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Abstract

In the first essay, I consider t‘he’impact of tort liability on firms capital
structure. Tort litigation is not bnly a substantial risk facing firms worldwide,
but is also a unique form of risk, in that it can be exacerbated or mitigat_ed by'
how firms adjust their debt-equity mix. I examine how firms ought to adjust
their capital structure when faced with litigation, -and‘considér various extensions
to basic model. These include the interaction between capital structure, tort
liability and insurance, how the problem changes when several firms face tort risk
and are jointly and severally liable, and the implications that arise from moving

from & one period to a two period setting.

In the second essay, we develop and test a theory of insurers’ choice of
the mix of equity and liabilities. The role of equity in insurance ‘markets and in
our model is to back insurers’ promises to pay claims. when fheré is aggregate
uncertainty, or dependence among risks. Depending on the nature of this
aggregate uncertainty, the equity held by firms in a competitive insuranue market
may increase with rising uncertainty, or it may‘ initialiy increase then decrease.
The ratio of‘ equity to revenue unambiguously increases witlu uncertainty. We test
the model, as well as implications of recent models of insurance market d&namics',

on a cross-section of U.S. property-liability insurers.

In the third essay, I examine optimal contracting with fisk averse
managers. I start from the following observations: (1) managers select projects
and exert effort; (2) risk averse managers make distorted >project selection
~ decisions, and this problefn is increasing in risk aversion; (3) managers with low
risk aversion are attracted to high-power compensation packages. I develop a
‘model where high-power incentive contracts act as screening devices, helping

firms attract less risk averse managers who will then make less distorted project

selection decisions. Optimal contracts trade off the screening and effort-inducing
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benefits of incentive contracts against the deviation from optimal risk sharing.
The resulting equilibrium provides a new perspective on why some managerial A

contracts feature such high-powered incentives, as well predictions for the cross-

sectional variation in the power of incentive contracts.
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Chapter 1

Introduction

In this thesis I examine three different topics in corporate finance. The exact
- nature of the questions posed differ across the three essays, but they are all questions

of importance to business entities.

In the first essay, I examine how firms faced with tort.ljability ought to adjust
their capital _structuré, the mix between debt and equity securities. Tdrt iiability has
expanded enormously over the years. Firms must be aware that a substantial portion
of ;che firm’s assets and cash flows are at risk of being transferfed to tort claimants,:y
“should they win a legal judgment against the firm. The law and economics literature
has advancéd a good deal of study to ways in Which firms ought to seek to mitigate
this problem. One possibility thét has repeived scant notice from scholars Working

in the area is that firms are able to alter their potential exposure to tort risk by

making changes to their capital structure. Specifically, corporations facing potential




legal risk may do better to finance themselves with a greater proportion of debt than

they would otherwise.

Most operational risks affect the total value of the. firm’s cash flows regardless of
how claims to those cash flows are structured. This is not the caée with tort risk.
When tort claimants win a judgment against a firm, the amount they recover depends
on what other promises have been made regarding how the firm’s assets will be
distfibuted. In te‘rms of priority of claims, in}most jurisdictions, tort claimants qoliect
ahead of shareholders, but have equal or lower priority than unsecursd creditors, and
lower priority than secured creditor_s. This implies that when tort claimants win
a judgment against ‘a ﬁrm’, they can collect full}; égainst eduity holders. However,
once the équity share‘ has been e@austéd aﬁd the firm forced into bankruptcy, the

tort claimants either share on a pro rata basis with unsecured creditors after secured

creditors have been paid fully, or tort claimants make no further collection whatsoever.

I develop a simple model where a firm trades off the asset-shielding ar_ld tax advan-
tages of debt against the increased probability of bankruptcy costs. I then consider
extensions to the model, the first considering the availability of liability insurance,

the second considering joint and several liability régimes.

In the second essay, we explore the cross-sectional variation in insurers’ capital

structures: the choice by stock insurers- of the mix of equity and liability. As in

the standard theory of optimal capital structure in finance, predictions of the theory




must rely on specific capital market imperfections. We focus here on the simpiest one:
that issuing and maintaining additional equity is costly. Our model yields testable
" implications with a focus (appropriate for an analysi's of insurance markets) on the

liability side of the market.

We develop the simplest model of an insurance market with costly equity, in a
~ two-period setting. For equity to have any role in an insurance market theré must
" be aggregate uncertainty, or dependence among insured risks; the absence of a law of
large numbers means that equity is necessary to back up promiées to pay claims in the
event of adverse realizations of aggregate shoéks. Acgordingly, the key comparative -

' static issue that we focus on is the impact of increasing aggregate uncertainty.

We test the theory using cross-sectional data on U.S. property-liability insurers.
The focus is on tests of two hypotheses. The first is the implication of the static
model, that leverage is decreasing in aggregate uncertainty. The second is an impli-
cation of pi‘evious dynamic models éf competitive insurance markets that extlernafl
equitylis more costly than internal equity — specifically that there is a positive cost
té the “round-trip” of distributing an amount of _cash’ then raising the sa_mé amount
in external equity. We also offer a link between the recent insuranée market litera-
ture and corresponding empirical results in tests of capital structurve for non—ﬁnaﬁcial

corporations.

In the third essay, | consider the problem firms face when contracting with man-




- agers when there is heterogeneity in risk aversion in the pool of managerial labour. 1
motivate the essay with a number of observations. The first is that managers differ

in their degree of risk aversion, and that a manager’s risk aversion is not observable.

Second, higher managerial risk aversion is costly in two ways. First, higher risk
aversion means that the manager puts a lower value on risky pay. This implies that the
cost of motivating effort exertion is inéreasing in managerial risk aversion. However,
manégerial risk aversion is also costly in terms of motivating correct project selection.
When selecting projects, managers have an.incentive to'choose those that best» ﬁt
their own interests, as opposed to those of firm shareholders. The greater difference -
in risk preferences between risk averse managers and 'v.risk neutral shareholders, the
greater will be the distortion imposed by managers selecting projects accérding to

their own interests.

A third observation is that the market for managerial labour; like any labour
market, is a competitive one. Firms compete with one another for the services of
preferred managers, and managers will choose to work for the firm that makes them

the offer they prefer.

These three observations taken together imply the folloWing. From the second
observation, it is clear that firms prefer lower risk aversion managers. From the

third observation, they must compete against other firms for the services of lower

risk aversion managers. And from the first observation, such competition is difficult,




since a-manager’s risk. aversion is his own private information. Firmé must therefore
develop contracts which serve a,s‘screening devices, designed so that they Will attract
low risk aversion managgrs. Sil;ce all managers prefer mbré pay to less, firms cannot
compete for low risk aversion maﬁagers simply by raising wages. Sinée lower risk
aveysion managers put greater value on risky pay than high risk aversion managers,
firms have an incentive to offer high—powergd contracts as a screening device. Such

contracts have greatef appeal to the targeted low risk aversion managers.

| I develop a model Where firms must compete against one another in the managérial

| labour market to attract managers who are responsible fof both project selection and
effort exertion. In this setting, incentive contracts perform two functions. The first is
to serve fhe tr&di?ional role of motivatiﬂg the correct effort choice. The se.cond is to.

act as a screening mechanism, helping firms compete for the services of a lower risk

aversion manager whose preferences lead to better project se.lection.




Chapter 2

Tort Liability and Capital

_Structure

2.1 Introduétion :

Firms face risk frovm a variety of sources.. One type of risk that has expanded
enormously over the yeafs is that posed by legal liability. Operautin‘g,r in an incre'asingly }
litigious society means that firms muét' be aware that a substantial portio_h of the. firm’s
assets and cash flows are at risk of being .transferred to tort claimants, should they
win a legal judgment against the firm. The law and ecbnomi(is literature has advanced
a good deal of study to ways in Whiéh firms ought to seek to mitigate this problefn.

The ideas range from Working to avoid lawsuits in the first place by exercising greater

care, to purchasing insurance in order to substitute a sure loss for exposure to the
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stoéhastic whims of juries, to restructdrihg the firm so that there are fewer assets
exposed to legal liability‘ One possibility that has received scant'noﬁcevfromdscholars |
working in the area is that ﬁrfné are able to eﬂter their potential exposure td tort
risl.g by making changes tQ their capital structure. Speéiﬁcélly, chpqrations facing
potential legal risk may do better tb ﬁn'dnce themselvés with a greater proportion of

debt than they would otherwise.v

" Since Modigliani and Miller first posited that uﬁder a set of restrictive assump-
tions a firm’s capital structuye does not matter, numerous models have emerged Which
attempt to demonstrate alternative circumstances under which a firm’s capital struc-,
ture might indeed impact the aggregate value of securities issued by a firm. To the
extent that firms have an ob_timal or "target" capitdl -structure, it 1s most commonly
modeled as a tradeoff between some tax advantage provided by debt, versus some in-
creased probability that thé firm will be bankrupt and incur bdnkruptcy costs. This

is the standard tradeoff model.

