constant, an increase in 

the liability led to a higher level of care under strict liability. The issue was that a t  some 

point the liability was too high and the firm decided to fully leverage and there d l  be 

a dramatic drop in care. As liability increases above that level, the firm will increase 

its care once again, but not to the pre-zero leverage levels. The case of the negligence 

regime is sirnilar. The firm is non-negiigent until the high liability induces it to switch 

to a high leverage, low and negligent level of care. 



The situation wheo comparing the four joint regimes is analogous. The firms will 

also choose to be non-negiigent up to some level of liabilim and then they choose to 

become negligent. Hence, there are two issues to be addressed. The first is which regime 

is the first to induce the finns to switch from being non-negligent to negligent? The 

second is when the finns have decided to become non-oegligent which Liability regime 

prodiices better levels of care even after they have decided to be negligent? To answer 

these questions. we need to compare L;,, with L;, and a f L  with afSL. 

Recall that L;, is the value of L that solved 

while L.",s, solved 

Sribstituting L'J, into (2.15) yields 

(2.16) 

Let L' be the L that solves 

It is clear that if L;L > L*, (2.16) will be positive implying that the firm will prefer to 



be negligent under a joint and several negligence regime when L = L;,. If L;, < L*, 

(2.16) will be negative which means the firm will be non-negligent. 

The level of care can be deterrnined as follows. When L < L;L both regimes will see 

the firms taking optimal levels of care, since they both prefer to be non-negligent. U%en 

L > L;,, then it depends on whether L;, < La. If this holds, then the firm prefers to 

be non-negligent at L > LC,, under a joint and several negligence regime while it chooses 

negligence under the joint 

firm is negligent under the 

and non-several negligence regime. Furt hermore, when the 

joint and several negligence regirne, its level of care is 

while under a joint and non-several regime it is 

It  can be shown that aJSL > a J L  for the same level of debt. Hence. whenever the firrn 

is negligent. it is preferred that the regime be a joint and several regime. The following 

proposition follows from the discussion above. 

Proposition 18 When LCJL < L*, then joint and seueral negligence is a superior regime 

with respect to  the leuel of care. 

The joint and several negligence regime induces the optimal level of care for any 

L < L;,,. For values of L > L L s ,  t.he firm, negligent as it may be, will still take a level 

of care higher than it would have taken had the regime been joint and non-several. This 

can be seen in Figure 2.7. 

[Insert Figure 2.7 here] 

The interesting case is when L;, > L*. In that case, the firm is non-negiigent for a 

larger range of L under a joint and non-several negligence regime. The firm will choose 



to be negligent under the joint and several negligence regime when L > L',sL, but as 

figure 2.7 shows, LJ,, < LJL. The thing to note, though, is that for L E (L;,,, L;,), 

the firm is exercising less than optimal care under joint and several negligence and less 

than the care exercised under joint and non-several negligence. For values of L > L;L, 

hon-ever, the firm exercises more care in the joint and several negligence than the joint 

and non-several negligence regime. This is because the firm is fully leveraged in both 

situations and is negligent. Due to  the higher liability: however, that it expects to pay 

under the joint and several regime, the 6rm will exercise a higher ievel of care than if it 

only owed h a  the liability. 

Proposition 19 When L", > L*, then the following holdç 

( i )  When  L < L;s,, the Jim is non-negligent under both regimes. 

(ii) Joint and non-seueral negligence is superior regime with respect to leuel of care that 

the finn takes when L E (L;,,, L;,). 

(iii) Joint and several negligence is the superior regirne with respect to leuel of care that 

the firm takes when L > L;L. 

Figure 2.8 shows this proposition. For low levels of the liability both negligence 

regimes will yield the socially optimal outcorne. For higher levels of the liability, joint 

and several negligence is superior since it induces a higher level of care even though the 

firm is negligent. In the rniddle range of liability, the joint and non-several negligence 

regime is better. This is because the liability is low enough that the firms prefer to take 

the optinial care. The expected bankruptcy costs are higher than the liabiiity avoided, 

as it is still relatively low. When the liability rises, the firms switch to being negligent. 

Since they are only paying up to half the liability each, they prefer to take much less care 

than if they were potentially liable for the entire amount. Hence, the joint and several 

1iabiIity regime is superior for the high values of L but joint and non-several negligence 

is superior for intermediate values. 



2.9.5 Discussion 

The previous section has ranked the various legal regimes according to the level of care 

they induce. The rankings were conditional on exogenous variables such as L and Q. 

This is sixnilar to Kornhauser and Revesz's (1990) rankings: but where they conditioned 

on the solvency of the firm. The main lesson is that negligence, be it joint and several 

or joint and non-several always dominates strict liability. This is consistent with Landes' 

(1990) comment. Two extensions to this model could be made. 

The first is that the socially optimal level of care was d e h e à  independently of the 

each other's level of care. In other words, if firm two was negligent, f?rm one would stdl 

be required to take care equal to a. Note that if fkn two were highly leveraged and 

taking ver); low care, would a court not require h one to take extra care above fi? 
Landes (1990) contends that this is the case. If this were tme, then one could define the 

socially optimal level of care for firm one conditional on firm tR;07s care level. In this 

case. the socially optimal level of care for firm one would be ,/&. As firm two's care 

decreases, the level of care required from firm one would increase. This complicates the 

model further and requires some more analysis. 

Another extension is to allow 1 - B - L < This would allow the level of care for 

the fiilly le\-eraged firm to increase for some level of L and then start decreasing. The 

result n7oiild be that the clarity with which 1 ranked the various regimes would disappear. 

-4gain t his requires more analysis. 

1 do beliek-e2 though, that the results presented are general enough to give some insight 

into the issues- Negligence is stili shown to dominate strict liability. Joint and several 

negligence seems to be the better regime for most of the values of L, but with some 

esceptions. 1 suspect that if the extensions were solved, the results would be no different 

qiialitatively. 

-- 

2 5 B ~ t  sot 1 - B - f < O. 



2.10 Summary and Conclusions 

This study takes the literature on torts and bankmptcy one step further. The previous 

papers on the subject had treated the solvency of a h as exogenous and then condi- 

tioned the efficiency of the various legal regimes on the level of solvency. In this paper, 

the only exogenous factors are the level of liability and the bankruptcy costs. The paper 

can rank the various legal regimes conditional only on these two exogenous factors. Sol- 

vency is now endogenized. This is done by modelling the capital structure of the firm as 

well the level of care. 

The chapter gives a brief background on the law of torts, fotlowed by a brief look 

at the bankruptcy code. When a firm causes harm to victims this does not mean that 

the victims will be able to receive compensation. This is because the £hm can declare 

bankruptcy and avoid paying the litigants. One way to increase the successful avoidance 

of payouts to the litigants is through the use of debt in the capital structure. Firms that 

rnay face litigation have an incentive to add debt to their capital structure above and 

beyond what the normal dictates of finance would cal1 for. Because of this, the finn will 

never take the socially optimal level of care under a strict liability regime. 

The paper introduces a parametrized mode1 that makes more concrete statements 

possible. Under a strict liability regime, the firm will choose to have no debt and take 

a high level of care for certain levels of the liability. As the liability increases, the firm 

will choose to fuily leverage and lower its care. A negligence regime will see the firrn 

taking optimal care for more values of the Iiability before it eventually fully leverages 

and bccomes negligent by taking low care. 

For a single tortfeasor, the paper showed that negligence is a superior regime to strict 

1iabiIity. A firm is more likely to take the socially optimal level of care under negligence. 

As long as the  cost of taking the socidly optimal level of care is low, the firm will remain 

non-negligent. Even when it decides to be negligent, it will take that level of care as 

when the regime was strict liability. Hence, the firm never does any worse in a negligence 

regime than strict liability. 



When the subject is joint torts the rankings are not as simple. The negligence stan- 

dards are shom to be superior to their strict liabiiity counterparts. Under a joint and 

several negligence regime, the firms will take optimal levels of care while not borrowing 

for some values of liability until the liability becomes too hîgh. At that stage, the firms 

decide to fully leverage and take less care. Joint and non-several negligence will induce 

similar behavior. At what level of liability each negligence regirne induces the switch from 

non-negligence to negligence varies depends on among other things the bankruptcy costs. 

It may be that joint and several negligence dominates joint and non-several negligence 

for al1 levels of liabiiity. On the other hand, there may be some ranges of liability where 

the converse is true. 

The advantage of the paper is that provides the reader with rankings that are condi- 

tioned on the range of possible damages. It moves away from conditioning the results on 

the solvency of the firm and towards conditioning on other exogenous variables. 

The main caveat to this paper is that it does not take activity levels into account. 

'rlany of the results may change if that were to happen. To do that, though, the revenues 

of the firm would have to affect the liability and hence would have to be endogenous. 

This is work for future research. 

The final note is that this paper can give us some insight into why some states have 

abolished joint and several torts. While Landes and Posner (1987) contend that this is 

because these states do not value efficiency as much as states that did not abolish joint 

and several liability, there may be other reasons. These states could be ones where finns 

were choosing l e s  care and more leverage as a means to escape the increasing liabilities 

that the firms were facing. It must be said, though! that the paper did 6nd that for 

most ranges of the liability, joint and several negligence was the superior regime. My 

conjecture is that as states moved in general from a negligence regime to a strict liability 

regirne regardless of the number of tortfeasors, they encountered problems with the joint 

and several liability regimes that allow for sub-optimal care. Instead of reverting to a 

negligence standard they abolished joint and several liability to minimize the impact. 



Chapter 3 

A Positive Theory of Regulatory 

Finance 

3.1 Introduction 

This chap ter brings together two seerningly unrelated topics: regulation and capital 

structure. but which are fundamentally linked. The choice of regulation affects the capital 

structure and vice versa. A reguiator who cares more about the profits of the regulated 

firm will exhibit a different price dowed and a different capital structure than a regulator 

who cares more about the welfare of the consumers. Hence, by observing the combination 

of prices and capital structure that regulated firms have, we can infer the type of regulator 

in that environment. The type of regulator will allows us to predict various events such 

as the Pace of deregulation. 

The subject of regulation has long b e n  studied, as has the topic of capital structure, 

but relatively little has b e n  written on the capital structure of regulated firms. Most 

of what has been written is normative as is the case for most of the topics in regulatory 

finance, in that it prescribes what should be the capital structure for a regulated firm as 

opposed to describing how the capital structure is determined. 

The capital structure of a regulated fi= is a8ècted by conditions that non-regulated 



firms are exposed to in addition to the decisions made by regulators, such as the allowed 

rate of return and the capital structure itself. The chapter will contribute on two fronts. 

The first is to provide a positive theory of capital structure for regulated utilities.' The 

second is to show how the factors affecting the regulated firms and their capital structure 

c m  be used to predict the Pace of deregdation that has been sweeping the various 

industries. The electricity industry in the U.S. will be the focus of the study when 

discussing examples or empirical evidence. 

A brief introduction to the topic of regulation in general and regulatory h a n c e  in 

particular Ml1 be presented. A model of how the prices and capital structure are set will 

be established. Regulation will be modelled as the outcome of a regulator who places 

some weight on consurners' welfare and some weight on producers' welfare. The price 

and debt equity ratio will be shown to be increasing with the weight the regulator places 

on firms' profits. The observed prices and capital structures of the various electricity 

utilities will be used to infer these weights. Finally these weights will be used to predict 

the choice of regulations in a state and whether the state will deregdate or not. 

The outline of the paper is as follows: The next section will introduce the reader to 

the basics of regulation in general, and regulatory finance in particular. Section three 

n-il1 conduct a brief literature survey. Section four will discuss the model that will be 

iised in section five to carry out t,he various estimations. The chapter will then conclude. 

3.2 The Basics of Regulation 

Economic regplation is ans restriction on the econornic activity of firms imposed by 

the gowxnrnent.2 These restrictions can be imposed on the prices charged, quantities 

provided or any other activities such as quality, entry or exit. In the US., the various 

'By positive, 1 mean to distinguish it from the numerous normative studies that have proposed 
mcthods by n-hich regulators should determine the aliowed rates of retum for a particular firm and what 
capital structure should result fiom these decisions. See Gordon (I974), Phillips (1988) and Thompson 
(1991). 

2See Viscucci et al. (1997: p. 307). 



levels of government have been allowed to engage in such regulations through a series of 

court de ci si on^.^ 

Empowered by these court decisions, a wave of legislative activity at the state and 

federal level ensued. In the 1907-1930 penod, most of the states created public utility 

commissions to regulate various indus tries such as electricity, water , gas, telecommunica- 

tions and tran~portat ion.~ The federal government regulated many industries that oper- 

ated across different states. This continued until the 1970s, when a wave of deregulation 

began. Transportation such as airlines and trucking, natural gas, telecommunications 

and various other industries were deregulated. The latest industry to undergo major 

restructuring, if not outright deregulation, is electricity which is the focus of this paper.5 

Regulation goes through three stages: legislation, implementation and then deregulatiom6 

The legislative stage sees the setting up of an agency, usually cailed a public utility com- 

mission (PUC), that will carry out the regulations, set out the agency's mandate and 

empower it to take the necessary actions required to achieve the mandate spelled out in 

the legislat ion. These PUCs' characteristics vary by state. The commissioners of these 

PUCs can be elected by the public, as in Alabama, appointed by the governor directly, 

as in Nevada. or appointed subject to approval by the state senate.' 

The PUC will regdate, among other things, the price that the firms under its ju- 

risdiction are allowed to charge the consumers. This price is meant to be both fair to 

the consumers and the firm. Before proceeding to discuss the nature of these regulated 

prices, a brief discussion of what prompts the existence of regulation in the first place is 

needed. To do this, we need to discuss the nature of cornpetition in the market. 

One of the concerns regulators have with the structure of the market is the presence 

3Munn v. nlinois (1877) established that a state could regulate monopolies. Nebbia v. New York 
(1934) gaye states the authority to regulate any industry as Iong as there %-as a public interest to be 
sen-ed by regdation. Viscucci et al. (1997; pp. 311-12) and Phiiiips (1988; pp. 75-116) give more 
details. 

'Viscucci et al. (1997; p. 314 & p. 324) and PhiUips (1988; pp. 121-147). 
'Fos-~enner (1996) is a good source for this issue. 
'Viscucci et al. (1997; pp. 317-22). 
'Pliillips (1988; pp. 126-27). Other aspects include the term of office and the size of the staff. 



of monopolies, and more importantly natural monopolies. -Monopolies have been treated 

either through anti-trust or regdatory legislation. A monopoly is considered socially 

undesirable since it allows the firm to charge a price above marginal cost which creates a 

dead meight loss. Monopolies, in general however, should not be a concern, since as long 

as there is free entry, cornpetition wiU eliminate such social imperfections. It is when 

only one firm c m  be sustained in the market, otherwise known as a natural monopoly, 

that there is reason fur alarm. An industry is characterized as being a natural monopoly 

when the production of a particular good or senice by a single firm minimizes c o s t ~ . ~  

The market is only big enough for one £irm. Declining marginal costs or declining long 

run average costs may be one of the factors Ieading to this. If the industry requires huge 

fked costs to serve any level of output, then only one 6rm might be profitable in such 

a market. In the electricity industry for example, this was true in the past. Electricity 

plants required massive investments in plant and equipment and hence, in order to recoup 

the costs a fkm would want to charge prices above marginal cost, usually fuel, which was 

quite low compared to the fixed costs. The average electric utility today has $2.7 billion 

wort h of capital invested, which is not a small amount .g 

Natural monopolies are problematic for both consumers and firms. Consumers are 

ill-served because once the firm has monopolized the market, it wiil no longer charge a 

price ecpal to the marginal cost associated with the cost minimizing output. Rather, it 

will charge a price above marginal cost and produce less than the socially optimal output. 