One way of discussing the standard tradeoff model is to consider the various
parties’ claims to firm cash flows. The firm’s goal, when choosing its capital structure,
is tg maximize the value of claims belonging to valrious groups of security holders
(usually, bondholders and shareholders, although more complex forms are pos.sible);

Maximizing security holders’ claims to assets entails minimizing the value of claims

that will accrue to other parties, such as the government .(taxes) and direct or indirect




bankruptcy costs.

The tradeoff model has had little to say about the specific typé of risk pésed
by a tort judgment. Most operational risks affect the total value of the firm’s cash
ﬂows.régardless of howl claims to those cash flows are structured. This is not the:_
case with torf risk. When tort claimants win a judgment against a firm, the .amount
they recover depends on what other promises have been made regarding how thé
firm’s assets will be distributed. In terms of priority of claims; in most jurisdictions,
tort claimants collect ahéad,vof shareholders, but have equal or 1ower priority than
unsecured creditors, and lc;wer priority than secured creditors. This implies that when
tort claimants win a judgment against a firm, they can collect fully against equity
holders. However, orice the 'equity share has been exhiausted and the firm forced
info bankruptcy, the éort claimants either share on a pro rata basis with unsecured
creditors after secured creditors haQe been pai‘d.f"ully, or tort claimants make no further

collection whatsoever.

' .Thus the effect of tort risk on capital structure involves a tradeoff of its own. To
the extent that tort liability adds risk to cash flows, and decreases t‘he expected vaiue
of cash flows that can .be'paid to other parties, an increase in t_orf liability increases
' the risk of bankruptcy fc;r a given debt level. This may induce ﬁrrrvls' to reduce debt.

On the other hand, as firms’ increase the level of debt in their capital structure, the

more likely that the firm can take advantage of tort claimants’ relatively low priority




to reduce the amount that they are expected to be paid. This countervailing effect

sees firms increasing debt as tort liability increases.’

The purpose of this paper is to determine ho§v firms best ought to use debt, in the
face of tort liability, to maximize the aggregate vaiue pf the ﬁrr'n"s securities. I develop
a sirhple model where a firm trades off the asset—shiéiding and tax advantages of debt
against the increased probability of bankruptcy cbsts. I then consider extensions to.
the model. In the first, thé ﬁrm has the thi(')n to purchase liability insurance,in addi-
tion to setting a debt level, to mitigavtev total expected judgment, tax and bankruptcy -
costs. In the second extension, I explore a situation where two firms face judgment
risk in a joint' and several liability regime. In this setting, each firm is liable for one
half of the total judgment, plus whatever portion the other firm is unable to p.ay.
The section cénsiders how the interaction between the two firms’ capital structure
decisions affects the equilibrium“débt level. Finally, using a twb—period version of the
model, I consider how ﬁrms" optimai target debt level evolves as tort risk changes

over time.

2.2 Motivation and Literature Review

2.2.1 Why is tort liability important, and to which firms?

It is generally accepted that the number of lawsuits in the United States has seen

* a remarkable increase over the years. Tillinghast Towers Perrin estimates that 2004
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U.S. tort costs exceeded $260 billion, or 2.22% of US GDP. That ﬁguf.e represents an
average per capita cost of $886 fnor.eve.ry'citizen of thé United States. Since 1950, the .
_ average annual percent increase in total tort costs has exceeded annual GDP growth
by more than 2 percen;c. Commercial tort costs, the type most relevant to this paper,
have grown at the fastest rate of late. From 1999 to 2004, commercial tort costs

increased at an average annual fate_of 11.6% per year. (Tillinghast Towers Perrin,

‘

2006)

An extremely litigious society, coupled with juries that over the years have awarded
hefty punitive damages with increasing enthusiasm, means that all economic actors

are aware of the substantial risk posed by the potential of tort litigation.

Not all firms are equally likely to face a lawsuit. Certain linés of business natu-
rally engender greater risk _of imposing harm on others, and suffering a judgment as
a result. Tobacco,b waste management, firearms, chemical manufacturing, medical de-
vices and pharmaceuticals are examples of the industries where the very nature of the
business leads to risk of imposing harm oa others. This in turn leads to the potential
for litigation on a massive scalé. States’ 1990’;s litigation against the large tobacco
companies, and a slew of recent class action suits againsfc Mefck for the manufacture

of Vioxx are just two examples.

-Firms affected by asbestos litigation have been hit particularly hard. Over 6000

firms have faced asbestos-related lawsuits, and the vast majority of these firms were
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not involved in the manufacture of asbestos producfs. In more than 60 cases, the

litigation led directly to the defendant firm’s bankruptcy. (Carroll et al 2002)

- While tort risk varies across iridu.stries, no firm is immune, and operating in any
lirie of business can lead to litigation. The Loewen Group, an aggregator of funeral
homes, was involved in what appeared to be a. minor dispute over a few million dollars
in service contracts. This situation 'eventually led to a $5OOM‘judgment against
Loewéii, bankrupting the firm, by the time a Mississippi jury was dorie deliberating
the case. While firms in certain industries are at particular risk of finding themselves

defending tort claims in court, the fate can potentially. befall almost any firm.

2.2.2 Why tort liability matters from a capital structure per-
spective

An drgument that tort liability deserves special consideration when considering a
firm’s capital structure must include an explanation of how tqrt liability differs from
other forms of risk the firm faces. If tort liability weré meiely a stochastic reduction
in the firm’s terminal cash ﬂows, analyzing it separately from other forms of cash flow

risk would not yield any particular insight.

The important distinction with respect to tort liability risk is that its potential

impact on firm value depends on how claims to the firm’s cash flows are structured. |

For example, unlike a $100M reduction in the value of firm assets due to changing
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product market conditions, a $100M j'udgment against a firm does not necessarily
redﬁce the value of a irm’s assets by $100M. Tort claimants can collect their judgment
only up to the value of equity secufities. Once fhe firm’s equity is v'e.xhau'sted anal the -
firm is forced into bankruptcy, tort claimants are left to collect as much as fheir claim

as they can from the firm’s assets after more senior creditors have been paid.!

In the standalid tradeoff model, a ﬁrm faced With a negative stochastic impact
to-cash flows will tend to mové to a lower debt level. Expected tax savings are
diminished, and the probability Qf facing bankruptcy is increased. This is not nec-
essarily the case with tort liabﬂity. The. dollar value of ﬁrra assets actually paid to -
tort claimants is limited to the value of the assets not promised to higher prioi“ity
claimants - for thé purposes of this paper, the debt holders. Thus while increased
tort liability brings with it the increased probabi.lity of bankruptcy, and therefore the
- increased probability of incurring bankruptcy costs, it also brings greater potential
- savings due debt. In addition to. debt providing a tax advantage, for a ﬁrm faced
with tort liability it also p.rovides an "asset shieiding" benefit: a dollar of cash flows

promised to debt holders cannot be fully expropriated to pay tort claimants.?

1See Painter (1984) for a detailed descriptioh of tort claimant priority with respect to other
creditors. Depending on the jurisdiction and other circumstances, tort claimants have either (a)
lower priority than secured creditors and equal priority to unsecured creditors, or (b) lower priority

than all debtholders. For the purposes of this paper, tort creditors are assumed to have lower priority

than debtholders. "Debt" as described in this paper should therefore be interpreted as being ‘an
instrument that gives its holder higher priority than tort claimants.

2The comparison between the standard tradeoff model and a model involving tort risk starts in
Section 3 with the simplest comparative static results.
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The fundamental difference befween an op.erational risk that may potentially neg-
ativevlyv impact cash flows and tort liability is tﬂat --unlike tort risk- the pbtential
loss from the operational risk cannot be mitigated by adjuéting thé firm’s relative
amounts of debt and equity ﬁnahcing.‘ While optimal capital structure is affected
by the operational risk, the operational risk to cash flows is not affecﬁed by capital
structure. On the other hand, the magnitude of potential tort liability is affected by .
cgpital strqcture. Wheﬁ considering how to deal with tort risk, the firm doesn’t only.
consider the costs that would corhe with financial distress; financial distress provides
the advantage of shielding some of the firm’s cash flows from tort claimants" reach,
reducing the ex ante value of their claim. Because these two effects work in opposite
directic\)ns, the direction of the impact of tort risk én- oi)timal capital structure is not

immediately obvious.

_ In other ways expected tort liability is simﬂar to a ﬁrm"s expected tax liability.
Both dépend on the firm’s capital structure, and represent expected cléims on>ca'sh
flows to be paid to parties other ith‘an-a firm’s security holders. However, a firm’s
tax liabiiity is not in itself stocha‘s‘tic. While the exagt realization of a ﬁrm;s tax bill
is uncertain ex ante, it is a detérministié function.of the firm’s eventual caéh flows,
promised payments to debt holders, and the residual C&Sh flows accruing to equity '
holders. A ﬁrm’s expeéted payment to tort vclair_nants also depends on the firm’s cash

flow and the relative mix of debt and equity. Tort liability is not a deterministic

function, in that the future decisions of judgés and juries are uncertain. Another
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crucial difference is that tax liability does not tend to push a firm into bankruptcy,.

while an unfavourable tort judgment most certainly can.?

Finally, as I demonstrate in Section 5, tort risk in;/olves interesting Vinteractions
or externalities among firms in their capital structure de.cisio‘ns. This moves capital
structure from the realm of a single agent decision to game theory. The externalities

' give rise to multiple equilibria, where aggregate debt levels can end up being much
higher or much lower than they would be in the absence of the interaction betw‘een

agents’ decisions.

2.2.3 Tort liability and bankruptcy -

‘To date, there is little in the way of research into how firms adjust capital structure
when faced with tort liability. However, there are numerous éaseé, many high profile,
where tort judgments have pushed firms into bankruptcy. This possibility must be
faken into .account when firms determiné their capital structure. Any assumptiqn to
the contrary strainé credulity.

Among the most high profile instances of a firm going bankrupt as a result of
lawsuits is the Johns—Manville company. One of the earliest cases of a "mass tort",
the asbestps manufacturer soon became deluged by lawsuits from plaintiffs alleging

health problems as a result of exposure to the firm’s product. In 1982, Manville filed

30f course, it is possible that an unpaid tax bill on a firm’s past earnings could lead to the
firm being forced into bankruptcy. However, this situation would be analogous to the tax collector -
winning a "judgment" against the firm, and would therefore fit into the model as a form of tort risk
liability. ‘
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)

for bankruptcy under Chapter 11, "not because of an inability to meet its current
_ debts, but rather because of its anticipation of massive asbestos personal injury claim

liability in the future" (Vairo 2003)

While Manvillewas one of the first firms to go bankrupt as a result-of aeeestes
‘ liability claims, it was certainly not the_ last. According to the Rand Institute for
Civil Justice, over 6000 firms in nearly every indu's',try“ have faced at leasf one lawsuit
.related to asbestos liability; For most firms the cost is negligible relative to firm assets,
but over 60 firms have filed for bankruptcy as a direct result of asbestos litigation.

_ (Carroll et al 2002)

Aed cases where litigation leads to bankruptcy are eot limited to asbestos. Other
high profile cases include that of Dow Corning, which filed for bankruptcy in 1992,
ewash_in litigation stemming from injuries caused By breast implants, and A H.
Robins, which ’ﬁled for bankrupﬁcy in 1985 as a result of litigation related to its
Dalkon Shield. intrauterine device. There is little in the way of comprehensive evi-
de;lce linking tort liebility and bankruptcy. However, a wealth of anecdotal evidence
suggests that this type of problem does occur frequently, and to large firms, and thus

motivates an examination of the logic of optimal capital structure for'ﬁrms facing

tort risk.




16
2.2.4 Judgment proofing

Using capital structuré to reduée exposure to tort liability risk is.only one means
by which firms are able to reduce their exposure to lawsuits.. Other methods exist,
with one éf the most common, and most commonly studied, is to create "narrow
entities". That is, to the extent that éertajn Vrisky lines of business likely to lead
to tort liability can be isolated from the rest of the firm, then this is what the firm
should ‘do.* If the risky behaviour gives rise to a lawsuit, theﬁ plaintiffs Will be left
to sue an entity whose pockets are much less vdee_p than 'f:hose of the firm as originally

constituted.

.Rjngleb and Wiggins find evidence related to this form of judgment proofing.
Their proxy for lawsuit 1iability is industry worker exposure to carcinogens. After
con‘prolling for various other possible explanatory factors, they find that the proportion
of small firms operating in a given industry is significantly positively correlated with
the degree of worker carcinogen exposure in thaﬁ iﬁdustry. They take this as evidence
that firms operating in industries associated with potential judgment 1fisk tend to be‘
smaller, énd therefére have fewer assets.

The pfopensity of ﬁrfns in risky industries to operate as narrowly as possible
does not obviate the need to consider asset shielding ﬁhrough capital structure as an
alternative, or in some cases complementary,_ techniqué. In some instaﬁces, it may

not be possible to separate risky activities from less risky activities. While it was

4See Lopucki (1998) and Roe (1986) for discussion of these ideas in detail.
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logical for the RJ Reynolds tobacco business to be split from the Nabisco division, it
would be impossible for RJ Reynolds to further separate sales of the cigarettes that
cause cancer from those that don’t. When a risky activity is the core of the firm,

further separation is simply not feasible.

Further, in some instances, a cost must be incurred to set up narrow entities.
If a risky activity is integral to a firm’s broader activities, and the efficiencies from
keéping the risky divisioninternally outweigh the foregone expected tort judgment

savings from not spinning it out, the firm will keep the division internally;

There may be legal impediments to judgment proofing. For examplé, legislators
may mandate that firms performiﬁg certain activities have sufﬁcientlresources to
pay potential litigants in the event that they cause a tort. This requirement would
normally be satisfied either by minimum asset requirements or by compulsory liaibility

insurance.”,

As Well, U.S. law provides a meéns of reducihg the advantage of judgrnent proof-
ing through the creaﬁon of a narrov.v entity. Courts Have the power to ”pi‘ercei the
corbora,te veil"; that is, in some instances courts hold shareholders _of a tortfeasor
firm liéble beyond the value of their shares. This is most likely to occur exactly when
the firm has structured itself narrowly. 'Ac;:ord.ing to Be.rgmann, "cdrporatiéns are

expected to operate with a certain minimal level of assets that takes into account

5See Shavell (2005) for a more detailed discussion of these types of solutions to judgment-proofing
problems as well as an analysis of how such requirements affect incentives with respect to making
care decisions to avoid accidents in the first place.
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the particular nature and risks of that enterprise". (Bergmann 2004) In other words,
creating a narrow entity éolely for the purpose of performing risky tasks in order to

shield assets against simply may not work.

Finally, even in cases where as narrow an.entity as possible is established, and
assuming that the entity has been establ\ished in such a way that the courts will not
-engage in veil piercing, that entity will still face potential tort judginent lbiability.
That firm ﬁust make a capital structure decision 'in the presence of that l.ial.oili.ty,

making the research questions posed by this paper relevant for that firm.

2.2.5. Previous research

In the law and economics literature, there has been some research that Co‘nsiders
the role bankruptcy (and by extensioh, capital structure) has to pléyAin the context of
a firm that faces tort liability. However, the focus has largely been on how tortfeasors
behavé gi.ven the potential for insolvency. Huberman et al (1983) consider how an
economic entity will fnake an insurancé decision when liability has the potential to
make it insolvent. -They find that bankruptcy protection leads firms to lower levels of
insurance than would be optimal othervs‘/is‘e.6 Kornhauser and Revesz (1990) consider
how the potential for insblvency will affect_a firm’s decision as to the level of care it

will take to avoid incurring a lawsuit, under different liability regimes. These, and

6The result is driven by the notion that an insurer must pay for damages caused by the firm
even in states where the firm is insolvent. As such, when insurance is fairly priced from the insurer’s
perspective, the firm pays for coverage even in bankruptcy states where it has no need for insurance.
Because the firm is paying "too much", it has an incentive to back away from full insurance.
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other similar papers, generally ‘takes-th.e probability that the firm becomes insolvent
to be exogenous. That is, the firm does not make a capital structure decision in these
models. As I make clear in this paper, this is problematic, as capital structure is an

endogenous decision made in the context of all risks facing the firm, including tort

risk.

Other papers consider how different regulations regarding lender liability affect
firms’ actions. Heyes (1996) studies how making lenders liable for some part of .the '
damagés caused by their debtors affects Both firms’ cost of capital and level of care .
takén to avoid‘causing torts. Pitchford (1995) considers a similar question. Both
conclude that the equilibrium cost of ‘capital will (most likely) increase, but that the
effect on ﬁrms; decision with réspect ﬁo level of care is ambiguous. Yahya (1988) is
closest in spirit'to this paper, in that he allows ﬁrms to choose both a level of debt
aﬁd a'degree of care, and considers how the firm’s decision changes under a variety

- of liability regimes.

By contrast, this paper seeks to make no recommendation as to how the legal
system ought to be structured. Rather, the question posed here is to consider how

the tort liability system, as constituted, will cause firms to respond to tort liability

with changes in their capital structure.
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2.3 Basic Model

2.3.1 Continuous firm returns framework

Consider a firm with the opportunity to pursue a one-period investment project.
Fbr‘simplicity, assume that the risk free interest rate is zero, and that the project’s

risk is entirely idiosyncratic. Investors are fully rational and risk neutral.”

Static tradeoff between cost of financial distress and tax savings

The firm must choose its time Zero capital structure, which will be a combination
of equity, with a time zero market value So, and one period debt with a promised
time 1 payment D, which has a time zero market value By. Define V; as the sum of

the time zero market value of the securities issued, Vp = Sy + By.