For firms, the problem is one of deciding who serves the market? Suppose initially there 

are tnzo firms in the market. If one expands the output to take advantage of the deciining 

costs, it mil1 be able to undercut its cornpetitor, drive it out of business and serve the 

whole market. There exists an integer problem. Only one can be in the market a t  one 

time and there is no room for mutual existence. This may cause concern for an existing 

firm that has a monopoly in the market, as another firm might be able to take advantage 

- - - - - - - -- 

'Viscucci (1995, p. 351). 
'Sec Table 3.1 n-bich di be introduced later. 



of a newer technology and drive the incumbent out. Hence, both consumers and £irms 

may cal1 for regulation. The consumers want low prices and the firms want the assurance 

that no entrant will take away their market after they had invested in the large start-up 

costs. This discussion can help answer the question: why does regulation exist? 

There are various theories explaining the existence of regulation. The first states that 

regulation e.xists to serve the consumers who can be harrned by the presence of natural 

monopolies. This theory is difficult to defend in light of the fact that many industries 

that are highly competitive are also regulated, such as the taxi industry in most c i t i e~ . ' ~  

Another theory is known as the capture theory. This states that regulation benefits the 

firms regulated. Firms would like a stable environment and lobby the governrnent to grant 

them a monopoly and guarantee them revenues through regulated prices. Proponents 

of this theory point to the fact that it was the hms  that called for regulation, and 

that the prices allowed did not change once regulation took place." Nonetheless, this 

theory is also hard to defend. Many regulations are clearly not endorsed by the firms. 

Furthermore, this theory does not explain why we see deregulation. 

An economic approach to explaining regulation was proposed by Stigler (1971) and 

formalized by Peltzman (1976). The regulated price is the result of a regulator satisfying 

both consumers and producers, but not necessarily to the same degree. A regulator wiU 

have a utility function that is increasing in the profits allowed to the firm and decreasing 

iri the price charged to the consumer. The regulator will have sorne weighting in mind 

between these two parties. -4 regulator that is more favorable to consumers will lower the 

price allowed to the film, while the one who favors the h m s  will award a higher price. At 

regdatory hearings we see both lobbyists for the firm and consumers appearing trying to 

argue for higher prices for the firm or lower prices to the consurner~.'~ Since the regulator 

will try to keep both parties satisfied, it %dl neither set the price at  the competitive level 

1°See Visuccui et al. (1997; p. 326). Other industries such as plumbing, electricians, and hairstyling 
can Iiardy be characterized as monopolistic. 
" Stigler and Friedland (1972). 
"Xote (1981) and Vietor (1989; pp. 104-17.1). 



nor a t  the monopoly level. Different regdators will have varying preferences conceming 

which party they favor, which is why some investment banking research firms: such as 

Duff and Phelps, wiil characterize regdators as being harsh to firrns while others will be 

classified as favorable. 

It should be noted that there are three classes of customers: residential, cornmercial 

and industrial. While residential customers may vent their anger a t  high prices by not 

re-elect ing the polit icians who appointed the commissioners, they are usudy  a dispersed 

group who may not exert as much power. It is the industrial customers, however, who 

may esert some power over the commissions. Threats of relocation in addition to usual 

regulatory lobbying are just two ways that these customers can exert some influence over 

the rates allowed. 

3.2.1 The Process of Regulation: Costs and Regulatory Finance 

The price allowed to a regulated firm, ideally, is supposed to reflect the marginal cost plus 

some portion of the fixed cost that is meant to reflect a fair rate of return on the invest- 

ment. This will keep consumer welfare as high as possible with the constraint that the 

firm's shareholders are âdequately compensated. A fair rate of return is meant to allow 

shareholders to receive what they would have received in an altemate but comparable 

endeavour . 

The rewlator will usually set a test period where they will observe the demand for 

electricity and the costs associated with the 6rm.13 The regulator will then allow the 

firrn to charge a price so that 

where p is the price allowed, Q is the quantity of units sold, C is the total marginal 

costs of the firm, r is the fair rate of retum and B is the rate base of the firm. From 

this equation, it is clear that there are three variables that need to be determined by the 



regulator: the costs, the rate base and the rate of return. 

Operating costs comprise a large component of the total revenues of the firms, as on 

average they account for 75% of the total revenues1* These costs wiU include expendi- 

tures on fuel, wages, depreciation, taxes, operations and maintenance. The regulator will 

supervise these costs to make sure they are reasonable. The commission may disallow 

a particular component of the costs when calculating the prices aiIowed or prohibit the 

expenditure outright if it is deemed as an imprudent expenditure.15 For example, it may 

reject excessive salaries to management. The courts have allowed the commissions to 

engage in such supervision of costs. l6 

Depreciation affects the costs and the rate base. On one hand, the depreciation is 

recouped in the cost column, but it also reduces the value of the rate base. Tt also 

affects the taxes. Some regulators will allow the £hm to use straight line depreciation 

when calculating the costs and the rate base, but will aliow them to use accelerated 

depreciat ion when calculating taxes. l' 

The regulator c m  also influence the choice of fuel used by the h m .  It  may require the 

firm to use a cleaner coal in order to meet some environmental standards. In addition, 

it rnay guarantee the debt issued by a firm when constructing a nuclear plant. Fuel 

espenditures account for a large portion of the operating costs, and is a very important 

component in the ratemaking process." 

jVhen calculating the rate base and what costs to allow, some regulators wiLl allow 

and others d l  disallow the inclusion of construction work in progress (CWP). C W P  

reflects a rate base that has not arrived yet, but one that requires curent  financing. 

Hcnce. a regulator may allow its inclusion in order to give the firm adequate incentives 

to make the necessary investments.lg 

I4Table 3.1. 
15Zycber (1988). 
lGphillips (1988; p. 234). 
'ÏPhïLips (1988: pp. 257-76). 
" ~ i e t o r  (1989; pp. IOPl74). 
'?Pliiilips (1988; pp. 33940)- 



There is no uniform way of calculating the rate base. The book value of capital is 

one such method, adjusting for depreciation, CWIP and any disallowed costs, while the 

book value of the firm is another. The two coincide for the most part. The courts have 

taken a positive approach to the issue of the rate base by instructing the commissions 

to use whatever methods arrives at a fair o ~ t c o r n e . ~ ~  1 w i U  assume that the rate base is 

equal to the book value of the firm when discussing the rest of the issues. 

The final point, and the.focus of this paper, is the allowd rate of return. There are 

several factors that the replator will take into account when deciding the allowed rate of 

return. The courts have directed the commissions to award a fair rate of return, a return 

that will compensate the owners for investing in this project, and one that would leave 

them no worse off than had they invested in comparable projects. This is known as  the 

cost of capital approach. The cost of capital for a project is the rate of r e t m  required to 

keep investors indifferent between investing in the current project and all other projects 

that have comparable risks and characteristics. 

In order to determine the cost of capital of a firm, the regulator needs to determine 

the capital structure and the cost of the karious components in the capital structure.*l 

Suppose that the firm's capital is K which is composed of debt D and equity E. Then 

the cost of capital to the firm is 

where rl,- is the cost of capital, r~ is the after  ta,^ cost of debt: and r~ is the cost of 

cquity. The pre-tax cost of debt is the interest rate charged on the debt. Most debt 

contracts have specified interest payrnents at specified time periods, and most regulators 

will take these as the given cost of debt. The cost of equity is not as straightfom-ard. 

Since equityholders are residual claimants on the revenues of the firm, and since there 

is no pre-specified payrnent for shareholders, the regulator requires more guidance when 



determining the cost of capital. The regulator could act opportunistically and award 

no or very little retum to the shareholder, since the capital is already paid up. This, in 

addition to being contrary to the spirit of court decisions, would keep future investors from 

investing in future projects. Hence, the challenge is to find a rate of return that wi11 treat 

current and future investors fairly. There are various methods for determining the return 

to equity. Such methods have occupied the majority of studies in regdatory 1 

will not discuss these methods as the reader is referred to the various references on this 

subject. 

What is important, though, is to understand the relationship between the cost of 

capital and the capital structure. In the absence of any special characteristics of debt, 

such as the tax deductibility of interest payments, the Modigliani-Miller (1958) theorem 

tells us that the cost of capital is independent of the capital structure. When the t i t ~  

code allows firrns to deduct the interest payments fiom their taxable incorne, however? 

then a subsidy for debt is created. The cost of capital decreases in debt. Most firms will 

therefore issue a positive am-ount of debt when financing their projects. As the arnount 

of debt in the capital structure increases, though, the possibility of bankruptcy increases. 

Given that bankruptcy usually entails costs that are borne by the creditors, this will 

begin to push up the cost of debt and therefore the cost of capital. The cost of capital 

is initially declining in the arnount of debt due to the tax advantages debt offers and 

t hen begins to increase as concerns over bankruptcy and, more importantly. bankruptcy 

costs begin to dorninate the tax benefit~.*~ Hence there is an optimal level of debt that 

rninimizes the cost of capital. The regdators are cognizant of this fact and will also strive 

t.o achieve an optimal capital structure when setting the allowed rate of r e t ~ r n . * ~  

Phillips (1988, p. 221) reports that forty four states and the District of Columbia 

'2Thompson (1991). 
23Debt offers other advantages that are discussed in Harris and Raviv (1991). It is not necessary to 

apped to the tau code to just* why the cost of capital declines, at least initidiy, in the amount of debt. 
Rather the t a s  benefits can be interpreted Literaiiy or as a metaphor for aii other benefits that debt has 
to offer. 

2f ~atterson (1983) and Copeland and \Veston (1993) provide empirical evidence of the tax benefits of 
leveragc. 



control the issuance of securities by public utilities. He points to the fact that in 1950s and 

1960s the concern among regdatory commissions was that the firms had too little debt.25 

Many cornrnissions will ignore the actual capital structure and create a target structure if 

they decide that the firm could achieve savings by issuing more debt. Commissions that 

issue such target structures will lower the allowed rate of return on equity if they feel 

that the firm has too much eq~ i ty .*~  This wil1 have the effect of forcing the fim towards 

a more optimal capital structure. The courts have supported the commissions in their 

creation of target structures, as exemphfied by the Alabama Supreme Court's decision to 

allow the state regulators to set the rates of the local phone Company baseci on a higher 

debt equity ratio than the k n  propose~i .~~  In the United States, while regulators may 

set a target capital structure, also known as the deemed capital structure, the firmsl in 

most states: are still free to set whatever structure they niant. In Canada, many of the 

replators set deemed structures and require the firms to follow them. The difference, 

though. is acadernic, as it is in the interest of the firm to set its capital structure equal 

to the deemed structure in order to earn the proper cost of capital. 

I surveyed the decisions made by regulators. Consulting Ilhjor Rate Case D ~ C Z S ~ O M  

1985-1996,'~ 1 ascertained the following: forty nine states and the District of Columbia 

have a regdatory framework where regulated utilities periodically submit a request for, 

among otlier things, a rate of return on equity, and a desired level of equity as a percentage 

of total capitalkation. These regulated utilities included electric, gas and telephone 

companies; of these firrns, 72% requested a higher level of cornmon equity in their capital 

structure than was granted. The average request for these firms was 42.9%, while the 

regulators granted an average of 41 -9%. Meanwhile, the other 28% of the firms requested 

a lower level of cornmon equity than was granted, with an average 

2"p. 123. 
26See Pliillips (1958, pp. 371-73) for numerous euamples of commissions that 

structurcs and set the prices based on what they deemed an efficient level. 
2ïSee Pliillips (1988, pp. 371). The decision was Alabama v. Southem Bell 

PUR3d 65. 67 (1962). 
28Regdatory Research .4ssociates Inc. 

request of 44.4% and 

rejected proposed capital 

Teleph. & Teleg. Co., 47 



an average granting of 45.2%. Yet, in both the cases, the allowed rate of return on 

equity reqiiested was always higher than the retum on equity granted, and the difference 

was on average 1%. The firms requesting a higher equity ratio than granted requested, 

on average, a return on equity of 13.9% and were granted 12.8%, a-hile the other firms 

requested 13.9% and receiving 12.9%. The reader should notice that rnost firms are 

requesting a level of equity higher than granted, and 1 will discuss this later. 

The reo4ators operate in a zone of reasonableness awarding different rates of return 

on equity even when two firms in two different states are faced with similar economic 

conditions. During the 1960s, regulators in general were quite generous in awarding rates 

of return to the shareholders. This caused many utilities to increase their debt ratios 

in their capital structure. In the 19'70~~ however, as economic conditions worsened for 

the utilities with higher fuel costs and higher interest rates: the cornrnissioners were not 

able to pass on the increased costs to the consumers as the 1970s were not generous to 

the incomes of consumers either! Hence, regulators began to think about restructuring 

the nray they regulated the utilities. At Ieast three observations becarne apparent to the 

regulators. The first was what is knom as the Averch-Johnson effect.*' This states that 

if a replator awards a utility a return on capital that is higher than the true cost, the 

firm will over-invest in capital. The second was that this over-investment was usually 

done with debt and hence many firms were financially vulnerable when the economic 

conditions ~orsened.~ '  The third effect was that hm were not taking any rneasures 

to increase their technical efficiency. If finns are guaranteed rates of returns over and 

above their costs, then what incentive would a firm have to search for cost savings, either 

through prudent management or better te~hnologies?~~ The 1980s and 1990s saw a new 

trend in regulation k s t  with incentive regdations and then finally restructuring and 

out right deregulat ion. 

29.Aver~h and Johnson (1962). 
30Althougl~ if firms n-ere ad equity fùianced, they would require higher rates of return than if there 

was somc debt in the capital structure. 
"viscucci et al. (1997; pp. 38687). 



3.2.2 Incentive Regulat ions and Deregulat ion 

Alany states decided that the traditional rate of retum regulation in its basic form riras 

not able to best serve the consumers. Hence, some PUCs decided to introduce var- 

ious incentive regulations. These were meant to create incentives for finis to search 

for cost saving measures in the hope that some of these savings may be pased on to 

the consumers. These regulations can be broken into four broad categories: demand 

side management incentives? generating performance incentives, fuel cost incentives and 

corporate performance in cent ive^.^^ 

Demand side management incentives came in states that rnandated that the utilities 

pursue policies that reduce consumption of electricity. This was motivated by conserva- 

tion concerns and a desire for the transformation of utilities from providers of killowatts 

to providers of energy services. Any reduction in sales, however, wouid result in a reduc- 

tion in revenues for the utilities, which creates a disincentive for the utility from pursuing 

any such demand side management policies. Hence, many regdators came up with vari- 

oiis methods to compensate the utilities for lost sales in order to keep the incentives for 

demand side management. Among these are revenue decoupling which allows utilities to 

recover their lost revenues the next year by re-adjusting the rates. 

Generating performance incent ives were meant to encourage utilities to use pursue 

the rnost eficient generating technology. For example, any reduction in fuel usage would 

be rewarded. while the opposite wouid be penalized. f i e l  cost incentives are similar to 

generation incentives, except that they refer specifically to fuel efficiency. 

Corporate performance incentives take into account the entire corporate performance. 

The two comrnon methods of this were revenue sharing, where the Company kept any 

savings i t  achieved through productivity improvements, and price caps where the price 

is capped a t  some level that allows the firm to keep any savings from productivity for a 

certain time period. 

3 % ~  Edison Electric Institute's publication Types of Incentive Regulations: .4 Primer for the Electn'c 
Utility Industry, 1997. 



It is not clear whether these regulations are beneficial to consumers, fiizns or both. 