The pr&)ject’s terminal value is stochastic, and has a cumulative distribution func-
tion G(V) and associated probabiliﬁy density function g(V'), with G(Vii) = OIand
G(Vimax) = 1. The firm féces a tax rate 7 on the time 1 payoff to equity , while
debt holders’ yeturns are ﬁot taxed. In the event that the realization of the project’s
terminal value is less than the face value of the debt, i.e. V < D, then the firm is

bankrupt, and incurs fixed bankruptcy cost C. By assumption, C < Vain-

< : ~
"This is equivalent to assuming that the risk facing the firm is.idiosyncratic, and investors are
well diversified. '
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The market value of debt is given

D . ‘ Vinax

By = / (V ~ C)g(V)A(V) + / Dg(V)dV (2.1)

Vmin D
while the market value of equity is given

Vinax N .
Sp = / (V — D)(1 —1)g(V)dV | (2.2)
D

The expected bénkrup_tcy cost, Cy, is the cost of bankruptcy should it occur times
the probability that the firm goes bankrupt. This can be expressed

S a=[ovay 3

min

while the expected tax bill, Tg, is

Vmax
T, = / (V = D)rg(V)dV
= % (2.4)

The expected value of the firm’s cash flows is

Vmax
BV) = / Vo(V)dv
Vmin

= By+ Sy +Cy+Th : (2.5)
"in contrast to the market value of the firm’s securities, V,, which is

Ww = Bo+ S

= BE(V)=Co—Tp (2.6)
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The firm’s caf)ital structure does not have an effect on the probability distribution
governing the total cash flows to be shared between claimants. Therefore, the value
ma.iimizing level of D is that which minjrrﬁzes the sum of expected bankruptcy costs
and the expected tax bill. Since % > 0 and %% < 0, there is a value‘D*', Vain <

D* < Viyax that maximizes ex ante firm value V,. This promised debt level occurs

9y _ _ 9Ty
where = =35

Introduction of legal liability

Consider' now the saxﬁe firm, faced‘ with the probability p that a ﬁort litigant
will eppear, 'successfully'sue the ﬁrm,_ aﬁd win a judgment J- to be paid from the
terminal asset valuevV. The claim has higher priority than equity, but lower priority
than debt.8 The expected payout to tort claiments (and the expected cost of tort

liability), Jo, is given

_ Vinax . DtJ
n=p| [ Joviav+ [v-D-cryiav @7)
+J D+C ‘

The whole expression is meltiplied by p, which is the probability that the plaintiffs win
a judgment against the firm. The ﬁrst term inside the brackets repfesents the range
of terminal asset values where the firm is solvent, and must pay the tort claimants
in full. The second term represents terfninal asset values where the firm is bankrupt,
and the tort claimants enly collect their_ judgment after bankruptcy costs are paid

and debtholders are paid fully. For asset values below D + C, tort claimants receive

8This is a simplification, in that in some jurisdictions other priority rules may apply.
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nothing. -

The market value of debt is

D Vimax D+C

Bo= [ (v—CyWav+ [ Deyav+p [ (v =D—C)g(v)av  (28)
V,Z,, D/' 1!

The first two terms represent the market value of debt if there were no tort risk.

The third term represents the impaét the expected tort judgment has on the value of

debt? ' ' ‘ .

The market value of equity is expressed

So = (V —D)(1 —1)g(V)dV
,Z 4
D+J Vinax .
—p (V—-D)1—-71)g(V)dV + J(1 =71)g(V)dV (2.9)

The first term is a standard expression for the after-tax value of equity. The sec-
ond term represents the expected cost to equity holders if the firm loses the tort

judgment.'®

Expected bankruptcy costs are

D+J

- Cp = /C’g(V)dV+p / C'g(V)dV‘ : R (2.10)

9Since debtholders have priority, the size of the judgment, J, does not affect the value of debt. The
effect is through the increased probability of bankruptcy in the event of losing the judgment. When
tort claimants win the case, debtholders bear some portion of the bankruptcy costs for terminal
asset values between D and D + C. :

ONote that the expected transfer to tort claimants is also calculated on-an after-tax basis.
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The first term is the expected bankruptcy cost in the absence of tort liability, where

the second term measures the expected increase in bankruptcy costs brought about

/
)
v

by tort liability.

Finally, the expected tax bill is

. Vmax . Vmax

vR.:(LmX/WADhﬂW@Wm/RV—D—Q@WMV
- T s | - | (211)

Once again, the market value of the securities the firm issues depends on the amount

of debt issued:

Vo = So+ By

= EV)=Co—To—Jdo (2.12)

The goal of thé‘ firm is to set‘the debt leyel that maximizes the aggregate value 'of debt’
and equity. As can be seen from eqﬁatioﬁ 2.12 , this is equivalent to setting the debt
level, D*, that minimizes the sum of expected baﬁkruptéy, tax and tort judgmént
costs. The reformulated first order condition is therefore that the :optimal debt level

is chosen such that 8(0%?“0) =0.

More detailed analysis depends on the distribution of firm asset returns. Com-
parative statics are unwieldly in the general case. As such, further analysis of how

the optimal debt level changes is best conducted by studying specific distributional

forms for the firm’s asset returns.
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{

Uniform distribution

Comparative statics are facilitated by making a distributional assumption regard-

ing firm’s asset returns. Assume that V' is distributed uniformly between Vi, and

!

Vinax, 1.e. that g(V) = y—=—. The expected costs are then:
C[D+pJ— Vmin] . ‘ )

C , 2.13

0 Vmax - Vmin ( )
1C? — J(C+ D+ 1iJ — Viax)

g p2Y T 2]~ Vmax 2.14
0 P Vmax - Vmin ; ( )
: 1D?>+pDJ + 1pJ? — (D + pJ)Vmax + V2

Ty = 22 TPDI A 5P = (D4 P T Vi + Vi (2.15)

Vma.x _'Vmin
Taking the derivative of the sum of the cost functions, setting to zero and solving for

D yields
’ c 1- -
D* = Vi — = + ——pJ (2.16)
T T
This can be.compared to the firm’s optimal debt level in the absence of tort liability,

which is

D?}:O = Vmayc - ’g‘ - (217)

"Since the tax rate, 7, is defined over .0 <71 <1, the thimal debt level is‘ increasing
in the both the size. of the judgment to be paid if the firm loses the case (J) and
the probability of having to- pay the judgment (p). So for thé-;:asé where the firm’s
.cash flows are distfibuted uniformly, an increase in the expécted judgmen‘é pJ leads

to an increase in the optimal face value of debt. This implies that the expected

costs stemming from the increased probability of bankruptcy brought about by an
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increase in expected tort liability are outweighed by the asset shielding advantages of

a relatively high debt level.

Importance of claim pridrity

The move away toward debt in the face of an incfeasing expected tort judgment
highlights the importanqe of the priority of claims. In the above model, tort claimants
cbllect only after debt holders have been paid. Tort claimants are, in effect, similar
to involuntary subordinated d.ebt'holders.11

To see the importance the asset shielding eﬂ?ecfs of debt, considgr the solution
when tort clatmants have priority. Here the firm still chooses a debt level to minimize
the sum of Jy, Cy and Ty; to reflect .the' change in priority, jo = bJ . Firm returns
are assumed to be uniformly diétributed over Viin, Vimax. For this speciﬁcation-, the

~optimal debt level is
D= Vmax — g —pJ (2.18)
With the asset shielding benefits of debt gone, the ﬁrnﬁ reduces its target debt level

as the expected judgment increases.

This specification allows to consider a simple decomposition of the two effects on

the optimal debt level that stem from an increase in judgment liability: the increase

1 This analogy is only approximate. J represents the face value of the subordinated debtholders’
claim, while, in a debt issue, it would be most likely that p = 1, as most debt issues require
an attempt at repayment in all circumstances (lottery bonds and catastrophe bonds being exotic
exceptions). ' '
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in expected bankruptcy costs, and the debt advantages of asset shielding. Since D~

is the optimal debt level in the presence of increased bankruptcy costs without the

benefits of asset shielding, the bankruptcy cost effect can be defined as

~

D*—D%_y=—pJ (2.19)

The shiftvcau_sed by the asset-shielding advantages of debt, when debt has higher
priority, is then calculated
A 1
D*—D*=—-pJ (2.20) -
: e
In the uniform distribution case, with-0 < 7 < 1, the asset shielding advantages of

debt outweigh the associated bankruptcy costs, and increases in tort liability lead to

an increase in the optimal debt level.

Fraudulent conveyance

An important consideration for firms that choose to use capital structure as a
defeﬁce against tort liability is whether or not their chosen _capital structure will
stand up to tort creditors’ efforts to collectv. As ‘is tr.ue with any judgment propﬁng
technique, there exists the risk that capital structure »defences rnay be overturned. In
this eventuélity, the court would rule £hat setting a high debt level was done solel);
for the purpose of redﬁcing the claim ér tort creditors. The court would then beina -

position to declare that the firm’s capital structure amounts to a form of fraudulent "

conveyance, and award tort claimants higher than anticipated priority, thus rendering
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the firm’s efforts to insulate its security holders from tort risk moot.