They all seem to benefit the h, except perhaps the fuel cost incentives. The price 

caps, for example, dont  the fîrms to keep costs down without having the savings taken 

axay. So while some notion of efficiency may be achieved? the consumer may not see the 

b e n e f i t ~ . ~ ~  

While these incentive regulations may push the regulated utilities towards more ef- 

ficient operations, questions about the need for regdation in the first place emerged in 

the 1 9 8 0 s . ~ ~  The view that electricity generatioo was a natural monopoly no longer be- 

came an acceptable model of the industry. This was due to the technological advances 

in turbine technology, especially gas hed turbines. As Balzhiser (1996) points out, the 

minimum efficient scale for electricity generation has dropped from 1000 megawatts to 

400 megawatts for gas turbines and 10 megawatts for aero-derivative gas turbine. Many 

indust rial users generate their own electricity as a by-product of their industrial activity, 

which allows them to sell their excess electricity to the utilities and others. In addition, 

new generators c m  be built and put into action even quicker than existing excess capacity 

can be iitilized. These factors have led to many moves toniards a complete restructur- 

ing of the electricity industry if not outright deregulation. The federal govemment in 

1992 passed the Energy Policy Act (EPACT) calling for the open access to the interstate 

t.ransmission lines for wholesale competition. The states have followed suit and almost 

al1 the states have b e b u  to look into the issue of restructuring. California has taken the 

lead on this issue and full scale competition bas started in January 1998. Some states 

have called for competition in the industrial customer base with the promise of retail 

compet i t ion for residential customers la te^^^ 

There are several issues associated with deregulation. The first is that many of the 

33See Enholm and Malko (1995). 
3-'Smith (1988). 
3 5 ' c I ~ c h  of this information can be found at the Energy Informations Administration's website 

littp://m~~-.eiadoe.gov. For a discussion of the issues see The Changing Structure of the Elect7-i~ Power 
Industry: -472 Update (1 M6), Energy Information Administration - U.S. Department of Energy and 
The Restnrcturing of the Electnc Power Industry (1999), published by the EIA a division of the US. 
Department of Energy. 



existing generation facilities are outdated and less efficient than new entrants. The exist- 

ing utilities are concerned that if f d  scale cornpetition were to take place, their existing 

facilities would be obsolete without having recouped their investment. These plants, the 

utilities will argue, were built with the promise that they would be granted a monopoly 

in order to recoup their investment over a certain time period. Since deregulation dl 

take away their opportunity for recoupment, the assets become "stranded." Many states 

have found various ways to deal with these stranded assets. Some states have required 

customers switching to cheaper provïders to pay back their full share of the stranded 

assets . while ot her states have only allowed part i d  recoupment .36 

One of the conditions for a successful operation of a deregulated electricity market 

is that there exist a proper transmission network in effect. Before, the deregulation 

movement , rnost utilities were verticdy integrated owning al1 of generation, transmis- 

sion and distribution facilities. It is clear that while generation may no longer be a 

nat ural monopoly, transmission is still problematic. Hence? the federd government , in 

essence, has required fiinctional separation of transmission from generation by requiring 

al1 utilities to allow access to their transmission grids for anyone who wishes to wheel 

electricity to anot.her customer in another state. The states have been requiring similar 

measures but within the state. One strategy for an e-xisting utility to maintain its market 

power is to keep its transmission capacity lower than what would be required for a fully 

cornpetitive market to operate. Hence, even if a former customer wishes to purchase fiom 

another generator, it may not be able to receive anything due to limited transmi~sion.~' 

This may explain why the states that have deregulated have not seen the full benefits 

Finally, it should be remembered that deregulation is a political decision, and the 

politicians making such decisions are influenced by the same factors that influenced the 

36See Rossi (1998). 
3'This idea cornes from a conversation with Frank Wolak. 
%ee Borenstein et al (1999a, 199b) and Joskow (1999). Utility executims have been hinting at their 

resistance to deregulation through such measures for years. See Jurewitz (1988). 



regulators. We should expect, as a result, to see states that are more pro-consumer taking 

the initiative and deregulating the electricity industry more quickly than states that are 

less pro-consumer. It stands to reason that h n s  in the states that have been generous to 

the shareholders will do their best in slowing down the pace of reform, and furthermore, 

will be more successful than their counterparts in the other states. In addition, we may 

expect firms in prcxonsumer states to keep their transmission capacity lower than what 

full scale competition would c d  for. 

The nest part wiU give the reader an idea about the state of deregulation at the 

prcscnt. 

3.2.3 The Status of Deregdation 

There are two drivers in the push toward deregulation: the United States federal gov- 

ernment and the various states. The federal government can only influence the Pace of 

deregulation as long as the firms generating electricity transmit across state lines. When 

t his does not happen, then it is up to the individual states to take action. California is one 

such state that has taken the initiative with the most comprehensive plan to date. 1 will 

provide some information on the role of the federal government followed by a discussion 

of California's plan. 

The Federal Government's Role 

There are about 3000 utilities throughout the United States, but only about 700 generate 

power.39 The large utilities generate and transmit electricity across high-voltage trans- 

mission lines that they own. There are two markets for electricity: wholesale and retail. 

The wholesale market is that where electricity is purchased for the purpose of resale. 

This represents approximately hdf of all electricity generated, with the rest distributed 

3"he information here is taken £rom "The Restructuring of the Electric Power Indus- 
t p  - A Capsule of Issues and Events", a US Department of Energy online publication. 
lit t p : / / n x ~ - . e i a . d o e . g o v / c n e a f / e l e c t r i c i S . / c  



locally directly fiom generation. The wholesale market allows utilities to meet excess 

demand a t  peak times and when unexpected demand arrives. In the future, it will &O 

allow cust orners to purchase elect ricity from cheaper sources when it becomes available. 

The retail market is the market that represents the ultimate consumers. The retail 

consumers are divided into three major categories: residential, commercial and indus- 

trial. The residential customers purchase electricity for heating bot h for their space and 

water, air conditioning, lighting, refiigeration, cooking and other applications. Com- 

mercial consumers include " nonmanufacturing business establishments, such as hotels, 

motels, restaurants, wholesale businesses, retail stores, and heatth, social, and educa- 

tional institutions." 40 The industrial sector represents such activities as rnanufacturing, 

construction and rnining. The industrial customers pay on average less per kilowatt 

hour than the other two. This reflects their flexibility to locate their operations to other 

states and hence they receive more cornpetitive prices. The residential customers are the 

least elastic in their demand for electricity and hence face the highest prices per unit of 

electricity. 

As mentioned earlier? several technological factors have contributed towards the move 

to deregulat ion. In addition, the federal government has issued several orders which 

forced wholesale cornpetition when electricity crosses state lines. This was done by open- 

irig interst,at,e transmission lines to non-utilities t hrough a series of measures. Among 

these n-as the requirement that al1 public utilities that o m  or control transmission facil- 

ities used in the transmission of electricity across states separate the transmission from 

t heir generat ing functions. Furt hermore, the transmission tariffs need to be public and 

non-discriminatory. A l  existing and potential users of the transmission facilities will be 

given equal access to the transmission, with full disclosure to d l  such users. 

These measures were enacted by the executive branch of the US.  government. There 

are also owr twenty bills pending in the Senate and House of Representatives calling for 

deregulation on a larger scde. 

401bid p. S. 



The States: The California Model 

Various states have taken the initiative in deregulating their electricity industry The 

leader in this aspect has been California." This has been due to the high prices that 

California consumers of al1 sectors were paying. So much so that businesses were can- 

celling plans to construct plants in California. In 1993, the California Public Utilities 

Commission issued a warning that businesses could not flourish under the prevailing elec- 

tricity rates. A new set of d e s  were proposecl, and in 1996 Bill 1890, a law to restructure 

the electric industry, was signed by Govemor Pete Wilson. 

The purpose of the law was to dismantle California's electric monopolies. This was 

in order to lower the rates to consumers of al1 types. In addition, other issues such as 

t.he maintenance of reliable and efficient power, renewable energy and other aims were 

incorporated into the bill. 

Full cornpetition was to start on March 31, 1998, and the bill required an immediate 

10 per cent cut in rates for residential and s m d  businesses. Industrial customers would 

receive rate cuts which were larger but graduated over time. 

Cornpetition was to be done through the creation of a new market structure. The 

market would be broken into the generators, an oversight board, an Independent System 

Operator and a power eschange. 

The esisting utilities which liad a monopoly status over different regions will be forced 

t.o compete for the electricity market. Over eighty per cent of the electricity in California 

was provided by three investor owned public utilities: Pacific Gas and Electric, Southern 

California Edison and San Diego Gas & Electric. They were regulated utilities and 

were granted the exclusive right to service roughly one third of California each. The 

new system will force t hese firms t O funct ionally separate into t hree main components: 

generation, transmission and distribution. While vertical integration may have had its 

'"Uuch of this information can be obtained form the California Public Utilities Commission website: 
11 t t p: //n'~t~.cpuc.cagov/electric ~estfucturing/erhornepage h m  and the California Energy Commis- 
sion: http://~~.ener~.cagov/restfucturing/ 



benefits in the past, it Iead to the natural monopoly situation that was discussed earlier. 

The natural monopoly, in this case, is in the transmission. Therefore, the firrns will 

be allowed to compete in the lirst and third component while the second will remain 

regulated. 

On the retail side customers will be able to shop around and buy electricity from 

the cheapest provider, not just their local utility. The customers may decide to sign 

long term contracts that give stability and reliability of service and delivery. On the 

other hand, they rnay opt for short term or instantaneous contracts that take advantage 

of cheap prices but may sacrifice reliabili .  The generators can sell directly to these 

ciistomers with whom they have negotiated sales contracts. They can also sell electricity 

into a general pool, which will explained below. The large customers and distribution 

utilities will d r w  from the pool without concern about who originated the generation. 

These distributors may also contract with smaller customers and so on and so forth. 

Wiile existing utilities will supply the market a t  the present, there is nothing to pret-ent 

construction of new plant to serve the market. Industrial customers who generate their 

on-n electricity may also sell their excess supply into the pool or directly. The aim is to 

allow full competition to take place so that customers wiU ultimately receive the cheapest 

rates that reflect the marginal costs of generation. 

The regulator will be there to ensure that no one finn or group of firrns dominates 

the  market and chokes off future competition through control of transmission. Hence, 

the law established an Independent System Operator (ISO) to oversee the operation 

of the transmission system. Al1 existing transmission, regardless of who owns it, is 

treated as a separate entity that is regulated by the ISO. The ISO will ensure open and 

non-discriminatory access to the transmission grid to al1 generators who wish to supply 

customers. The aim is to make sure that no one blocks, restricts or constricts access 

to the grid. This will be the key in ensuring that the new market works. The ISO 

will not be allowed to have any financial interest in any of the generating units, as it is 

very important that the ISO maintain independence. The ISO is also subject to federal 



regulation since many of the transmission lines are used for interstate commerce. 

Finally the pool that was mentioned earlier will be established and called the Power 

Eschange (PX). The PX is essentially a centralized spot and future market for electricity 

in California. The market works as an auction. Price information is continuously dis- 

played for al1 to  see. Demand for electricity will corne in on an hourly basis, and the P X  

solicits bids to supply the demand requests. The Iowest bid wilf be awarded the contract 

unless there are capacity constraints: in which case the ne-xt lowest bid will receive the 

next batch and so on. Small consumers will be insulated from these dedings as they 

will have signed fived price contracts, while other customers rnay be contracting directly 

with the generators. The PX, however, serves as a method for customers to calibrate and 

evaluate the quality of their contracts. Again, there is federal oversight on the exchange. 

An Oversight Board is appointed to ensure that the new system is working. There are 

five members, three of whom are appointed by the governor while two are appointed by 

the legislature. The Board then appoints a governing board for both the ISO and the PX. 

I t  must be noted that the ISO and PX are not for profit corporations and not govemment 

agencies. The governing boards are comprised of individuals from diverse backgrounds. 

These include t hose invoIved in the business of generation, transmission, distribution, 

buying, selling and using of electricity. In addition, there will be appointments from 

public interest groups and individuals not directly involved in the electricity market. This 

is meant to ensure that no one group dominates the governance and the rule making of 

the new market. 

The reader rnay be asking if there are any costs involved in the transition from 

the reg-ulated monopoly phase to a fully cornpetitive stage. The answer is yes. As 

mentioned earlier, there are various costs involved in the transition. The biggest of these 

are the so called stranded assets costs. These are costs incurred by the utilities under 

the premise and promise that they would be able to recoup them through the regulated 

and grraranteed prices in the future. When the market moves to a cornpetitive system, 

however, the utilities are left with assets whose expenses they may never be able to  



recoup. This amounts to a deregulatory takingm4* In order to avoid court challenges and 

aiso to be fair to the firms, the regulators will d o w  the firms to recoup the costs of 

their stranded assets. Any customer who decides to purchase cheaper electricity from a 

supplier other than their existing provider, between March 31, 1998 and December 31 

2001. will be required to pay their portion of the assets that are stranded. For exarnple, if 

a large industrial customer constituted one tenth of a utility's sales, then if the customer 

wishes to purchase cheaper electricity, i t  will be required to pay one tenth of those assets 

that are deerned stranded. Residential ciastomers who nish to bypass their municipal 

suppliers niil also be assessed an exit fée. 

In addition, rates will be frozen at the 1996 levels minus the ten per cent imrnediate 

cut for residential custorners. The difference between market prices and the fiozen rates 

n*ill be put into a fund that wiil be used to pay for these assets. This will stay until 

2002. Hence for four years, on paper there wiil be cheaper prices, but in reality they wiil 

be frozen a t  the 1996 rates. The positive aspect of this is that, while rate decreases are 

foregone for four years, the stranded assets will be paid off. The market will be fully 

furictional in four years. If stranded asset recovery were to be done on pay as you exit 

basis until al1 assets were paid off, then it was estimated that the market would not 

shc2ke off its re,gulatory past for a t  least fifteen years. This method also eliminates the 

possibility that the entrenched interests act strategically by charging large exit fees as a 

barrier to exit and hence entry. 

Betnwn 1998 and 2002 the three investor-owned utilities will receive accelerated 

payment for their stranded assets. The total dollar figure for these assets are not known, 

but it could be up to 530 billion. The California Public Utilities Commission is currently 

looking into the exact dollar figure. There are several ways to calculate these costs and 

it is not obvious which formula has b e n  picked. 

In principle calculating what should be deemed stranded is simple. The devil is in 

the details. Conceptually, the fmn should look at the value of its assets before the 

42Sec Sidak and Spulber (1997). 



restructuring and subtract it £rom the d u e  post restructuring. This is the value of the 

stranded assets. M e n  deciding for a particular customer. the firm needs to take the 

revenue that a customer would have given the firm, subtract the value of the dedicated 

assets to that customer fiom an alternate use, and muitiply the difference by the length 

of the contract (with discounting of course!) The probIem is bow to measure these values. 

In fact, they are the same problems discussed earlier when determining the rate base. 

Should it be the market value, book value with straight Line depreciation, book value 

with accelerated depreciation, some mixture of these or ot hers. The federal authorities 

have been adtising the states on the costs and benefits of these different approaches and 

it ni11 be a while before these are al1 decided. 

The States: Other States 

Other states have aiso taken the initiative to deregulate. In fact! in Table 3.8, 1 have 

listed the states by their level of reform. A 5 denotes complete move toward deregulation, 

m-hile a 1 denotes no action, and the rest denote some degree of action. 

Various states have taken action to restructure their industry. Spurred by high prices 

in the state and by industrial customer's decisions to move to cheaper states, these 

st at  es have eit her enacted comprehensive legislation or have the issue pending in t heir 

legislatures. Some of the problems facing the states is the question of who should benefit 

imrnediately. In California, the residential customers were given immediate rate cuts 

n-ith businesses having to wait four years. In some other states, industrial customers are 

beirig given the rate cuts with residential customers coming later. This has caused some 

political wrangling in the legislatures, as one c m  expect. 

It must be noted that the utilities themselves have b e n  bracing themselves for such 

action. Many have been cutting their costs in anticipation of the new market structure. 

Alergers and consolidations have been sweeping the industry. Soon, the issues will no 

longer be pure regulatory issues, as anti-trust authorities will begin to  be drawn into the 

fray. Firms may be investigated for abusing their dominant position or even outright 



price fixing in the new and emerging markets. 