In the one-period model described abovg, the risk that the firm’s defensive strategy
would be overturngd can be _‘introducéd relatively simply by assuming that Whategfer
the firm’s chosen capital strucfure, there exists the probability o that tort claimants
will be awarded higher pﬂprity than de‘t‘)tholdersv. Ih this case, for a firm Whose asset
returns are uniformly distributed (as above), the ﬁrm’s probleni becomes to minimize

the sum of

C[D -+ pJ — Vmin]

C 2.21
0 Vmax>* Vmin ( )
" 1iD?2 4 pDJ + tpJ? — (D + pJ)Viax + V2
T = 72 2 : max max 2.22
0 ! . Vmax - Vmin ( )
©  2C?—J(C+ D+ 3T — Vinax
Jo = apJ +p(l—a)? ’-(v — 2 } ) (2.23)
The optimum debt level is
C 1—-7-
D* = Vipax — = + ———2pJ (2.24)
T T

which implies that debt is decreasing in the probdbility o that the firm’s defences
will be overturned. This is not surprising, given that the expected asset shielding
benefits of debt decrease in a, while the expected tax and bankruptcy costs remain

the same.!2 "

As the expected judgment cost pJ increases, changes in the optimum debt level |

12Thel increase in the expected judgment cost comes at the expense of debtholders, the value of
whose claims would fall should a court award tort claimants higher priority. Since debt is fairly
priced, increases in « decrease the time O value of debt.
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are no longer necessarily strictly increasing. It is readily apparent that

oD* 41 —-T—« '
i (2.25)

implying that if the sum of the tax rate, 7, and the probability ovf claim briority being
changed in favour of tort creditors, «, is greater than 1, then incf_eases in the exr;eéted
Judgment result in the firm using less debt. The'vintuitionl is that for sﬁfﬁciently- high
Yalues of a, the expected asset shielding benefits of debt are reduced ﬁp the point thaﬁ

they -are overtaken by the associated increased expected bankruptcy costs.

2.3.2 Discrete firm returns framework

i An alternative specification is one v;/here the ﬁrrh’s returns fo'llowv a discrete prob-
ability distribution. Consider the firm in the previous. section. Instead of firm cash
flows following a éontinuous distribution between V;, and V.., suppose that the
cash flows follow a binomiai distribution. At time 1, the firm’s return is V;, with
-brobability (1 — q) and Vy with probability q All other\variables are as defined in

the previous section.

Tradeoff between financial distress and tax savings B

I begin by reviewing the standard static tradeoff model. The market value of debt

and equity, as well as expected bankruptcy costs and the expected tax bill, depend




. on the promised debt payment D. The market value of debt is

;

D for DLV,

By = 1-q)(VL—C)+gD for V<D< Vy |

L (1—Q)VL+C_]VH—C for Vg < D

while the market value of equity is

;

((1—(])VL+QVH—D)(1—7') for DLV,

So={ aVu—D)1-7) forV,<D<Vy

\

0 for Vg < D
The expected tax bill is -

To = S()

1—7
while expected bankruptcy costs are ‘
( \
0 for DLV,

Co=9§ (1-¢)C forVp<D<Vy

C for VH<D

\ /

The ‘expected value of the firm’s cash flows is

EWVi) = (1—q)VL+qVu

- = B0+50+T0+Co
~while the market value of the firm’s securities is given
Vo = By + Sy

= E(V)—To—Co
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(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)
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This implies that the market value of fhe firm is maximized when the term (Ty + Cp)
is minimized. It is clear that for D < Vy, %1 < 0. However, since bankr_uptcsf costs
“are fixed should théy occur, and the probability'of incurring these costs only '_increése_s
at the debt levels D = {VL, Vu}, the solution Wiil be one of these two values. The

mai'ginal expected tax savings from moving from debt level D : VotoD = V}I are
Toy, — TO,VH--: T7q(Vu - sz (2.32)
While the mafginal' expected bankruptcy costs are
(1- q)>C ' . ‘ (2.33)
Define C as:

q.

C =
1—q

T(VH - VL) s ‘ (234)

Then for C' > C the firm will set D :VL, and for C < C the firm will set D = V.

Introduction of legal liability

~ Consider now the same firm, faced» with .the probability p thaf a tort litigant will
appear, successfully sue the firm, and win a jﬁdgment J to be pémid from the terminal
asset value V, with priority higher than equity, but lower than debt holders. As in
the pfevioué sec;cion, the ﬁrm"sbpr(.)blem is to set a debt leyei that maximizes the
mé,rket value of its securitie;s.' However, .unlike the previous section, the firm mﬁst

additionally cohsider the risk posed by tort liability. On one hand, tort liability

" increases the risk of bankruptcy for a given level of debt, which would suggest a shift
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to a lower promised debt payment. On the other, where debt holders have priority
over tort claimants, higher debt means a lower expected payment tovtort claimants,
suggesting a shift toward a higher promised debt payment. The net effect will depend -

on parameter values.

Once again, it is possible to consider a finite number of debt levels. For all debt
levels D < Vy, a small increase of € in D decreases the expected tax payment.
However, if at debt level D, shifting to D + ¢ does not leadA to an increase in the
expected bankruptcy cost, then D is not a poﬁential solution. An ¢ increase in debf
always leads to a decrease in the tax bill, and sometimes to a decrease in the expected
judgmentpost. Using this' logic, one can easily show that the set of adrﬁissible debt

levels which may solve the firm’s problem are D = {V}, — J, Vi, Vi — J, Vir}.

Given the possible debt levels, and assuming J < (Vg — V) and V, > C + J, the
expeéted cost of tort liability is
s )

pJ for D=V, —J

Jo=1< pgJ for D=V, Vy—J (2.35)

0 forD="Vy

\

Expected bankruptcy costs are

0 forD=V,—J

p(l—q)C for D=1V
Cy = - o (2.36)

(1-¢)C for D=Vy—J

(1—gqg+pq)C for D=Vy
\ . .

J
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The market value of debt is

( 3\
VL—J fOI‘DZVL—J

Vi—-p(l—q)C for D=1V, '
- ! (2.37)

1—q)(Vp —C)+q(Vy—J) for D=Vy—J

\ 1-q(VL—=C)+q(Vyg —pC) for D=Vy

"and the market value of equity is

( )

(l—T)(q(VHV—VL)%—(l —p)J) forD:-VL— J

(1 - T)Q(VH - VL -—pJ) for D = VL
So = ¢ : - (238)

1-7)g(—-p)J forD=Vy—-J .

0 fOI‘D:VH

\ - /

Tax is once again defined relative to equity,

Ty = S | | O (239)

1—7

The solution to the firm’s problem is to choose a pfomised debt payment from
the set D = {V, — J, Vo, Vg — J, Vi } such that the sum of expected bankruptcy, tax
and jﬁdgment costs are minimized. Define C(D) as the total expected costs from

choosing debt level D. The total expected costs from each of the four choices are

CWi=J) = qr(Ve—Vi)+lp+r(1—p)J (240)
CUA) = p—q)CH+pa(l—1)+ar(Vu—Ve) (241
CVu=J) = (1=q)C+alp+7(1—p)J | (2.42)

- C(Vy) = [1-q)+gpC | (2.43)
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As the firm moves progressively through to higher debt levels, the bankruptcy costs
increase. To offset this effect, the expected cost of the tort judgment decreases (in

bankruptcy states the firm doesn’t pay), and expected tax costs decrease as well.

Depending on the pérameter values, any ofvthe four debt leveJls may prove to be A
optimal. Unlike the continuous case with a uniforiﬂ distribution, t}ie optimal debt
level is not necessarily increasing in J. At low levels of J, firms are more likely to
choose to accommodate the probability of facing a judgfnent by choosirig either V, — J
or Vy — J; as the potential cost of the judgmént, J, increases, at some point the firm
will'no longer choose to accommodate the judgmeﬁt, and will s‘hift. to either debt level
Vy, or V. If the potent.ial judgment becomes sufficiently lafge relative to bankruptcy

costs and other parameters, the firm will choose the maximum debt level, V.

The following diagram illustrates the potential for some firms to go through the
entire range of possible debt choices depending on the level of the potential judgment,
J. For the set of {V;, = 100, Vy = 200,p = 0.5, = 0.5,7 = 0.5,C = 65}, the optimal

debt level D* is on the vertical axis with the. potential judgment, J, plotted on the

horizontal axis:
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Figurg 2.1: Choice of debt level for given sizes of judgment

" In this example, in the a,bseﬁce of tort liability, the firm chooses V. As the potehtial
judgment, J, increases, the firm initially chooses Vi, — J, meaning that debt decreases
dollar for dollar as J increases. At a criticeﬂ point, the optimum jumps to Vg — J . -As
the potential judgment continues to increase, the firm evenfually switches to a debt
Iével of V. In this range, the optimum debt level is locally insensitiv.e to changes in

J . As'J becomes sufficiently high, the firm moves to maximum debt, Vy.

The non-monotonicity arises in the discrete. case because at low levels, small in— :
creaées in vthe potential judgment do not Warrant' the increased risk of bankruptcy. -
‘However, as the size of the potential judgment rises relative to potential bankruptéy
costs, eventually the ésset—shielding béneﬁts o‘f‘ debt outwei_gh the costs from bankruptcy,

and the firm chooses to increase debt.

The discrete case highlights the importance of éssumptions regarding asset returns.