3.3 A Review of the Literature 

Regulated f i m  have higher debt levels than quivalent non-regulated £irrns." One theory 

that explains the large leverage of regulated firrns is the static trade-off theory, or the 

debt capacity model. This posits that companies would like to leverage infiniteIy due to 

the tax advantages that debt offers, but are constrained by expected b a n h p t c y  costs, 

and hence companies that have lower expected bankruptcy costs will have a higher debt 

level. Since regulated fi=' prices allow them to recover costs, including a rate of return 

on t heir investment , t his substantidy reduces the chances of bankruptcy, which reduces 

the ex~ected bankruptcy costs, and hence regulated firms should have a higher debt level 

than their unregulated c ~ u n t e r ~ a , r t s . ~ ~  

While traditional finance theories can explain the large leverage of regulated firms by 

pointing to regulator-guaranteed revenues? what they do not explain is how such revenues 

are determined, and it is here that the various theories of regulation corne into play. 

There is a tension between the regulated utilities and the commissions, who presumably 

represent the consumers. On one hand, the îkms are receiving a streani of revenues that 

ensure a level of certainty in the firm's revenues, which plays a role in exphining the large 

debt in their capital structure. On the other hand, regdators, responding to consumers' 

concerns over high prices, may keep prices low, disallow certain costs, impose various 

incentive regdations and h a l l y  deregulate the market. 

Stigler's (1971) theory of regulation provides an insight into the process of price 

43H1man et  al. (1987) found that the Bell Regional holding companies wre  highly leveraged even 
aftcr controkng for risk. The average debt ratio of the BHCs, whose beta was .63, nTas 40%, while, 
industries that had a beta of .6@.99 had an average debt ratio of 28%. 

""There are other theories such as the pecking order theories of Myers and Majluf (1984) and agency 
theories of capital structure such as Jensen and Meckling (1976). See Harris and Raciv (1991) for a good 
s w c y  of these theories. in addition, Titman and Wessels (1988) provide a good empirical study of the 
subjcct. 



setting4' The regulated prïce is the result of a regulator satisfying both consumers and 

producers. but not necessarily to the same degree. A regulator that is more favorable to 

consumers wiil lower the price allowed to the £irm, while the one who favors the finns 

will award a higher price. We should find that regulatory environments not favorable to 

producers will have low pnces and, as a corollary, low debt equity ratios. Firms in these 

environments, therefore, may search for ways to raise costs in order to raise the prices 

allowed, incIuding the cost of capital. 

-4 firm facing an unfavorable regulator, one could argue, might increase its debt equity 

ratio, which wodd increase the chances of bankruptcy and expected bankruptcy costs, 

and thereby force the re,dator to grant a higher price. In fact, this is what Spiegel 

and Spulber (1994; 1997) and Spiegel (1994; 1996) argue. Since the regulators d o w  the 

firms to recover costs including interest charges, higher debt equity ratios, which have 

higher expected bankruptcy costs embedded in the interest charges, will d o w  the firm 

to charge consumers a higher price. Furthexmore, they argue, a higher debt level Ml1 be 

used by firms in regulatory environments that are not favorable to the firms as a tool to 

keep the regulators from lowering the price. These articles imply that debt will be set 

by the firm above the efficient level, which is zero. This is because debt in their models 

has no advantage other than being a strategic device to raise the cost of capital. 

Dasgipta and Nanda (1993) offer a similar theory, and moreover: they offer some 

empirical evidence showing that the debt equity ratios are higher in harsh regulatory 

environirients. This, they daim, is evidence that firms use debt as a tool to counter 

harsh regdators: where the term harsh refers to  regulators who are unfavorable to the 

shareholders. They regress the debt equity ratios of electric utilities on, among other 

variables. a dummy variable that indicates whether the state that the firm is in has a 

Iiarsh regtdator. The data is provided by the investment banking consulting Company 

D u 8  and Phelps. Controlling for the other variables, they find that the debt equity ratios 

are higher in those states that are categorized as harsh. 

45Pcitzman ( 1976) formaiized Stigler's contribution. 



The articles by Spiegel and Spulber and Dasgupta and Nanda represent the literature 

on the positive t heory capital structure determination in regdatory hance .  Taggart 

(1985) is another positive piece. It lack. a formal model, but does a good job a t  sweying 

the theories and testing thern. 

These models are good a t  describing the debt financing of nuclear plants. Tradition- 

ally. these plants have been financed using debt either with the a p p r o d  of the regulators 

or without. Due to the massive construction costs associated with these plants, some 

states allowed the h n s  to issue state backed bonds. These gave a guarantee by the state 

on the firms' behalf. In other states, the firms issued the debt first, and then came to 

the regulators asking for recovery. The regulators in these case were reluctant to disallow 

the debt lest they bankrupt the 6rms. The rnodels above: however, are not accurate in 

describing the rest, and the majority, of cases. 

The literature mentioned suffers £rom two flaws. The first, which is institutional 

in nature, is that they do not recognize that the capital structure of public utilities is 

determined by the regulator and not by the firm. Hence, at best the models describe the 

desired level of debt by the firms, rather than the debt level redized. The second flaw 

is that by ignoring the benefits of debt, most notabiy tax savings, Spiegel and Spulber's 

model imply that a higher debt equity ratio automatically means a higher cost to the 

firm and hence a higher price for the consumers, when it is precisely because of the tax 

savings from debt that finns would want to lower their debt equity ratio as much as 

possible even if the regulator did not determine the capital Any positive 

theory of capital structure, therefore, should be institutionally correct and account for 

t Iie Eu11 cost of capital. The reader should recall from the section on reguiatory finance 

above that regulator sets the capital structure, either explicitly or through the deemed 

capital structure mechanism. In addition, 72% of the utilities requested equity levels 

higher than granted. This suggests that the models in the literature are missing the key 

.l6There are other benefits that debt offers, as Harris and Raviv (1991) discuss. Hence, the cost of 
capital wouid fail with a positive amount of debt, even if there m-ere no tax savings associted with debt. 



elements of regulatory environments. 

1 ndl discuss some of the empirical literature after 1 have introduced the model and 

discussed the t heoretical implications. 

3.4 The Models 

This section presents two models. The first is a model of regulatory finance which is the 

institutionally accurate model. In i t  the regulator sets the price and the capital structure. 

1 wiil present this model below and it will be the mode1 of choice when empirical results 

will be discussed. Another model is presented, where the firm chooses a capital structure 

first and then the regulator sets the price. This model responds to the models of Spiegel 

and Spulber (1994) and shows that even if the firm could set its capital structure, it 

would not act as they predict. 

3.4.1 The Players and their Payoffs 

There are three players: the consumers, the firm and the regulator. The consumers 

inelastically demand one unit of electricity at price p, and have consumer surplus V - p, 

where V is the  consumers' value of consuming the unit of output. 

The firm will produce this unit of electricity if it invests K units of capital, which it 

can finance by debt D' or equity E = K - D'. At the end of the period, debt D' requires 

a gross interest payment of D r (1 + i )D' .  
A 

The firm faces variable costs C and a cost shock c with probability 8. This cost shock 
A A A 

lias a mean e c and a variance of a* = (1- 0) 0 2. This uncertainty might or might not 

be real. The important thing, though, is that there is a risk perceived by the regulator. 

Empirically, we do not observe firrns leveraged above 50% of the capital structure which 

irnplies that regulators do perceive some cost shock risks for the firm. 

If the cost shock occurs, the firm will not be able to cover its debt obligations if 



p - C - D < c. The probability of bankruptcy is 

A 

6 i f p - C - D < c  

O otherwise 

IVhen the firm goes bankrupt, it faces bankruptcy costs 

T ( D - p + C + c )  i f D - p + C + c > O  

O othemise 

where T' > O and T" > 0. 

The corporate tax rate is T, and so the expected return on equity is 

The expected return on debt is 

n-hcre the risk adjusted interest rate i is determined in the capital market according to4' 

The value of the firm F is equal to the surn of the returns on debt and equity, and so the 

payoff to the firm is equal to 

Thc regulator has a utility function which is an average of the consumer' surplus and 

- -  - - 

'"1 am assuming that the risk free rate is equal to zero. 



the firm's profits. The payoff to the regulator is 

where y E [O, 11 represents the consumers' bargaining power.48 To simpli& the analysis, 
1 49 1 will assume that y < , , T ( l - B ) .  

3.4.2 ModelI: TheRegulator Sets thepriceand CapitalStruc- 

ture 

When the regulator picks both the price and capital structure, the model is a one period 

model with only the regulator making any choices. The regdator's payoff is given by 

(3.2) , and so the reguiator will 

subject to F - D 2 (l+cost of equity)xE. 1 shall assume that this constraint is non- 

binding. Let the resulting price and debt be {p*, D*). 

Since the consumers' demand for the unit of output is perfectly inelastic, there are no 

efficiency issues with respect to the pricing decision as far as the consumers are concerned. 

-Ln increase in price raises the overall social surplus as it is a pure transfer from the 

consumers to the h, while it lowers the expected bankruptcy costs. Furthermore, 

the regulator will want to set the capital structure efficiently, in order to keep the social 

surplus as high as possible. The regulator choice of price is constrained by the consumers' 

bargaining ponrer. 

1 can now present some propositions whose proofs, unless otherwise stated, are in 

Appendk D. 

4"Al t ernati~el~,  i t reflects the weight the regulator places on consumer weifare. 
'Ig ~ h i s  is meant to keep the reguiator from being too pro-consumer. Spiegel and Spulber (1997) have 

a sirnilar condition, while one can imply such a condition in Dasgupta and Nanda (1993). 



Proposition 20 The resulting price and debt { p * ,  D'} are implied by 

To understand the price allowed, consider the following. If y = O, then po = V. 

If the firm had d l  the bargaining power, the regulator m-odd let the firm charge the 

full V. If y = 1: then pl = C + D + ecT'3+c)-D I-T(I-O) - This says that if the consumers had 

al1 the bargaining power: the regulator would allow the firm to charge its cost which 

consists of the operating costs C plus the cost of debt. The cost of debt consists of 

the interest payments plus the a risk premium, which is cornposed of the expected costs 

shock plus the bankruptcy costs minus the gross interest payments that are not paid in 

the bankrupt states, al1 of which are discounted by the tau savings. In general, the price 

is a convex combination of V and the operating costs plus the cost of capital, and is a 

niimber between po and pl.  Realistically, the price nill also be bounded below by the 

cost of equity, and hence the price will be a number between the full cost of capital and 

the full consumer value. The firm will receive a surplus in excess of the cost of capital. 

Another way to understand the price is as follows. The regulator can award a price 

that is either correlated with the costs or correlated with consumers' value. A regulator 

that awards prices more correlated with costs is a pro-consumer regdator since not much 

is left for economic profits. A regulator that awards prices more correlated with the 

consumers value is allowing the tirni more economic profits. As an ernpirical matter, 

n.e can look to see if the revenues are correlated with costs to determine the Ievel of 

harshness of a regulator. 

The debt level is picked optimaLly by the regulator so that the marginal tax savings 

from debt are equd to the expected marginal bankruptcy costs. This is seen in (3.4): 



where the left hand side is the expected bankruptcy costs, while the right hand side is 

the tax rate in those non-banhpt states, representing the expected tax savings from 

the interest payment deductions. This suggests that the price and capital structure are 

set independently. A separation theorem analogy is in effect. The regulator aims for 

efficiency when setting the capital structure, using the price as the transfer meclianism 

between the consumers and the firm. The regulator, in some cases, may be constrained 

by being required to voice some basis for awarding the return on equity. Hence, while 

the efficient capital structure may involve a low equity ratio with a high return on equity, 

say 100 basis points above the true cost of equity, the regulator rnay opt for a higher 

equity ratio and a lower return on equity. This is not captured in my model, but is worth 

noting. 

Proposition 21 The probability of bankruptcy zs always positive. 

Since debt always reduces the cost of capital due to the tax deduction, the regulator 

will want the firm to carry as rnuch debt as possible, only constrained by the expected 

bankruptcy costs. Since, the tax savings are always positive, this implies that the ex- 

pected bankruptcy costs will be positive implying that the probability of bankruptcy will 

always be positive. At a zero debt, there are t a  benefits but no bankruptcy costs and 

so the regulator will always has an incentive to add some debt to the capital structure. 

Proposition 22 The price 2s increasing in cost? the cost shock, the cost uncertainty and 

decreasing in the consumers ' bargaining power, or 

The regulator will allow the firm to recover some of the costs to keep the finn from 

bankruptcy and also to lower expected bankruptcy costs. Reducing bankruptcy costs is 

why the regulator will increase the price when the cost shock increases which also leads 

to the variance increasing. R e c d  that there are no efficiency distortions fiom raising the 



price on the consumers' part, and reducing the expected bankruptcy costs reduces the 

distortions to the h. As the bargaining power of the consumers increases, the regulator 

will lower the price in order to increase the surplus available to consumers. 

Proposition 23 The debt equity ratio is decreasing in cost, the cost shock7 the cost 

uncertainty and the consumers' bargaining power, or 

d D  dD dD d D  - <O,- < O , -  < O  and - <O. 
dC d c  d a  d? 

Since increases in costs -111 cause the regdators to increase the price, but not by the 

full arnount of the cost increase? the regulator ni11 reduce the debt leveI in order to lower 

the chances of bankruptcy and the expected bankruptcy costs. Similady, an increase in 

the cost shock and the variance in the cost shock e l 1  lower the debt level as to lower 

expected bankruptcy costs. This reduction in debt is meant to preserve efficiency in the 

capital structure. Finally, when the consumers have a higher bargaining power, this Nil1 

lower the price allowed and hence lower the debt equity ratio. Pro-consumer jurisdictions 

demand that consumers not be responsible for expensive bailouts of bankrupt firms, and 

this concern also lowers the debt equity ratio in order to lower expected bankruptcy costs. 

IVe should expect to observe, t herefore, t hat pro-consumer jurisdictions Ml1 have firms 

with low allowed prices and low debt equity ratios. 

Dasgupta and Nanda (1993), the reader is reminded, found that fkms in harsh ju- 

risdictions had higher debt equity ratios. This seems to contradict the results of the 

last paragraph. In order to resolve this two issues need to be investigated. First, 1 will 

re-esamine the models in the existing literature by presenting a mode1 similar to Spiegel 

and Spulber (1997) that takes into account the full cost of capital. Second, 1 will provide 

an explanation of the term 'harsh.' 



3.4.3 Mode1 II: The Firm Sets the Capital Structure 

Having presented an institutionaliy accurate model, 1 want to revisit the model proposed 

by Spiegel and Spulber (1994; 1997). Recd that I had characterized these models as 

models of the desired level of debt - models that describe the debt equity ratio that a firm 

would set if it believed that the regulator would base the price allowed on this desired 

level of debt. What is of interest, however, is if the correct cost of capital were taken into 

account, firms would not necessarily request a high level of debt as proposed by Spiegel 

an Spulber? but rather they most likely would request a lower level of debt. Spiegel and 

Spulber's results, as will be shown beiow, are a special case of a general result. I wifl 

redo their rnodel but take the full cost of capital into account. 

In this model the firm sets the capital structure. There are two periods. In the first 

period, the firm will choose a capital structure, while in the second period the regulator 

will set the price. In the second period, the regulator, whose payoff is given by (3.2), will 

rnax (V - p)T(F)'-7. 
(Pl 

The regulator's pricing strategy p*(D) is a function of the capital structure set by the 

firm in the first period. 

111 the first period, the firm, whose payoff is given by (3. l), ntill set its capital structure 

max (1 - O) (1 - 7) ( p  - C - D) + (1 - O )  D + 0 ( p  - C - c - T ( - ) )  . 
{Dl  

In equilibrium the £km wiU correctly anticipate the regulator's pricing strategy, and 

hence the equilibrium strategy of the firm D* is chosen to maximize F(p*(D) ,  D) .  The 

equilibrium strategies (p* (D) , D*) constitute a subgame perfect equilibrium of the two 

stage game. 