For different probability distributions of firm returns, the optimal capital structure

response to changes in tort liability will differ.
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2.4 The Impact of Liability Insurance

In some circumstances, firms may have the opportunity to buy liability insurance.
Tillinghast "Towers Perrin estimates that in 2003, over $91 billion in tort coste were
covered by firms’ insurance policies. When liabiiity icsurance is an option the firm
must meke a joint capitel structure-insurance coverage decision in order to maximize

firm value. This section considers this decision problem.

{ -

2.4.1 Discrete firm returns with insurance

Assume that the structure of operating cash flows and tort liability is the same
as in the previous discrete returns case. Now, the firm may choose to buy insurance,
up to the vaiue of the judgment, J, which pays off in the event that the firm loses a
lawsuit and must pay a tort judgment. Assuming that the insurance is fairly priced,

I dollars of coverage costs pl.

Proposition 1.1 If a firm whose returns are binoMially distributed chooses to

insure,‘z't will do so fully..

Proof: The advantage of insurance is that it can be used to eliminate the prob-
ability that a judgment against the firm will cause it to incur bankruptcy costs. The
disadvantage is that even under fairly priced insurance the preinium is greater than

the expected judgment cost, as long as the firm chooses a debt level such that there

is some positive probability of bankruptcy. In the discrete case, buying anything less
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than full insurance does not decrease the probability of bankruptcy, while every dollar
of coverage purchased does reduce the asset shielding advantage of debt. Therefore,

if it is advantageous to buy the first dollar of insurance, it is more advantageous still

to buy J dollars of insurance.’* QED .

In a setting with insurance, the firm has the same capital structure options as in
the previous sectioh, as well two new choices. The set is D — V=L Vo=, VL,V —
J, Vi 1=g, Vu}, with Vi ;—y and Vp j—; representing choices of debt lével where the
firm has chosen to fully insure against judgment liab.ility.14 The various costs of each

choice are

pJ forD=V,—J

Jo=1q pqgJ 'forDZVL,VH—J e o (2.44)

0 for D=Vi _y, Vs, Vi

) 0 fOI‘DZVL—J,VL’[::]
p(l—=q)C for D=1V

Cy = (245)
(l—q)C fOI‘_D:V]j—J,VHJ:J

\

(1—q+pq)C for D=Vy

13See Huberman et al (1983). ' _
14 Assume that V; ;—; implies a promised payment to debtholders of V; — pJ, and a promised
payment to the insurer of pJ. Further assume that the insurer has priority, and Vi, — C > pJ,

- guaranteeing that the insurer will be paid.
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4 3

gV = Vi) +(1—p)J) for D=V;—J
T(](VH - VL) for D = VL;I:J
Ty = 7q(Vyg = Vi —pJ) for D=V, b (246)

q(1—p)J for D=Vy—J

0‘ fOI‘D_—‘VH,]:‘],VH -
\ : 7

as well as the insurance premium:

pJ for D=V _y, VH,I:J : :
0 otherwise

Proposition 1.2 When insurance is available, V7, ;—; dominates Vi —J.

Proof: Because a firm choosing V, — J never faces bankruptcy, it does not take
advéntage of the ‘asset shielding effects of debt. For this firm, the cost of buying in—.
surance is equal to the expected payment to judgment holders if gninsured. However,
ir;sqrance allows the firm to take on a higher debt leiiel, D =V, providing expected

tax savings of 7J, without incurring bankfuptcy risk. QED

Define the expected total costs for a given debt level D and insurance choice I as
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C(D,I). For the various combinations to be considerd, the expected total costs are

C(Ve,J) = pJ+79(Vy — V1) - | (2.48)

é(VL, 0) = p(1-q)C+pg(l—71)J+79(Vir — V5) (2.49)
C(Vy—J,0) = (1— q)0+'q[p+%(1 -l (250
C(Vu,J) = (1—q)C+pJ B | (2.51)

O(Win,0) = [(1—a) +arlC - (2.52)

Depending on the parameter values, any of the five choices can be optifnal. Of
particular interest is the chojce of {Vy,J}, where the firm chooses the high debt
lé'vel but also purcha,sés insurance. Firms ‘making thié decision are the only oneé
that "overpay" for insurance, to the extent 'that they surrender the asset shielding
advantége of debt and pay for coverage in states where judgment holders would have |
been unable to collect. Despite this, it can still be an optimal decision if the tax
saviﬁgs brought about by being able to choose the high debt level Vj, without fear
of increased bankruptcy risk brought about by tort Aliability, are sufficient.

However, firms will only ever consider one of {D, I} = {Vy — J,0} and {Vy, J}.
Note th'ét firms are indifferent between the two choices Where - |

D q .
G-p = 0-0 - 25

The left side is the likelihood ratio of losing the tort judgment, and the right side is

the likelihood ratié of realizing the high return multiplied by the tax rate. When the

- left side is greater than the right, vimplying relatively higher probability of losing the
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lawsﬁit, the firm ’Wﬂl consider {VH — J,0}. When makihg this éhoic;a, the firm avoids
overpaying the insurance premium, but accepts increased taxes when it realizes high
returns and does not lose the lawsuit. When the right is greater the firm insteéd
coﬁsiders {Vu, J}. Here, the firm enjoys maximum tax savings, but at the cost of
paying for insﬁran;e it does nged when it realizes low terminal asset values. Note that
which set the firm considers is\ independent of both J and C ,‘m_eanin'g that firms will -
only ever consider one or the other.!® Therefore there is no set of parameters {p,q, 7}

where changes in J and C' can produce as many as five different optimal debt choices.

In general, the availability of insurance reduces firms’ propensity to accommodate
a potential judgment by choosing either D = V;, — J or D = Vi — J; the'f(j)rr_ner is
never chosen, and the latter considered only when the right side of equation 2.53 is
greater than the left. This implies the existence of a greater number of states where

the firm chooses a higher level of debt.

However, there also exist parameter values for which firms, who in the absence of
insurance would have chosen V}, or VH, shift to {Vz, J} or {Vy, J}. This suggesfs that
while the presence of insurance leads to more debt, it also leads to a greater numbér
of states where tort creditors recover fully. Insurance leads to more.firms with deep
pockets.!® To the extent that tort judgments} are legitimate attempts to redress those

who have been harmed in some way, this is a socially desirable effect.

150f course, how the cost of either {Vy — J,0} or {Vy,J} compare to the costs of the other three
options depends critically on the relative values of C and J.

6Gtrictly speaking, the deep pockets belong to the insurance companies with whom the firm has
contracted. From the plaintiff’s perspective, this distinction is not important.
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2.5 Joint and Several Liability

An éssential extensioh of the analysis is to consider how a firm’s behaviour changes
when it is dependent on the outcome for other firms. This situation arises where firms
are jointly and severaHy liable for a given tort. In the simplest gxample of how this
tybe of liébility works, a plaintiff sues two defendants who both contributed to causing
her harm. If a judénient is found in the plaintiff’s favour, each defendant is ordergd
‘ ‘to pay half the judgménﬁ. Howéver, .if one of the defendants becomes insqlvent, the

other becomes responsible for whatever remaining portion of the judgment needs to -

be paid.

Thié extension is far from being an esoteric detail. Joint and several liability is ﬁbw ‘
standard foi‘ many types of torts in rﬁany jurisc.itions‘ According to the 2004 report
by Tillinghast Towers Perrin, "there appears to be a shift in the types of liabilities
that make up the total tort costs in the U.S., from individuals suing individual entities

to groups of plaintiffs taking legal action against one or more entities".

In this circumstance, capital structure choice is the outcorne of a game. 'lh’he.
capital structure choices of a set of firms who share 1ia_bility for a given tort become
interdependent. Thé externalities among firms gi\}e rise to the f)Ossibility of multiple
- equilibria. The implication is that ﬁrmé’ decisions with respect to capital structure

now depend on the decisions of other firms: specifically, those of their co-defendants.

As is demonstrated below, circumstances can emerge where a firm would choose a
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relatively conservative debt level, if it knew that its potential cé—defendants would do
the same, thereby committing to being solvent to able pay their share of the potential
judgment. However,. ,if the co—dgfen_dants choose higher debt levels, implying that the
‘ ﬁrrﬁ .w:ould be left on its own to cover the cost of the entire judgment, the firm’s

decision would change; it too would shift to.a higher debt level.

2.5.1 ‘Known returns case

First, consider a case with two firms, each of whose asset value will be V at the
end of the perlod At that point, the ﬁrms will lose a tort case with probablhty D,
in which case they will be jointly and severally liable for paying the Judgment J.If

2

both firms are solvent, they each owe £ to the tort claimants. Should one firm not

be able to pay the judgment, then the other is responsible for the full amount.

The firms each choose a debt level, D;. It is straigtforward to show that each
firm’s optimal debt level will alwaysvbe one of the three values {V — J,V — 2V

Without loss of generality, I restrict the analysis to these three values.