The re,4ator7s pricing strategy is given by using the expression in (3.3) 

v {(1 - 7) (1 - ~ ( 1  - 6)) - - 71%) + 

The fim substitutes (3.5) into (3.1) and wiU choose D* =argmax F, where 
{Dl  

The debt level D* will be determined by the condition50 

d T  dp* 
dD dD 

( g)) = (1  - 0 ) ~ .  e - - - ( l - ) ( - r ) + e  1 + -  

The reader should compare (3.8) with (3.4). Note that the difference is the second term 

in the right hand side of (3.8). The Clrm will set the debt level so that the expected 

bankruptcy costs are equal to the tax savings from debt plus the increase in the value of 

the firm from the effect of an extra unit of debt on the price the reguiator sets. In order 

to underst,and whether the firm will set the debt level higher or lower than that which 

the regulator would set, we need to know the sign of g. The appendiu gives the exact 
d expression of g, but the sign can be seen as fouows: I D - o <  0 and 5 I D - - >  O- 

\\%en debt is very small, the regulator will lower the price allowed as debt increases 

due to the tax savings. &%en the debt level gets high, the bankruptcy costs begin to 

oiitweigh the tax savings and hence, the price allowed rises. Therefore, is negative 

initially and then becomes positive, which implies that the firm may or may not want to 

"This is seen by differientiating (3.6) with respect to D and setting equal to zero yields the Grst order 
condition 



set its debt level higher or lower than that which the regdator would set. The theoretical 

results of Spiegel and Spulber (1994, 1997), which have the £irm setting their debt above 

the efficient level, are a special case of this general result. 

The firm may wish to set the debt equity ratio higher than or lower than the efficient 

level. What determines its desired level of debt is the sign of g- Consider if the k m  

had a high level of existing debt, in which case is more likely to be positive due to 

rising expected bankruptcy costs. The firm would be more likely to request a higher 

debt equity ratio. If on the other hand, the firm has a low debt equity ratio, will 

be negative and so it would request a lower debt equity ratio. Since 72% of the firms 

requested a debt equity ratio lower than that granted, this suggests that the models in 

the esisting literature describe the desired behavior of 28% of the firms. 

When a state regulator is characterized as harsh, this means that the regulator is 

not granting the firm its desired price nor its desired debt equity ratio. Furthermore, 

at lm- levels of debt, & I D - o <  O, which implies that the more the regulator is pro- 

consumer? the more the firm would desire an even lower debt equity ratio. The harsher 

the replator, the more debt the h m  has relative to what it would want. In other words, 

the term harsh is synonymous nith a regulator that grants a higher debt equity ratio 

than desired by the km, which explains the empirical results of Dasgupta and Nanda. 

3.4.4 Regulatory Reform and Investment Incentives 

Bargaining power: as seen above, is key to determining both the price dowed and the 

capit,al st.ructure of the regulated firm. States in which the consumers have the dom- 

inant bargaining power are states where we should expect more and more innovations 

in lowering the costs facing the consumers. Such states in the past have implemented 

alternative pricing strategies such as the various incentive regulation pricing mechanisms. 

Recently, however, many states are taking bolder steps as several states have either in- 

troduced full scale cornpetition in the electricity market or introduced legislation to open 



the retail electricity market to c~mpetition.~' An interesting question, therefore, is c m  

we use a measure of bargaining power observeci in past pricing decisions to infer current 

movements towards deregulation? This will be the main focus of the empirical section. 

Firms in these new deregulated environments would have their prices set competi- 

tively and their capital structures would also have to adjust. The firms would now see 

their prices converge toward marginal cost rather than the weighted average of cost and 

consumer value that they were accustomed to. hrthermore, the debt equity ratios that 

these firms are carrying will not be suitable for the new environment. Hence, we can 

anticipate that many firms will not be looking forward to such deregulation. Firms that 

are in states with less prc+consumer regulators will be more likely to exert their already 

large influence in slowing the Pace of reform. Firms in states with more pruconsumer 

regulators who are already accustomed to low prices and lower debt equity ratios will rel- 

atively have relatively less to fear from cornpetition. They may, however, try to hamper 

the deregulatory process by not keeping their transmission capacity at an optimal level, 

as discussed in the introduction. This indicates an interaction between investrnent deci- 

sions and the capital structure of the finn. Since firms in pro-consumer states will have 

lower debt equity ratios, they wdl also be firms that will have lower investments in their 

transmission systems. The interaction here between capital structure and investment is 

conducted via the consumers' bargaining p o ~ e r . ~ *  

We s hould observe that states wit h pro-consumer regulators will be quicker to reform 

their industry, mhile the other states will be slower. 1 will provide more discussion below 

in the empirical section. 

" Much of this information can be found at the Energy informations Administration's website 
littp://n-n~\-.eia.doe.go\*. 

' ' ~rea l c~  and Myers (1988) illustrate similar principles with respect to the interaction b e W n  finance 
'and investment. 



3.5 Empirical Implications 

In this section, I wiU review some of the empirical literature regarding the capital struc- 

ture of a rebdated h m ,  while 1 will introduce my empirical results in the rest of the 

section. 

3.5.1 Some Literature 

Little has been written on the role of regulatory preferences in determining how the 

capital structure is set. The article by Dasgupta and Nanda (1993) is one of the few 

where they explicitly regressed the debt equity ratio of public utilities on the ranking of 

regulator by their harshness. In it they found that the harsher the regulator, the higher 

the debt equity ratio. As discussed earlier, there are several problems with this. The first, 

is that the term " harshness of regulator" is subjective as it was based on information 

compiled by an investment banking research group and is simply an ordinal ranking of 

regdators. The second is that harshness may be a reference to the fact that fims may 

be desiring, as model 2 above shows, a higher equity ratio and hence when they receive 

a higher debt ratio they feel that they have been treated harshly. 

Taggaït (1985) also attempts to see if regdation impacts capital structure. He looks 

at the debt equity ratios of utilities before and after they were regulated in the 1920s. He 

found that prices rose and so did debt, although in some situations he found that prices 

rose and debt fell. These, without a formai model, can support various stories. This can 

support the rnodel presented here. It can also support Speigel and Spulber's model, and 

hence. while the results are interesting they do not support one side or another. 

Hagerman and Ratchford (1978) find that the longer the term a cornmissioner serves, 

the higher the rate of return to a utility. Navarro (1982) also confirms this, but in 

addition finds that elected commissioners and Iower paid commissioners will be more 

pro-consumer. 



3.5.2 The Empirical Results 

The purpose of this section is twofold. The first is to provide confirmation for some 

of the results presented above. The second is to estimate the bargaining power of the 

consumers using the pricing equation in (3.3). The estimates of bargaining power can be 

used to infer other aspects of the regulatory environments including the Pace of regulatory 

reform. This is an important contribution of the paper, as it allows the use of estimates 

of an unobservable parameter. 

The discussion so far has presented several assertions. Firms that have large bargain- 

ing power will have higher revenues and higher debt le\-&; high debt will be positively 

correlated with low costs and low variances in cost, while prices will be positively corre- 

lated with high costs and high variances; and states in which the consumers have higher 

bargaining power will be states that will be most likely to move towards deregdation. 

To investigate these issues, several data sources were consulted. Data for the years 

1984 - 1996 were taken from the annual Financial Statistics of Major US Inuestor-Omed 

E1ectr-i~ U t i l ~ t i e s . ~ ~  The data contain the income statements and balance sheets of the 

various investor omed  utilities across the various states. There are over 200 investor 

on-ned utilities that provide about 80% of the electricity in the U.S. market, while the 

rest is provided by publicly owned firms. Nebraska is the only state with no privately 

on-ned electric utility. 

Table 3.1 provides some summary statistics for the various firms during the time 

period. It should be noted that the average debt ratios4 is 48%, the average price of 

electricity is 6.6 cent per Kilowatt-hour, and that the average size of a firm is $2.7 billion 

in pliysical capital, with average operating costs around $1 billion. 

53Eners  Information Administration - U.S. Department of Energy. 
54Debt ratio = 



3.5.3 The Cost and Uncertainty 

While the proposition that costs and uncertainty lower the debt equity ratio and raise 

the price allowed is not too controversial, it is, nonetheless, instructional to investigate it. 

In order to see the impact of costs and uncertainty, the following equation is estimated: 

Debt Capital O P.Cost 

i€ {States) 
1 (3.9) 

where OPCost is the operating costs which includes the cost of fuel, taxes, salaries 

and operating and maintenance expenses, Capital is the book value of the plant, and 

Var  is defined as the variance in the growth of operating costs. Si is a durnmy variable 

that takes value 1 for a particular state and zero otherwise. Outpt  is the electricity 

production of the firm measured in AMWHours. Growth is the average growth of the 

gross state product. 

The Si dumrny is meant to capture the fixed effects for the various states. These fixed 

effects nrhich will be represented by the cri are rneant to capture the idiosyncratic nature 

of the various regdatory environments across states including the relative bargaining 
C a  'ta1 power of firms with consumers. The variable is a measure of average fked costs, 

0P.Cost while is a measure of average variable costs. The results are presented in Tables 

3.2a. 

We should expect that the measures of variable costs have a negative coefficient in 

the regression, as this was evident from the model. The fixed cost variable is slightly 

more complicated. On one hand, the fixed cost per output reflects how expensive the 

generating facility is relative to sales. In the event of bankruptcy, creditors will not 

receive as many sales from a plant that has a high L.ed cost per output than another 

plant with a smaller ratio. Hence, fixed costs per output may be a proxy for bankruptcy 

costs, and we should expect a negative coefficient. On the other hand, many facilities are 



built to meet maximum capacity, while electricity is wheeled in kom other generators. 

They are kept as spare plants for backup purposes. Such electricity may cornmand a 

premium in the time of need from other generators. Therefore, a plant with a lot of 

capital per output may have a high value since there is the option of generating extra 

output that the accounting does not reflect. This may mean that the bankruptcy costs 

are not as high and the coefficient might be positive. 

Table 3.2a shows that the debt equity ratio is negatively related to both types of 

costs, the variance in costs and the interest rate, while the growth of the economy is 

insignificant. This confirms the basic intuition of the theory. One interesthg question is 

does the type of fuel influence the debt equity ratio? This question cornes up because, in 

the past niiclear stations were fwided with state backed bonds which implies that the risk 

would be borne by the taxpayers and not the firm. To see this, the following regression 

wcs run: 

Debt Capital Ot herO P-Cost 
log( E@t 9 ) = i ~ { S t a t e s )  C a i S i + P i l ~ g ( ~ ~ ~ ~ ~  ) + 4 2  log( > (3.10) 

Nuclear Steam 
+O3 var + 

log( Output + 49 1 4  Output 1 

The variables, Nuclear, Steam, Hydro.and Other refer to expenditures on nuclear, 

steam! hydro or ot her fuels respectively. OtherOP-Cost are operating costs other than 

fuel. 

The  results are in Tables 3.2b. -411 the coefficients have the negative signs except 

the nuclear fuel variable. This suggests that nuclear plants with the Spiegel and Spulber 

(1994) mode1 in rnind, or were built with some taxpayer backing in mind? 1 reestimated 

(3.9), by omitting ail firms that had expenditures on nuclear fuel in excess of 30% of the 

5 % ~  "Bonnevilie to pay mmt of S55 miilion in bond settlementn, Wali Street Journal. Jan. 27, 
1995 p. B5. These and other stories suggest that there was some implicit backing of nuclear plans by 
taupayerS. 



total fuel e-xpenditures. The results are in table 3.2c, and the results do not change from 

those in table 3.2a. 

Another issue with the estimation is the presence of multicollinearity. This is due to 

the division of all the variables in the equation by the Output variable. To investigate 
C a  .ta[ this. I measured the correlation matrix of aU the variables involved. The variable 

n7as highly correlated with many of the variables. Hence, 1 re-estimated (3.10) without 

the log(=) variable. The results are in Table 3.2d. Again, only nuclear fuel has a 

positive impact on the debt equity ratio and the other results have not changed. 

One of the problems associated with panel data is that while there may be twelve years 

of observations for the fifS states, the data may in fact be repeating the observations 

across the states twelve times. This is due to the stability of the regdatory regimes 

governing the capital structure. To correct for this, 1 ran the regession in (3.10): with 

and n-ithout the log(=) variable, as a cross section for each year. 1 have summarized 

the results in Table 3.2e and 2f. It lists the number of times a variable was significantly 

positive or negative. The log of other costs was significant and negative eight times 

nrhen the fked costs were included and eleven times when i t  was o ~ n i t t e d . ~ ~  Nuclear fuel 

Kas positive seven times when fixed costs were included and six times when they were 

omitted. Steam fuel was significant and negative five times in the first case and four 

times in the second. Fixed costs were negative and significant five times, and positive 

once. Hence even when the regressions were run on cross sections only, the signs were as 

cspected whenever they were significant. 

The resiilts shed some light on what factors are important for the determination of 

capital structure. In some years, regulators are concerned about certain types of costs. 

It is obvious that variable costs excluding fuel costs are the most important issue every 

year. This is consistent with the model. When we decompose the fuel costs by type, 

then two things emerge. The first is that they also have a negative effect on the debt 

equity ratio, except for nuclear fuel. Steam fuel is the most common form of fuel and so 

56~ecall tliat the number of time periods is twelve. 



it is not surprising that it is the one that bas the impact most of the years. Nuclear fuel 

impacts the debt equity structure positively and especidy after 1988. This may indicate 

the maturing of previously issued bonds that financed these plants, as there have been 

no new nuclear plants since th2 early 1980s. The results &O suggest that fixed costs are 

~lewed negatively by the market when detennining the debt equity ratio. This means 

that the role for peak servicing is limïted and that capital intensive plants per output 

are not viewed as technically efficient. Finally, the issue of uncertainty seerns to not have 

any effect on the debt equity ratio. This may indicate that the market does not view the 

cost shocks as a red  threat. The coefficient for the variance of costs were negative but 

insignificant, so there is evidence of weak concern over costs shocks. 

1 should note that the ernpirical literature on capital structure is not unmimous. 

The results of Bradley, Jarrell and Kim (1984) would have suggested that we should 

find a positive coefficient on the cost variable, while Long and Malitz (1985) would have 

suggested otherwise. More details on these issues can be found in Titman and Wessels 

(1988). 

This section has s h o m  that the observable variables behave consistently with the 

predictioris of the model. The unobservable variable, consumers' bargaining power, will 

be discussed in the next section. 

Estimation 

The ob ject of this section is to show that the simplest models can uncover the underlying 

bargaining power parameter in each state. We have seen that the there is a correspon- 

dence between the capital structure and the prices allowed to a regdated firm. The main 

interaction between t hese two variables is t hrough the bargaining power parameter y as 

shom in (3.3). As stated above, the idea of (3.3) is that prices are either correlated with 

costs or witb consuniers' value. One way to do this could be taking simple correlations 

between the prices and the cost per unit. This may not reveal the whote story, though, 



due to non-linearity of (3.3). Hence a better way is to directly estimate y. 1 wiil present 

karious met hods of estimating this para~neter.~' 

Consider (3.3) which wâs the price allowed by the regulator in model 1. Some modifica- 

tions are required before proceeding to the estimation. The k t ,  is to replace occurrences 

of gross interest payments D with net interest payments iD'. This is because the model 

was a one period model, whereas the data is year to year. The second modification 

is to speci@ the bankruptcy b c t i o n .  Let T(.) = T x D' where D' is the total debt 

outstanding. I t  seems reasonable to assume that if the firm were to go bankrupt, the 

bankruptcy costs would be proportional to the entire debt outstanding. This allows (3.3) 

to be rewritten as 

In the model there was one unit of output. Therefore, (3.11) can be interpreted in 

per unit terrns. Debt, interest payments, price, costs are al1 in per unit terms. Hence, 
Tutd Revenue ? D' = Totd debt , c = Total Operating Costs . and  DI = Interest Pavments 

P = Output Output Output Output , where 

oiitput is rneasured in KwH. Since, 1 am only interested in the parameter y, (3.11) can 

be simplified further. One simplification is 

p = V {l - y} + y {ri D' + r2 + {CQ + i D f )  - r 3 i D f )  

where Fi. i = 1. -3 are metaparameters derived by simplifying the expressions in (3.11) .j8 

The right hand side of (3.12) is the average price received by the firm which a convex 

combination of V and {rlD + r2 + {CQ + iD1)  - r 3 i D f } ,  where V is the consumer value 

or total consumer surplus available (at price zero.) 