The optimal level for each firm depends not only on the parameter values for
{p,7,C,J}, but also on the other firm’s choice of debt level. This occurs because V

each firm must consider whether or not the other firm has chosen a capital structure

"The tax and asset shielding advantages to debt financing are continually increasing in D, while
the expected bankruptcy costs only jump at specific debt levels. The critical levels at which an
epsllon increase in debt will (sometimes) increase the probability of bankruptcy are V — J and
V- 2 V is the highest possible debt level, as there are no asset shleldmg or tax benefits to choosing
a debt level beyond this pomt
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that will leave it solvent and ablé to pay its share of the judgment should the firms

J

lose the lawsuit. In terms of impact on the other firm, the choices V — J and V — 3

can be grouped together, since both of these levels leave the firm able to meet its
- share of the obligation; However, choosing a debt level of V imposes an externality
on the other firm; should the case be lost, the other firm will be faced with a bill for

the full judgment.

Expected costs from each choice of debt level must be calculated based on the
other firm’s decision. A cost function C;(D;, D;) is defined as the combined expected
bankruptcy, tax and tort judgment costs for firm 4, given that firm % chooses debt

level D; and firm j choose debt level D;. The cost functions to be considered are:

GV — IV =V =2 =T [p+ 7+ (1 p)1]
GV —=JV)=Jp+(1-pr]

GV =5,V =V = 3D =S p+ (1 =)

V)= 3o+ (=) +5C

VAV = 1,V = 3.V)) = pO

Ci(V -

'Looking at the cost functions, it is immediately apparent that D; = V — % is never
a best response when the other firm sets D; =V; it is dominated by a symmetrical
response of D; = V. It is also clear that D; = V' —J iri response to D; = {V—J, V—%

is dominated by D; =V — % Therefore, {D;,D;} ={V - J, V- J}{V-JV —

%}, {V - ;27., V'} are not possible equilibria. 4
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The remaining possible equilibria are {D;, D;} = {V -4, V — %},'{V, V}, and
{V—J,V}. Which equilibrium will prevail depend on the size of the possible judgment
J in rela.tion'tofthe‘ other variables. When

D

J<CO—0©=
p+(1—-p)7T

{D:,D;} = {V — 2,V — £} is the only possible equilibrium. When

p
J>o20—LF
p+(1—p)7

{Di,Dj} = {V,V} is the only possibility. However, in the region

P ' P
c—*r < jg<owc—EF
p+(Q—-p)7 = — p+(Q-pr

either of the two equilibria is possible. While it is not difficult to show that the firms
would prefer the {D;\,D;j}={V—-4,V- %} equilibrium, the firms do not necessarily.
have the opportunity to choose. Once one firm has adopted the high capital structure,

the other must follow suit, and neither will have an incentive to deviate.

A simple diagram illustrates this point, for parameter values {V = 10,p = .5,7 =

5,C =3}

10

1 2 3 4 S 6 -

Figure 2.2: Joint and several liability and known returns
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Values of J are plotted on the bottom axis, while debt levels are on the vertical
axis. The two curves represent o‘ptimal responses, depending on the othér firm’s
choice. The éurve which is initially more steeply sloped repreéents optimal choices
of D; when thé other firm’s debt level is D; = V. The curve that is initialiy less
steeply sloped represents optimal choices of D; when the other firm’s debt level is
D; = {V-JV= %} In the region J < ~2,‘ the optimal debt level for both firms is
V - % When J > 4, both firms choose V. However, for 2 < J < 4, two équilibria

are possible. Either {D;, D;} ={V — £,V — £} or {D;, D;} = {V,V}.

2.5.2 Binomially distributed returns case

Consider.two firms, identical to those described previously. Instead of facing
a certain return V', each firm faces symmetric,independently binomially distributed
- returns. That‘ is, eachleither rétufns Vi or Vy at time 1, and each -has the same
probability of realizing a high return, ¢; = ¢; = ¢. The firms will be ordered to pay a

judgment J with probability p. Again, the firms are jointly and severally liable.

The firms each choose a debt level, {D;, D;}. Again, each firm need only consider
a finite number of potential debt levels. Thé initial set to be considered is D =
VL= IV =4, VL,V — J, Vy — %, Vi}. Thecdmplication comes when each firm

must consider the expected bankruptcy, tax and tort judgment costs associated with

each debt level in response to the possible choices of the other firm. An equilibrium is
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a situation where each firm’s choice is a best response to the other firm’s debt level,

recognizing that each firm’s asset returns are stochastic.

The expected costs associated with firm 4’s decision to choose debt level Dy, given

that firm j chooses D, are defined as C;(D;, D;). The cost functions are as follows:

J
Ci(Vp = J{Vp = J,V — 5})

= qT(V}{—VL)+g(pw%T'+(l—p)T)

: J
Ci(VL - J; {VL7 VH - J7 VH - _})

2
= g (V= Vi) + 3 (o2 + )1~ 7) +7)

Ci(Ve = J, Vi)

= qr(Vu — V1) +J(p+ (1—p)7)

J ~ J
Ci(Vi, — 5 Ve, Vg — J, Vi — 5})

J 1 1
= QT(VH—VL)+p(1—q)20+§m(;+5~1—(1—Q)Q)

J ' J
Ci(V, — 3 {Vp - J, v — 5})

= a7 (Vi = Vi) + J(Ea-m+r)

J
Ci(Vi = 5, Vi)

= g7V = Vi) + (1~ q)C+ 5 (p(1 —7) + (1~ pg))

(2.54)

| (2.55)

(2.56)
(2.57)
(2.58)

(2.59)
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J
Ci(VLa {VL - ‘]a VL - 5})

= g7V = Vi) +p(1 ~ 0)C + 5pa(1 — 7) (2.60)

' J
Ci(VL; {VL; VH - J; VH - E})

= (Ve Vi) +pl- 90+ I =)@ =0) (6]

= (Vi — Vi) +p(l—q)C + (1= )pg] (2.62)

.Ci(VH —J,{VL—-J,V, — 5})

= (a0 (pal =)+ 270) ey

, : J.o
Ci(Va — I, AV, Vu — J, Vg — 5})

= (1-q)C+ % (pg(1 —7)(2 — q) +27¢) (2.64) |
Cz(VH — J, VH)
= (1-9C+Jglp+r(1-p) C(265)

J J
Ci(Vu — 7 {Vi, - J,V, — 5})

= (1 —gC+ ng(p +7(1=-p) (2.66)

J J
Ci(Vu — o Vi,V — J, Vg — 5})

L= 0-QUp)C e tr-p) L (267)
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J

Ci(VH~§,VH)
= (- (-pC+Jap+T(1—p) (2.68)
C’,»(VH,Dj)
= (1—(1—;0)%1)0 - | (2.69)

While this set of cost functions is difﬁcult to analyze analytically, it is possible to
do some 'nﬁmerical experimentation. For several sets of parameter values, it becomes
clear -that' while all of the debt levels may be optimal in some circumétances, it is
generally true that equilibria _invollve firms éhoosing tb match each other’s debt level;
the relevant cost functions to consider are then defined by equétions 2.54, 2.58, 2.61,

2.64, 2.67 and 2.69.'®

Further, it is apparent that both firms choosing the debt level V;, — J will not be
an equilibrium. Provided that both firms éhoose Vi, — J, each has an incentive to
move to Vg — % Sincé neither set of choices ever results in either firm going bankrupt,
the firms prefer V; — %, as the higher debt level provides a Jower ekpected tax bill,

with expecﬁed bankruptcy costs and judgment costs remaining unchanged.

The optimal decision depends on the parameter values p,q,C;V, Vi, 7 and J.

Comparisons are probably most relevant when made as follows. .

181t may be possible that two firms will choose different debt levels, with the higher debt firm’s
choice imposing a greater externality on the other firm. However, for this to be an equilibrium, it
would have to be the case that C;(H,H) — C;(H,L) > C;(L,H) — C;(L, L). This condition can be
interpreted as being that a shift to the higher debt level has a greater negative impact on the other
firm when the other firm is already at the higher debt level. There is not any evidence that a set of
parameters meeting this condition, and being otherwise consistent with the model, exists.
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For the sake of expdsition, I examine the capital structure decisjon of two identical
“firms, to be held joiﬁtly and severally liable for fhe amount J should they lose the
court case, with the parameters {V;, = 50,V = 100,p = .5,¢; = .5,7 = .5, C; = 10}
held constant, as the aggregate amount of the poténtial judgment J varies. 1 compare
this with thé debt decision taken by one firm, faced with the same potential liability
J, with paramoters {V, = 100, Vy = 200,p = .5,q = 5,7 = .5,C = 20}. This is
relevant because aggregate "industry" revenues and bankruptcy costs are the same

as for the two smaller firms, as is the potential judgment.

As J varies (values on the horizontal axis), the two firms’ choice of debt level is

plotted:

100

99
98
97

96 L
95
94 \

6 7 -~ 8 9 10

Figure 2.3: Joint and several liability and binomially distributed returhs
In the range 0 < J .< 6.67, the equilib}"ium is D; : D; = Vy —J. For J> 7.27
the equilibrium is the maximum possible debt level, D; = D; = V. For the range
6.67 < J < 7.27, either of the other two equilbria are possible; the firms either both_

select Vi — J, or they both select V.

The decision of the larger single firm, faced with the entire liability itself, is plotted:
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Figure 2.4: Single large firm base case debt level

Here, the firm initially chooses debt level Vg — J, and shifts to Vg when J = 13.33.