3ïThe methods here are similar to Ross (1984; 1985) where he attempted to recover regulator's 
prefcrences. 

58f,= f?T 1 
i-r(i-@) 7 ' 2  = ,-$;-,) md '3 = 1 - r ( l - 8 )  * 



Equation (3.12) has two constants V and îz which wili cause some identification 

problems in the estimation. One way to overcome this is to spec* V. V can be thought to 

be correlated with the gross state product per capita of the state. In addition, it can also 

be correlated with the number of commercial customers in the state, or more accurately 

the proportion of commercial customers to the total number of customers. Commercial 

customers are more ineIastic demanders of electricity than industrial customers, and 

lience have the most surplus e~tractable.~'  

Hence (3.12) can be re-witten as 

GNP Number of commercial customers 
P = {  QI- P O P f p  Totalnumberofcustomers 

r { î l D  +r2 + {CQ +iLI1) - r3iD1} 

w-here GNP is the gross state product of the state and POP is the population of the 

state. This allows for the identification of y and the other parameters. 

The nest step is to estimate (3.13) for every state. The estimates were obtained 

with a non-linear regression estimated individually for each state. These estimates are 

in Table 3.3, and are labelled yl. 

Anot her method is re-estimate (3.13) wit h the number of industrial customers instead 

of the number of commercial custorners. Industrial customers have a lot of willingness 

to pay? since they operate large industrial projects, but they also have a lot of flexibility 

in the long run: since they can always relocate to an adjacent state. Nonetheless, it is 

interesting to see if there is a change in estimates. The estimates are in Table 3.3 and 

labelled 12. 

Another approach is to redo mode1 1 with Q units demanded inelastically as opposed 

"There is anecdotai evidence to this effect, such as the fact that industrial plants can decide where 
to locate as opposed to a business in a state. In addition 1 ran the following regression log(quantity) = 
ct + ,O log(price) for both industrial and commercial customers. ,O is a point estimate of the own price 
clastici@ of dernand. 1 do not report the resdts, as they are only suggestive, but the for industriai 
ciistomers n-as significant and negative, whiie that for the commercial customers was insignificant and 
close to zero. 



to 1 unit. The resulting equation after re-doing the optimization is 

escept that all variables are in aggregate. pQ is the firm's total revenues, Dr is total 

debt, CQ is total operating costs, and iD' = total interest payments. V can be thought 

as being correlated with the g ros  state product and total population. Hence the equation 

can be estimated as follows: 

pQ = {aGNP + PPOP) (1 - y) + y {ri D + ï2 + {CQ + iD') - r 3 i D r } .  

The equation is estimated state by state and the results are in Table 3.3 labelied %. 

Equation (3.13) was estimated state by state. Another way to estimate it is to use a 

non-linear seemingly unrelated regession (non-linear SUR). This is to take advantage of 

the shocks in the costs of fuel that affect al1 states as a whole. The estimates are also in 

Table 3.3 and are labelIed 7 4 .  

There are nine regional reliability councils that coordinate the planning and opera- 

tions of generation and transmission between various states. This allows a generator in 

one state to transmit to an adjacent state in case of a shortage or generation failure. The 

regional councils are the listed in Table 3.13. Each council consists of a number of states? 

although some states such as Texas are in a one reliability council. Equation (3.13) was 

cstimated using a non-linear SUR by each of the reliability councils. The results are 

labelled y5 and are in Table 3.3. 

While, the value of y theoretically should be between O and 1, the estirnates are not 

al1 kss than one. When the restriction was imposed in the estimation, the restrictions 

were al1 binding for al1 the five different methods used. 1 report the unconstrained values 

of y in Tables 3.3. 

I t  should be noted that debt D is endogenously determined in the model, and hence 



some sort of control for endogeneity should be used. To do this non-linear instrumental 

variable estimation needs to be used. There were many choices of instruments. Among 

them were the yield on utility company's bonds, rates of return on utility company's 

stocks, the credit rating of the various hms. These were not used, however, as the data 

was either sparse or not as rich as the dataset being used. The instrument that was used 

nras the book value of capital. The book value of capital is strongly correlated with debt 

and not as strongly correlated with pricea60 Equation (3.13) was re-estimated using the 

instrument al variabIe. 

The reader should interpret the d u e s  of y in Table 3.3 as the relative value of 

one states! consumers bargaining power as compared to other states. Hence a higher 

Y indicates that consumers in that state have a higher relative bargaining power as 

compared to states with lower y. There are various reasons why the estimates could 

be greater than one. One reason is that 1 used a uniform measure of cost as provided 

in the uniformly reported incorne statements. Various states, however, could be using 

different measures than the ones reported to the federal government. The discussion of 

the various treatments of CWIP and depreciation earlier should inform the reader of the 

difficulty in deterrnining which costs were truly used in the commissions7 decisions. What 

is important: though, is that y reflects the degree to which the prices are correlated with 

costs as opposed to the consumers valuation of consumption. A state whose prices are 

more in line with costs are states with pro-consumer regulators, while states where prices 

are more correlated with measures of value such gross state product per capita are states 

with pro-firm regulators. Finaily, the estimate could be also thought of as  the relative 

bargaining power of consumers as opposed to the absolute bargaining power. 

To git-e some confidence in these estirnates, a method of attaching some validity to 

these estimates is needed. This method will be provided after a brief discussion of market 

to book ratios. 

GoThe correlation betmen capital and debt was 0.97 and was significant. The correlation between 
capitai and price mas close to zero and insignificant. 



Verificat ion 

A generous regulator wiii award the hm prices that compensate for the costs plus an 

allowed rate of return. It is in this allowed rate of return where the scope for generous 

pricing cornes into play. The regulator needs to compensate the firm's shareholders with 

a rate of return that will induce them to invest in the firm in the first place. If the 

regulator is generous, then the rate of return awarded will be higher than that which the 

investors would have required. The effect of this is to raise the market to book ratio of 

the firrn. 1 will give a brief exposition to the reader on the rneaning of market to book 

ratios. 

Market to book ratios are important when considering regdatory A market 

to book ratio indicates the degree to which the regulator is generous to the fkn. To 

understand this, consider a share that yieids a perpetual dividend d .  The share will be 

priced by investors using the Gordon formula 

where k1 is the investors desired rate of return." This rate of return is what investors 

ndl require in order to hold the particular share with al1 its characteristics which include 

risk. If the share was completely risk free, the investors would require the risk fkee rate, 

and any additional risk will require some compensating risk prernium. 

Suppose a firm would like to invest in capital which costs K dollars today, and for 

riowl assume that equity is the only method of finance. The firm wii1 need to attract 

investors to pay K dollars with the promise to pay them a stream of payments that will 

compensate thern nl th  at  least their desired rate of return kl. If the firm manages to pay 

in perpetuity a stream of ditidends equal 

E = K.  which means that market value E 

to k I K ,  then the value of the equity will be 

of the equity is equal to the book value K. In 

"Sec Booth (1997) for a detailed discussion. 
621 am assuming no growth in the dividends. 



the case of a regulated h, it is up to the regulator to provide the investors with their 

desired rate of return. 

The regulator would like to award the finn a rate of return that reflects this kl. While 

there are several methods proposed in the literature to estimate these rates of r e t ~ r n , ~ ~  

the regulator's choice of allowed rate of return w i U  be, in part, infhenced by the relative 

bargaining power of the hm. Suppose the regulator awards a rate of return k2 > /cl. The 

value of equity wiU equd 

and so 9 > 1' or the market to book ratio is greater than one.64 Conversely, when the 

regulator awards the firm a rate of return 1- than kl the market to book ratio will be 

less than one. Clearly, the addition of debt to the picture wili complicate the analysis, 

but the idea is the sarne: whenever the ailowed rate of return on equity will be higher 

than that required by investors, the market to book ratio will be greater than one. These 

ratios are what signal to investors the desirability of investing in that firm. 

Returning to the issue of bargaining power, recall the a higher bargaining power for 

the firm would mean a higher allowed rate of return and hence a high market to book 

ratio. Hence, we should expect that states with low ys ni11 have higher market to book 

ratios. 

The firms in the sample are ali owned by holding companies. These companies are 

listed in the ~~ar ious  appendices of the Financial Statistics of Major US Investor-Owned 

Electric Ut~lities.~~ The market to book ratios were then obtained for these holding 

companies from the COMPUSTAT database. Table 3.4 lists the average market to book 

ratio for the states during the entire period. 1 then found the correlation between the 

market to book ratio and the various estimates of y. This was done using the average 

market to book ratio by state and then by firm. Table 3.5a reports the correlations 

63See Thompson (1991) for details on the methods. 
'"Market to book ratios are also proxies for Tobin's Q ratios. 
65Energy Information Administration - US. Department of Energy. 
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between the various ys and the average market to  book ratio, where the average is by 

state. Table 3.5b reports the correlations where the average are by h- Both sets of 

correlations are negative and significant at  the 5% level. This gives strong support to 

the various estimates of y as estimates of the bargaining power of consumers. While ail 

of the correlations are negative, 7 3  has the strongest correlation. This may be because of 

the use of aggregates in estimation. However, the other estimates are stiU significantly 

negatively correlated and that is what we were looking for: a parameter that validates 

some notion of bargaining power. 

This is an important result, as it shows that the method used to estimate y can yield 

meaningful estimates that are robust to the type of estimation. This important result 

allonrs us to use these estimates in order to understand other issues in the electricity 

industry. One such issue is the nature of the regdatory environment. 

3.5.5 The Regulatory Environment 

Incent ive Regulat ion 

Are incentive regulations more beneficid to consumers or to firms? To answer this, I 

classified states according to the existence or absence of the various incentive regulations. 

Four such incentive regulations are examined: the demand side management (DSM), 

generating performance (GP), fuel cost incentives (FC) and corporate performance (CP) 

incentives. These nTere discussed earlier in the introduction. Table 3.6 lists the states 

ttiat have these incentives. Each state was assigned a O if the incentive regulation was 

absent and a 1 if it was present. 

1 estimated the relationship between the presence or absence of the various incentive 

rcgulations using the probit procedure. The independent variable was y, which measures 

the consumers bargaining power, while the dependent variable was either DSM, GP, FC 

or CP depending on which regulation was being studied. If these regulations benefit the 

consumer more than the h m ,  we should expect the coefficient for y to be positive. Two 

measures of y were used: yl which was the per-output estimate, and y3 which was the 



aggegate estimate. The resdts are in Table 3.7. The coefficients are negative for all 

of the incent ive regulations, except the demand side management incentives, suggesting 

that the regulations, other than the DSM, were implemented by states that were p r e  

firm. This suggests that these regulations benefitted firnis more than consumers. The 

DSM regulations had mixed results depending on which measure of y was used. This 

suggests that consirmers may have had a desire for less consumption of electricity due to 

t heir conservation c ~ n c e r n s . ~ ~  

Deregulation 

There have been many gestures made concerning a complete deregulation of the electricity 

market, and there are several factors behind these moves. Needless to Say, consumers' 

bargaining power is one them. States that are pro-consumer should be the ones pushing 

for deregulation. These are states that have high y and hence moderate prices and lower 

debt equity ratios, and hence are states where the conditions for deregulation are ripe. 

The debt equity ratios are not as  high and so the hancial  stability of the firms is not 

at peril. In addition, these firms might be more likely to be more technically efficient 

due to the lower allowed prices and other various incentive regulations. Conversely, 

firms in states that had suffered from high prices due to the firms' superior bargaining 

position will be more able to slow many of the attempts at deregulating the industry. 

As discussed earlier, firms in states that have built up a large arnount of stranded assets 

will lobby for a sIowing of the deregulation. How successful they are depends on their 

relative bargaining power. Some states such as California, which was one of the first 

to deregulate, have allowed a full recovery of stranded assets, New Hampshire has not 

allowed full recovew and Pennsylvania has rejected any cornpetition transition charge 

that will allow the recovery of stranded as set^.^^ Interestingly, the value of y3 in California 

is 0.37, in New Hampshire 0.96 and in Pennsylvania 1.09, while the average price in 

66The probits were conducted with the other measures of y. The resdts were robust to the choice of 
y, exept for the DSM regulation. 

re os si ( 1998). 



California was 9.3 c/KwH, in New Hampshire 4.12 c/KwH and in Pennsylvania 4.06 

c/.KwH. Finally, the average capital per output in California is 20.7 c/KwH, in New 

Hampshire is 21.2 c/KwH and in Pennsylvaoia 16.6 c/KwH. This suggests that various 

factors are involved. States with high prices wiil see a push towards deregulation due to 

the pressure exerted by consumers. California can have deregulation and yet the firms 

who have the bargaining power are able to recover their stranded assets which are quite 

high due to the generous regime they have been in. Pennsylvania which has low prices 

and high consumer bargaining power will push for deregulation with no stranded asset 

recover- New Hampshire has low prices, large stranded assets but also high consumer 

bargaining power, but not as high as Pennsylvania, and hence it has deregulation with 

limi ted stranded asset recovery. 

Using the information in a recent Energy Information Administration (EIA) publica- 

tion: 1 classified the states according to their pace of deregulation into five groups.68 1 

assigned a 5 to states that have enacted legislation for restructuring, a 4 for states that 

have issued a comprehensive regulatory order, a 3 for states that have legislation or orders 

pending, a 2 for states that are conducting hearings and a 1 for states that have no activ- 

ity at ail. These are Listed in Table 3.8. This classification does not distinguish between 

states that have allowed full or partial recovery of stranded assets. At the time of this 

paper, 1 nTas unable to construct a full dataset of which states have allowed such recovery 

schemes. Nonetheless, we can make use of the classifications rnentioned. An ordered p r e  

bit mas conducted Mth the level of reform being the dependant variable. The following 

variables were used to investigate which states were a t  which level of deregulation: 

1. y: I ie  should expect states with strong consumer bargaining power to be states 

pitshing for deregulation. Hence we should expect a positive coefficient on y. y1 

was used as representative measure of y.69 

" The Restructun'ng of the Electric Power Industry (1999), published by the ELA a division of the 
U.S. Department of Energy. 

'"The results are robust regardless of the choice of y. Hence, 1 do not report them a i i  in the paper. 



2. The ratio of the firms' revenues to the state GNP. This reflects a measure of the 

transfer from the consumers to the firms. While, firms rnay have been able to charge 

higher prices due to their bargaining position, consumers rnay become frustrated 

and vote for politicians who will re-adjust the relative bargaining positions. Hence 

the higher this share of state income, the bigger the push for deregulation and we 

should expect a positive coefficient. 

3. The state's gross domestic product: This measures the size of the state and gets to 

the question of whether bigger states take bolder steps. 

4. The average debt equity ratio of the firms in a state: This indicates the level of 

firrns' bargaining power and indicates which states where the firm has been extract- 

ing large rents from the consumers, and hence these states may see the pressure 

from consumers to move tom-ards deregulation. Hence, we should expect a positive 

coefficient. 

5 .  The ratio of the expenditures on the various fuels to the total expenditures on fuel. 
Nuclear Expenditurcs Stearn Expenditures Hydro Expenditura Four were Totd Fuel expenditures 9 Tutal Fuel expenditures Totd Fuel expenditura 

,,d Other fuel Expenditures 
lotd Fuel expenditures ' These variables will indicate which states will deregulate 

depending on which fuel is used more intensively in that state. 1 have no intuition 

on the sign. 

6. Capital per output: This measures the ratio of physical capital to output. States 

that have larger capital per output have larger assets that will be affected by dereg- 

ulation, and hence have Iarger stranded assets. These firms will push to slow down 

deregulation and so the coefficient should be negative. 

7. Other operating costs per output: This is a measure of inefficiency (excluding fuel). 

States with inefficient firms may cause consumers to move their state towards some 

change, and so the coefficient should be positive. 



8. Price: A high price state will also spur consumers to demand some level of deregu- 

lation. This should show up as a positive coefficient. 

The results are in Table 3.9. They show that al1 the variables, except price are 

significant and have the expected sigmm What is interesting, as far the contribution of 

this paper is concerned, is that y is a significant predictor of regdatory reform. It says 

that states Fvhere consumers have more bargaining power are states which wil l  take the 

initiative in deregulating. It also suggests that deregdation is viewed by policyrnakers 

as a positive development for consumers. 

Other Issues: Transmission lnvestment and Which State i s  Pro-Consumer? 

Two non-related issues remain. Will firms try to keep their transmission capacity below 

that which is necessary for a competitive market to operate. To answer thkt  1 would 

require data on the transmission capacity per output in each state. Since, E do not 

have this data, 1 used the expenditures of each firm on transmission maintenance and 

operations as a proxy for the firms' cornmitment to transmission. In order to correct for 

a size effect? 1 took the ratio of these expenditures to the state's gross domestic product. 

Finally. I rneasured the correlation between y and the average ratio of expenditures on 

transmission maintenance to gross state product. The results are in Table 3.10, and show 

that the relationship is negative and significant. This is suggestive at  best. It could also 

be interpreted as harsher states leave less money for expenditures on long term projects 

such as transmission. If states with larger ys are the ones deregulating, however, and 

t liese s t ates have lower expenditures on transmission, t han this may explain why t hese 

states. such as California, are not seeing the full benefits of competitive markets." This 

is quite an important issue for policy makers to take into account when designing new 

I redo the regression, but without y and price, with D x price, where D = -1 for 7 < 0.8, D = 1 
for 7 > 1 and D = O othernrise, then this variable is positive and significant. This shows that high pnce 
states wit h consumer power go for deregdation, while high price states with fmn bargaining power resist 
dere,dation. 

"See Borenstein et ai. (1999a, 1999b). 



markets for electricity. 

The 1 s t  question has been the subject of studies in the social choice literature: what 

determines which state is more pro-consumer or les? Navarro (1982) studied what fac- 

tors led to harsh regdators. He found that elected commissions were harsher arnong 

other things. His study used rankings by investment research companies for the various 

commissions. It would be interesting to study whether the estimates of y could also yield 

such results . 1 est imated the foliowing regression: 

= &{number of commissioners) + co commission ers term of office} 

+P3E1+ B4E2 + B5E3 + 06GNP, 

where Ei are dummy variables. El =1 if the commissioners are appointed directly by 

t h e  governor and O otherwise, E2 = 1 if the commissioners are appointed but ratified by 

the state legislature and zero otherwise, and E3 = 1 if they are elected directly and zero 

otherwise. The GNP variable reflects the size of the state and the first two variables are 

evident. The first five variables are reported in Table 3.11 and are taken from Phillips 

(1988; pp. 126-28). 

The results are in Table 3.12. They indicate that the number of commissioners is 

insignificant? but the term is positively linked to consumer bargaining power. This sug- 

gests some degree of independence that allows commissioners to "do the right thing." The 

commissioners directly elected are the most pro-consumer, which is hardly surprising as 

t.here are more consumers than firrns. Those commissioners directly appointed are more 

pro-consumer than those ratified by the legislature, which might suggest some lobbying 

by the firrns a t  the legislative level. Finally the Iarger the state, the more pro-firm it is. 

3.6 Conclusions 

Electricity regdation and deregulation is a very exciting field to study. Much is going 

on al1 ovcr the world as we speak, and this study is very timely in its contribution. The 



chapter develops a theory of regulatory Linance that correctly accounts for the cost of 

capital as well as the instititutional setting. It shows how a regulator who sets both the 

price and capital structure for a regulated firm will behave. A prmfirm regdator will 

allow a high price coupled with a higher debt equity ratio, while a pro-consumer regulator 

will do the opposite. This insight is useful as it allows us to rneasure the preferences of 

replators. This in tuni sets the stage for many empirical investigations. 

The chapter surve_vs the basics of regulation, regulatory finance and deregdation. 

The section defines a natural monopoly and explains why both consumers and firms 

may want regulation. The economic theory of regulation is introduced. This states that 

regulators will set a price for the regulated firm keeping the firm as well as the consumers 

in mind. The survey turns to the topic of regulatory finance. The basics of capital 

structure are introduced. The cost of capital and hence the price allowed is decreasing in 

the amount of debt in the capital structure - but up to a point. Finally various incentive 

regulations and outright deregulation is discussed. A discussion of the California model 

of deregulation is described with some cautionary words for future design. 

The chapter develops a model of regulatory finance. A regdator has to decide upon 

a price that will be aUowed to the regulated firm and a capital structure for the firm. 

The regulator has to balance the consumers' surplus and the hm ' s  profits, but not 

necessarily with equai consideration. The unequal consideration is what will lead to 

different replators awarding different prices, and hence different rates of return, across 

the states. Some states will have higher rates of return than others al1 else being equal. 

These higher rates of return also lead to higher debt cquity ratios. The regulators, 

who are pro-firm, transfer some of the surplus from the consumers to the firms but 

do so efficiently. The key in this result, of course, was that the dernand for electricity 

nras perfect ly inelastic. This assuxnption which could be relaxed, is actually probably 

quit e realist ic. The demand for electricity by the residential and commercial customers 

is usually a function of pre-existing demand and the discretionary component in their 

spending is quite limited. Hence, the theoretical results of the paper are quite realistic 



too. 

The message from this model is that regulators may award high prices but do so 

efficiently t.hrough the capital structure. The other important message is that when 

prices track costs, this is a sign of a preconsumer regulator, while when prices are less 

responsive to costs and more responsive to consumer value the regulator is pro-finn. This 

allows us to infer the regulators' preferences by observing the prices ailowed to the finns. 

This became evident in the empirical part of the paper which will be summarized below. 

The chapter presents a second mode1 that gives some insight into how formulate 

their requests at regulatory hearings. If the firm had a choice in setting its capital 

structure first and then requesting a rate of return: the firm would choose a higher ratio 

of equity in its capital structure. Subsequently, it would ask for a higher rate of return 

on the equity. This is somewhat consistent with two observations. The first is that rnost 

firms request a higher equity ratio in their capital structures as well as a higher rate of 

return than is awarded. The second is that in the study by Nauda and Dasgupta, they 

found that firms who operated under regulators who were classified as harsh to the firms 

had higher debt equity ratios. This is however, the perspective of the firms that would 

have liked a higher equity ratio. 

The second model should not be taken as a model of regulatory requests since the 

niodel is not rich with any institutional features describing the process of regulatory 

hearings. Rather it responds to those who suggest that firms would have an incentive to 

Ieverage in order to influence prices. If anything, firms would want a higher equity ratio. 

An empirical section conducts various empirical exercises based on the theory devel- 

oped. The data was £iom various investor owned electric utilities in the United States. 

It covered the years 1984-1995 and was taken from the income staternents and balance 

sheets of these firms. 

The basic predictions of the first model are tested. Debt equity ratios are negatively 

related to costs and uncertainty. This result is robust to whether costs are aggregated 

or ùroken d o m  into their various components. The only exception was with respect to 



nuclear hel. The data showed that firms that had a substantial use of nuclear fuel had a 

higher debt equity ratio. This suggested some sort of regulatory backing for the funding 

of nuclear plants. It may also validate Spiegel and Spulber's theory of 6rms setting higher 

debt equity ratios when facing an opport unistic regdator. 

The ries? empirical exercise was to estimate the value of the preferences of the reg- 

ulators towards consumers or y. This was done by using the pricing equation that was 

developed from the theory. As stated, when firms are awarded a price based closely 

on costs, then y should be high. m e n  prices do not track costs as much, but rather 

reflect consumer value, then y is low. By utilizing the data on prices, costs, the capital 

structure, and variables associated with the value available such the gross state product, 

1 nTas able to estimate y for the various states. 

There are several advantages to this method. It is the result of theoretically sound 

model: and the estimation is robust to specification which suggests that it is powerfil in 

making inferences about the regdatory environment. It also lets the data speak rather 

t han relying on subjective rankings conducted by investment research agencies regarding 

the value of y. In this aspect the paper is quite innovative. 

The paper explains why a firrn that has a harsh regulator should expect to see its 

market to book ratio lower than that of a firm that faces a favorable regulator. The 

d u e s  of y are shown to be meaningful as they are negatively correlated with the market 

to book ratios of the regulated firms. This allows the use of these estimates of y for other 

cmpirical endeavors. 

One of these endeavors is to investigate the various regulatory environments. The 

incentive regulations n7ere studied to see if there was a relationship between the harshness 

of a regulator m d  which regulations were in place. The Pace of deregulation was studied 

n-ith respect to the consumers bargainhg power. The Pace of deregulation was shown 

to be positively related with whether the regulator was pro-consumer. States that had 

pro-consumer regulators were those that were more likely to deregdate than those with 

pro- firm regulators. Interestingiy, t hough, those states wit h pro-consumer regulators 



had lower investment in transmission capacity which suggests that such firms might be 

at  tempt ing to t hwart the intentions of deremdation 

Anot her political economy application of the paper was to investigate which institu- 

tions gave rise to preconsumer regulators. Characteristics such whether the regulators 

were elected and the length of their term were shown to have some significance in pre- 

dic t ing whet her a regulator was pro-consumer. 

O t her applications of the relationship between the consumers' bargaining power and 

replations could be studied. Environmental restrictions on the regulated firms, service 

requirements and other such non-price regulations could also be investigated. 

The study could be refined further. By getting a better understanding of the details 

of the regulatory institutions in each state, the mode1 could be refined to account for the 

state specific procedures. If the regulatory hearings themselves were used as the source 

of data, then many of the estimation problems identified in the paper could be removed- 

Dereplation may be the vogue these days, but nonetheless this paper is very rel- 

evant. Restructuring is a more appropriate word for what is taking place, as the in- 

dustry is moving frorn a completely re,dated sector to various deregulated sectors and 

re-regulated ones. In the electricity industry, generation is being deregulated while trans- 

mission remains under supervision. Hence, the issues raised in this paper are quite rel- 

evant. Furthermore, bargaining power will be critical in predicting the Pace and nature 

of deregulation. It should be noted that this study can be duplicated for the various 

industrialized countries that have not yet experienced restructuring in electricity, or for 

that matter any other regulated industry. 



Chapter 4 

An Overview of the Thesis 

This thesis addresses two different topics within the context of capital structure. The 

first paper shows that debt can be valuable as a tool for avoiding paying damages to 

victims of the activities of the firm. These victims who ordinarily could collect from the 

firm are nom not able to collect the full amount, because there are other claimants on 

the assets of the firm. 

This result can be thought of as an application of the wious  theories of capital 

structure presented in chapter one. Whereas in the earlier papers interest payments 

allowed firms to avoid paying taxes, debt allows the firm to avoid paying its litigants. 

In previous studies, debt is shown to provide incentives to managers to have the best 

interests of the shareholders. By rnaximizing the d u e  of the firm, debt in this chapter 

does t.he same but by minimizing payments to litigants. 

Dcbt can create wealth and es%ernalities. It creates wealth by transferring assets, 

that third parties nrould have claimed, to creditors. It creates externalities by keeping 

litigants from claiming the damages that are owed to them. Furthermore, it reduces the 

incentives that the firm has to take adequate care that would rninimize the risk of the 

accidents. 

Understanding this d o w s  for the design of efficient liability rules. Negligence is shown 

to dorninate strict liability no matter the  number of tortfeasors. This is important to 



understand when designing legal rules. 

Debt was aiso used as a tool to efficiently transfer wealth hom consumers to firms by 

a regulator. A regulated firm receiving a high price will receive this price but d l  also 

be forced to keep an optimal capital structure. Obsening this allows us to make positive 

inferences about the nature of the regulatory environment. Just as the capital structure 

of firrns in different industries differed due to certain characteristics of those industries, 

the capital structure of regulated firms will also differ according to the characteristics of 

the regulator. Knowing this can shed light on which environments will also deregdate. 

The thesis has shown that capital structure is very important in understanding the 

workings of legal and regulatory regimes. The f is t  paper makes normative statements 

concerning the desirability of leverage while the second provides a positive anaiysis of 

capit-al structure. The size of the pie can indeed be affected by the way we cut it! 



Appendix A 

Proofs for Torts and Bankruptcy 

A . l  Proof of Proposition 1 

The social planner wiil want to  maximize the social welfare function given by (2.4) with 

respect to a and B. The first order conditions respectidy are 

c' (a)  = -p' (a )  L, ( A N  

- {Qf (B)G(B)  + Q(B)g(B) )  < 0- (A-2) 

Let a* be the solution for (A. l), while it is obvious that B = O is the optimal B. 

A.2 Proof of Proposition 2 

The firm will want to maximize the value of the firm given by (2.3) with respect to a 

and B. The first order conditions are obtained by setting and equal to zero. They 

are as follonrs: 

Bi- L 
c ' ( . ) = - ~ ~ ( = ) ( L ( I - G ( B ) + J  I3 ( x - L - B ) ~ ( x ) ~ x ) ,  



G(B + L) - G(B) 

The right hand side of (A.3) is the liability that the 6rm expects to pay. The first 

component L(1 - G ( B ) )  indicates that the firm has to pay L only in those situations 

when the finn has revenues that exceed B. When the firm has more revenue than B + L, 

it has to pay the full amount L. In those situations where, revenues are greater than B 

and less than B + L, it is able to escape part of the liability which is the second expression 

in the right hand side of (A.3). Noa-, since ~:'~(z - L - B) g(r)dx < 0, the right hand 

side of (A.3) is less than L. Hence, the aSL that solves (A.3) is suboptimal. or aSL < a*. 

Note that if B = 0, the second part of the right hand side of (A.3) wodd still be there, 

implying that aSL is still non-optimal. 

The left hand side of ( A 4  is the marginal benefit from debt; which is the probability 

that revenues are between the debt level and debt plus liability level. This is the area 

where the firm is able to partially escape the Liability. Now, the right hand side is the 

marginal cost of debt, which is the extra bankruptcy cost that the h m  takes on when 

borrowing an extra unit of debt. The solution to (A.4) is B > O, which is suboptimal. 

The second order conditions are assumed to hold. They wiU be used later when doing 

comparative statics. 

A.3 Proof of Proposition 3 

The firm will decide whether to be negligent or not. It needs to compare the value of the 

firm giwn by (2.5) with that given by (2.3). When the firm decides to be non-negligent, 

then a = a* and L = O. The first order condition for B is the same as (A.2) implying 

that B = O. Now the firm bas to compare 



with (2.3). If (A.5) is greater than (2.3), the firm will choose to be non-oegligent while 

the converse is true. The firm will stay non-negligent as long as 

The condition in (A.6) is quite simple. The left hand side is the extra cost of being non- 

negligent. The right hand side is the liability that the h m  is expected to pay out plus 

the expected bankmptcy costs. If the e-xtra cost of being non-negligent is l e s  than what 

i t  nlll cost the fum when it is negligent, then the firm would rather stay non-negligent. 

A.4 Proof of Proposition 4 

We are interested in $f and E. Using the envelope theorem. we can see that 

which implies 

-VBBKL + KBVBL -=  
d L  IHI 7 (A-8) 

where IHI = VBs& - (VBa)* > 0: the Hessian of the maximization problem is positive 

as a consequence of the second order conditions, Vss < O. VBa = pt{G(B +L) - G ( B ) }  < 

O.  Va, < O. VBL = p(a)g(B + L) > 0: and KL = -p1(a)(l  - G(B + L) > O .  To evaluate 

the signs of (A.7) and (A.8), we need to evaluate the sign of the numerators. There are 

four possible scenarios, and 1 shall show that three are possible, with one not. 



âB au A.4.1 Scenario 1: < 0, < 0. 

For this to be true, we need 

This irnplies t hat 

which implies that % > % or V,Vgg < (KB)* which contradicts the second order 

condition. This implies that scenario one is not possible. 

A.4.2 Scenario 2, 3 & 4: 

The three esamples presented in the text show that al1 three cases are possible. 



Appendix B 

What happens if Creditors are not 

Senior 

If creditors are junior to litigants, then the value of the h m  is 

In this case. 

Hence? no debt dl be issued. 

Suppose there is a probability ir that the firm is senior to the litigants and (1 - x )  

that  i t  is junior to the litigants. In this case, the value of the f k n  is 



where is the value of the hm according to (2.4) and e2 is the value of the h 

according to (B.1). In this case, the first order condition is 

=O when B is solution for (A.4) -ve 

nhich implies that B < B implied kom (A.4). The firm issues a positive amount of debt? 

but not as much as when the firm was always senior to the litigants. Hence, as long as 

there is a non-zero probability that the creditors are senior to the litigants, the firm wili 

issue a positive arnount of debt and aU the results of the paper hold. 



Appendix C 

Proofs of the Pararnetrized Models 

C. l  Proof of Proposition 5 

Ls is defined as the solution of 

Note that the left hand side is rnonotonic in L, as 

Wien  L = O, then 2\/L (Jq - J-) - Q 8= -Q fi< O which irnplies the 

firm prefers to be have no leverage. As L increases then either the equality will hold at 

some levcl L = Ls. If the equality never holds for any of the feasible values of L, then 

the firm always prefers to be fdly leveraged. This would mean that bankruptcy costs 



are too high and do not warrant leverage. 

C.2 Proof of Proposition 6 

When L < Ls, the firm has no debt and hence a = aSLO = J-. Wheii L < 

Ls7 the firm has no debt and hence a = aSLB = JL (1- B -$). Nos- notice that 

d ( , / L ( l - ~ - + ) )  
L (1 - B - $) < L (1 - $) which irnplies that aSLË < aSLo. In addition - - 

d  L 

> O given the assumptions of the rnodei. Note that if (1- - L) < O 
~ ( 1 - B - : L ) )  

for some values of L then care could go up and then down again. 

C.3 Proof of Proposition 7 

Suppose not. Then the firm would be taking care less than aSL < a*. If it does not 

borrow. then VO = $ - 2 JL (1 - a). Hence 

v O - v N > 0  

which inlplies that 

n-hjch is a contradiction since L < 1 by assumption. Hence, the h n  will not be negligent 

wi th  zero leverage. 



C.4 Proof of Proposition 8 

Lc is defined as the solution of 

Note that the left hand side is monotonic in L, as 

When L = 0. then a (1 - ? d m )  - Q B= -Q B< O which implies the f k n  

prefers to be non-negligent. As L increases then either the equality will hold at some 

level L = Lc. If the equality never holds for any of the feasible values of L' then the firrn 

always prefers to be non-negligent. This would mean that bankruptcy costs are too high 

and do not warrant leverage and hence negligence. 

C.5 Proof of Proposition 9 

When L < Lc, then a = a* = fi > aSLO > asLi: and when L > LC, then a = asLB. 

Since the firm under strict liability would have already fully leveraged and hence it takes 

the same let-el of care as a firm operating under a strict liability regime, 

C.6 Other Proofs 

Al1 the proofs of the multiple torts are analogous. 



C.7 Proof of Proposition 18 & 19 

The key in these proofs is the cornparison of L;, with L*. First note that L* solves 

3 o e  that the left hand side is decreasing in L except for the first term. The left hand 

side is not monotonie, but it increases in L and then decreases. In fact, 

d(~-&(E+r)-f  ( B + L ) ( ~ + B + L ) )  
Now there will be a value of L that solve dL = O. Cal1 this LI. 

For al1 values of L < L' (C.1) is increasing in L. 1 shall assume that al1 the values of 

LJL that  are used in proposition 18 and 19 are greater than L'. If this were not the case 

theri the cornparisons would be more cornplex, as we would have too many scenarios. By 

restricting our attention to those L$L > L' we can simpli@ the analysis. 

Hence. for values of > LI7 (CA) is decreasing in L. Hence when L;, < L*: the left 

hand side of (C.l) is positive which implies that 

or that  the firm prefers to be non-negligent under a joint and several negligence regime 

when L = LSL. The converse is true. 



Appendix D 

Proofs of the Regulated Finance 

Paper 

D. l  Proof of Proposition 20, 21, 22 & 23 

RecalI that  

and let 3 = (V - p)7(F)1-7.  Then 



Setting 3, = O, this yields 

- p  ( 1  - ~ ( 1 -  e )  + e ( i  - T)T{)  + 
V { 1  - ( 1  - B)T + B(l - y )T f  - y ( l  - ~ ( l  - O ) }  + = O 

7 {B(T + c)  + C(l  - ~ ( 1  - O ) )  - ~ ( 1  - 0 ) D )  

which results in (3.3) .  

Setting Go = O yields 4 T f  + ~ ( 1  - O )  = O which results in (3 .4) .  If p - C - D > c, 

then S D  > O and hence more debt is borrowed until 8 > 0. 

Setting 4 = O. and OD = O yield the optimal {p*, D*) implied in the solutions in 

(3 .3)  and (3.4). The second order conditions, evaluated a t  the optima are 

and 

The second order conditions imply that the determinant of the Hessian 

D.1.1 The Case of y 

To do comparative statics with respect to y, we need the following: 



and Sm = O? where S, and 9& are evaluated at {p', D'). Hence, 

and 

D.1.2 The Case of C 

In this c~ase. 

where 3s and SDc are evaluated at { p * ,  D*). Then 



In addition, 

y A  ( 1  - (1 - O)r) + O(1 - y)A(V - p ) y  
< 1. 

( 1  - ~ ( 1 -  O ) )  A + O(1 - y ) ( A ( V  - p)Ttr + Ur) 

dD - - 

D.1.3 The Case of c 

In this case, 

A 3, = - (y (OT + 1 )  + O(1 - ~ F ' ( v  - p ) )  > 
v - P  

e C 

C c- 
aDp - 6 D C  

where 3, and OD, are evaluated at {p* , D* } . Then 

h e app -4s 
- 

dC 
s i g n  

IHI 
= s i g n  

d p  
e 

- - 1 D &DO ( - s i g n  
IHI 

= s i g n  
dc 

C1 c\. 
a D p  - a D C  

c- c- = s i g n  (-+,aDC + SpCSPD) < O e 
P 

c- 
d, + S p c  < O w 7 <le 

-+P 



In addition, 

c'- c'- = sign (-a,~~, + %,%Po) < O * 
n 

D .2 An Expression for $& 

v {(1 - y) (1 - ~ ( 1  - O)) - O(1 - 71%) + 
y {O(T(-) + C) + C(1 - ~ ( 1  - O ) )  - ~ ( 1  - 0)D) 

1 - ~ ( i  -0) - e(i -7)z 

v {(l - 7) (1 - r(1 - 6)) - q 1  - 71%) + 
(-eu - y)&) 

dw* 



dp* (-77(1 - 8)V) (1 - ~ ( 1  - O ) )  -= 
dD* 

< o. 
(1 - ~ ( 1  - 
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Table 3.1: Some Means 

DEBT 
CAPITAL 
EMPLOYEES 
Output (in MWH) 
SALARY 

Max. 
9,505.5 19.5 10 

NLTCLEAR FUEL 
HYDRO FUEL 

Min. Variable 

1715 
1723 
17 16 
1723 
17 14 

OTHER FUEL 
TOTAL INCOME TAXES 
FED. INCOME TAXES 

820 
577 

OTHER INCOME TAXES 
OPERATLNG COSTS 
NET PNTEREST 

,REVENUE 

EQUITV 
Number 

1,220.766.9 19 
2,705,589.230 

3,570 
17,329.220 

108,539.906 

PRICE 
DEBT RATIO 

46,632,582 
5 12.678 

1462 1 4.882.805 

1398 
1723 
1723 
1723 

(DebV(Debt+Equity)) 
Nuclear fuel as % of Total 

Mean 

1,498,452,553 
3,362,108,101 

4.068 
17,759,199 

1 35,625,929 

14,808,655 
138,002,476 
74359,359 

t 722 
1708 

1723 
1715 

I~tearn fuel as 5% of Total 
1 Hydro fuel as % of Total 
Other fuel as % of Total 
% of firms usine nuciear 
% of f i m  using stearn 
5% of tirms usinp; hydro 
52 of firms using other 

4,935,393 1723 
Std. Dev. 

56.O98.5 1 1 
875.460 

89,350,003 
49,914.1 15 
9,742,125 

1.029.01 1.183 
, 1 04,825,93 1 

1.278.2 16.88 1 

2,03 1 

5,920,000 
454 1,038 

12 
143.954. 
735,464 

- 1.172.439 
724.576 

- 132,734,962 

6-45 
0.48 

2.03 1 
2-03 1 
2,03 1 
2,262 
2,262 
2.262 
2,262 

1.284.74 1.494 
8,668,457.35 1 

18,755,280.096 
20,326 

9 1,352,869 
956,048,547 

-32,389 
-257.833 

288,805.568 
1.227.877.9 10 

850.3 15.000 
2 1.368.99 1 

1,195,488.34 1 
1338775 18 

1,469,267,308 

0.098 

1,547.302.690 

43 1,476,966 
6.269.33 1 

i .es 1 1 -98 
.O8 0.1 3 

0.819 
0.043 
0.04 I 
0.387 

-26.83 1.999 
4,495,340 

2,424 
-864.48 1.8 14 

15.05 
0.80 

0.203 

.. 264.090,000 
8.550.40 1.184 

798,166.447 
10.955.2 19,278 

0.292 
O. 196 
O. 144 
0.487 

0.000 1 

0.000 
0.000 
0.000 
0.000 

0.826. 
0.302 
0.69 1 

1 
1 
1 
1 

0.000 
0.000 
0.000 

0.379 
0.459 
0.462- 

1 
1 
1 



Table 3.2a: Dependent variable = Log(Debt1Equity) 

- - -  - 

lvariance of costs 1 -0.000000041 -1.64 
l ~ rowth  of state GDP 1 -3.57 176341 - 1.261 

Table 3.2b: Dependent variable = Log(Debt/Equity) 

Table 3.2~: Dependent variable = Lop;(Debt/Equity) 
Variables 1 Estimate 1 t-stat] 

Variance in costs -0.000000 
Growth in state GDP 1 -4.62259 1 

- 1 .O7 
- - 1.67 

Table 3.2d: Dependent Variable = Log(Debt/Equity) 

\'ciriance of costs 
Growth of state GDP 
R2=0. 1 2220 1 

-0.000000050 
-3.620334021 

N= 1 909 

Variables 
Log?(Hydro/Ou tput) 
Lo~tStcam/Out~ut) 

Table 3.2f: Number of significant coefficients for the year by year regressions when Log(CapJ0utput) 

- 1.59 
- 1 -2 1 

Table 3.2e: Number of significant coefficients for the year by year regressions when Log(Cap./Output) 
included 

Estimate 
-0.009445 1553 
-0.0079627532 

Variable 

positive 

negativc 

t-scat 
4.47 
-3.47 

excl uded 

Log 
(Capital 
/output) 

1 

5 

Variable 

positive 

Log 
(Hydrol 
Output) 

1 

Log 
(Hydra/ 
Output) 

Log 
(Steaml 
output) 

5 

h g  
(S t e a d  
output) 

h l 3  
(Nuclearl 
Output) 

6 

Log 
(Nuclear/ 
Output) 

7 

h g  
(Other/ 
Output) 

1 

Log(0the 
r costsl 
Output) 

8 

Log 
(Otherl 
Output) 

Variance 
of costs 

1 

hg(0ther 
costsf 
Output) 

Variance of 
costs 



. . . . - - -- 

Table 3.3: Estimates and standard emrs of y by state 

negative I 4 I 1 1 1  1 











Table 3.4: Average Marks et to Book Ratios by state 



Table 3Sb: Results of Correlations by Firms: 
Measure of y 1 Correlation p-value 

Table 3%: Results of Correlations by States : 

Measure of y 

Y 1 

Y2 

Y3 
Y4 

Correlation 

-0.09272 

-0.08 193 

-0.4235 

-0.05072 

p-vdue 

0.000 1 

0.0002 

0.000 1 

0.0 196 



Table 3.6: Incentive Regulations by Sute 

Incentive Regdation 
Demand-Side Management 
Incentives 

State 

AZ. CT, CA, CO, FL, HA, I.A. 
IL, IN, US, MA, ME, MD, MI, 
MN.MT,NC, ND,NH,NJ,NY, 
NV, OH, OR, PA, RI, TX, WA, 

Generating Performance 
Inccntives 

VT 

AK, CA, CT, DE, FL, GA. LA, 
MD, MA,Mi,  NJ,NM,NY,NC, 

Fuel Cosr Incentives 

Corporatc Performance 
Inccn tives 

OH. PA. TX, VA 

CA, KY, NY, NC, ND, OH, 
WA; AL, DE, DC, ME, MD, MI, 
NH, SC, VA 
MI, IN, NY, CA 



Table 3.7:Results of Probit of the Incentive replations on Y(Constant omitted from table): 

Resul ts for Y, . . 
Incentive 
Re-mlation 
GP 
FC 
DSM 
CP 

Rcsults for Y3 
Incentive 
Regulation 
GP 
FC 
DSM 
CP 

Estimate 

- 1.42788866 
- 1.26677575 
- 1.82988807 
-3.40780609 

p-value 

0.000 1 
0.000 1 
0.000 1 
0.000 1 

Estimate 

-0.92855634 
-2.1372501 5 
0.205 1033 
_-2.2121902 

p-value 

0.000 1 
0.000 1 
0.2597 
0.000 1 



Table 3.8: Levels of Reform 



Table 3.9: Results of  ordered Probit with the deregulation dummy as dependant variable (Constant 
omi tted): 

Nuclear fuei/Total fuel 
Stearn fueVïotal fuel 
Hydro fueVïotal fueI 
Other fuelflotal fuel 
Log(Capital/output) 
Log(0ther costs/output) 
rLoe(~rice) 

-0.006 14307 
0.0059635 
-0.00203536 

0.1 166 
0.3823 
0.7 182 

-0.0 1495849 
-0.0 182826 
0.1933402 
-0.06496 1 O8 

0.0207 
0.5428 
0.053 1 
0.60Iq 



Table 3.10: Correlation between Y and (transmission expenditures)/(state GDP) 

Table 3.1 1 : Chancteristics of State Commissioners 

Correlation pvalue 
-0.2487 0.000 1- 



Table 3.12: Results of  Regression of  Y 

Variable IEstimate 1 t-value 
Number 1-0.00 1027426 -0.52 

Table 3.13 States by Electricity Reliability Councils 

1 Reliability Council 

1 Western Systerns Coordinating Councif 1 WA. OR. ID. MT. W. CA. W. AZ. NM. CO. UT 1 
1 Mid-Continent Area Power Pool 1 ND. SD, NE. LA. MN 1 

Elecuic Reliability Council of Texas 

1 East Central Area Coordination Agreement 1 KY. IN. MI. OH. WV 
I 1 

TX 

Mid-American Interpol Network 

Mid-Atlantic Area Council 1 PA. DC. MD. DE. NI 

W. IL. 

Nonheas t power coordinating Council NY, CT, RI, MA, ME. VT. NH 

1 Southeastern Elecuic Reliability Council 1 FL. GA. AL, MS. NC. SC. VA. TN 1 