In the example, it’s apparent that the effect of joint and sevefal liability on the
capital strﬁcture decision is anﬁbiguous. At low levels of J, the two ﬁrrﬁs choose
to accommod;te not only their own initial share of the judgment, but also that of
the other firm, recognizing that their co—defendant‘ could go bankrupt. For values of .

J < 6.67, tort claimants’ expected recovery is higher than the one-firm case.”

For J > 7.27, both firms will shift to the highest possible debt level, V7, and tort
claimants’ expected recévery drops to zero. In the single firm case, this shift does not
occur until J > 13.33. For values of J such that 6.67 < J < 7.27, two'equilbria are
possible. The firms will either both accommodate the full share of the judgrﬁént by
setting D; = D; = Vg — J, or both firms will shift to the __highest possible debt level

V.

Generally, joint and several liabilify serves to reduce debt levels and increase

9In the one firm case, the single firm has realize the high asset return for the tort claimants to
be able to collect the judgment should they win. The probability of their having a claim against a
solvent defendant, conditional on having won the case, is ¢. On the other hand, when faced with
two defendants each choosing a debt level of Vi — J, only one need be solvent. The probability of
being able to collect is (2 — ¢), which is greater than g. ' .
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expected tort claimant recovery at low judgment levels, while it decreases expeéted
recovery af higher debt levels. When the cost of losing a judgmént is low rela‘pive
to the costs associated with going bankrupt, both firms choose a capital structure
which would allow them to pay should they realize high returns. Tort claimants end
up benefitting from a "diQersiﬁcatio‘n” effect. Réther than being exﬁosed to the risk
that a single defendant’s deep pocketé will be emptied by the vagaries of business
ri'sks,' defendants have two entities to pursue, and enjoy the increased probabﬂity
that at least one’s pockets will remain deep. As the potential size of the judgment
increases, however, the defendants start to impose externalities on each other. To
protect themselves ffom having to pay the other’s share of the judgment, both choose
aggressive c_apiﬁal structures to insulate themselves against the potential judgment.
Aggregate debt therefore tends to increase, and tort claimants recovef in fewer states

of the world than they would against a single, larger defendémt.

2.6 Two Period Model

An thension which adds some richness to the analysis is to consider how firms
will make capital structure decisions as tort liability evolves over time. The antici-
patéd risk of losing a major lawsuit is not static. As new information emergés about
the likelihood that the ﬁrm has caused a tort against anofher party, or about -thé |

magnitude of the harm caused, all market participants will reasonably update their

expectations about the probability of the firm having to pay tort claimants.
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By the same token, neither is capital structure static. Firms have the flexibility
to increase or decrease their debt level as time goes on, continually trading off the

asset and tax shielding benefits of debt versus the expected cost of financial distress.

By considering a two-period model, it is possible to consider how a firm’s capital

structure changes through in time, in response to changes in tort risk.

2.6.1 Basic two period model

Consider a firm pursuing a project with a two period life. At the end of the first
period, the firm receives an ﬁpdate as to the distribution governing the project’s final
distribution. At the end of the'second period, the térmi_nal asset value is realized.
The (iistribution of the time. 1 repqrted asset Valué is governed by probability density
function g(V}) and cumulative distribution function G(V), with G(Vi ) = 0 and
G(Vm'lax) = 1. The realization of 1}, which is the signal received at time 1, is the
time 1 expectation of the eventual time 2 cash fiow realization. This time 2 cash flow
realization, V5, is distributed with probability density function g(V2) and cumulative
distribution function G(Vz), with G(Vamin) =0 and G(Vanax) = 1. ngin and Vamax

are defined such that £;(V, | V1) = V4. This implies that Eo(V1) = Eo(Va). 20

The firm finances its operations through a mix of one-period debt and equity: At

20An example of the type of situation this set of distributions is meant to describe would be as
follows. A firm receives an updated signal, V1, uniformly distributed between 50 and 150. The firm’s
eventual value, V3, will be uniformly distributed between V; —50 and Vi +50. As such, E,(V,) = Vi,
while the time zero expectations are Eo(V1) = Ep(V2) = 100. :
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time zero, the firm issues debt with a face value of D, payable at time 1. At time

1, after receiving the updated sighal V1, the firm chooses a face value of debt for the

~second period, D;, payable at time 2.

Taxes are payable at both time 1 and time 2, as a fraction of asset value at that’
date. Debt payments shield assets from the tax collector, so the taxes payable at a

: g'iven date t are T; = 7(V; — D;) whenever V; > Dy, zero otherwise.

Finally, bankruptcykco'sts C' are incurred at either date whenever V; < D;. This

can be interpreted as costly renegotiation.

By assumption costs‘, there are no cosfs assoéiated with adjusting capital structure. -
In the absence of any 4fricti0ns, the firm chooses a dgbt level at daﬁe t — 1 such that
minimizes E;_1[C; + Tt] Because the relative. distributions at both dates between
Vimin and Vinax are the same, the firm chooses the same reldtz've debt level each

period, denoted D} 2!

2.6.2 Two period model with tort liability

Consider now a firm faced with tort risk, such that there is some chance that they

will pay a judgment J at time 2. The time zero risk of having to pay the judgment-

is £. At time 1, the firm receives an updated signal about the lawsuit’s prospects.

210f course, the absolute second period debt level will be higher when V; > Eg(V3), and lower
when Vy < Eo(V4). N ' : '
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With probability % the suit is found to have no merit (lawsuit risk falls to zero), and

with probability % the plaintiffs’ chances of winning the suit improve to p.

By assumption, the firm’s time 1 tax charge does not change, and is still defined as
- Ty = 7(Vi — Dq). However, the risk of financial distress increases, as security holders -
take the time 2 judgment risk into account when valuing their claims. The time zero

expectation of the time 1 bankruptcy cost becomes

2 Vl min 2 Vl min

1 Dy ’ D1+pE1(J) v
Eo(C)) =C —/, g(Vl)dV1+—/ - g(n)avy

The firm solves for the promised time zero debt payment which minimizes Ey[C; +
T1]. Because tort risk increases the probability bankruptcy, and period 1 debt shields
assets from the tax collector only, the optimum debt level ﬁ{ is lower than the

optimum level in the case where expected tort liability is zero at time 1.

At time 1, if the risk of tort liability disappears, the optimum time '2 promised
debt paymeht is Dj, fhe'same as the optimal level in the case without torf- liability.
On the other hand, if the probability of having to péxy a judgment incr_eaéeé to p,Athe
firm chooses ﬁ; S0 as to minimize the sum of F1[Cy+ T + Ja. This is essentially the

same problem aé defined in the single period model described earlier in this paper.

Whether or not D3 is a higher relative debt level than D* depends on distributional

_assumptions about the distribution of V;. As shown in the one period model, however,

itV is uniformly distributed, then the debt level is increasing in expected tort liability.
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Since this is the case where expected tort liability increases from time zero to time 1,

for a uniform distribution it will be the case that ﬁ; > 15{
.
- This leads to an interesting conclusion. For at least some distributional assump-
tions about firm returns, the further resolution of uncertainty about tort risk leads

to an increase in the firm’s relative debt level, whether that resolution increases or

.decreases tort risk.

While this is somewh@t counterintuitive, it can be explained as follows. At time
zero, the probability of having to pay a judgment is p/2. For a given time 1 face value
of debt, this risk increases the expected bankrupt.cy' cost, providing an incentive to
lower debt. However‘7 because the jﬁdgment, if eventually p‘aid, will only be paid
| th time 2, the promised time 1 debt payment does not provide any asset shielding -

benefits:.

At time 1, there Are two possible resolutions of uncertainty about tort risk. In
the case. where tort liability disappears, the probability of bankruptcy for a given -
relative debt decreases. Since the tax shielding benefits of debt d‘oﬁ’t chaﬁge, t‘hé new
optimum relative debt level is higher than it was ét time 0. In the ‘cas'e where tort
liability increases, the..expected barikruptcy costs also increase. Howevér, promising
a debt payment at time 2 helps shield the firm’s security holders from tort creditors,

which is not true of the promised time 1 debt payment. For distributions where the

- asset shielding benefits of debt outweigh the increased expected bankruptcy costs,
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even increased tort liability at time 1 will lead to the firm choosing to increase its

debt level.

2.7 . Conclusion

This paper seeks to explain how tort liability will affect a firm’s optimal cap-
ital structure. While other papers have made the point that limited liability will
affect economic agents’ incentives with respect to tort risk, very few have sought to

endogenize the firm’s decision about in which states it will be solvent. _

- A key characteristic of tort risk is that its impact on cash flows available to security
holders depends on the structure of security holders’ claims. Put another way, capital
structure matters greatly when determining the potential expense payable to tort

claimants.

. Recognizing this, firms with exposure to tort liability will have aﬁ incentive to
adjust capital structure to respond optimally. The iower gfeditor priority of tért
claimants implies two effects when debt and tort risk interact. The first is that
tort liability .brings zfmbout an increased probability of bankruptcy. Where fhis effect
predominates, the firm will choose to move awéy from debt.  The second effecﬁ is
that debt prov‘ides an asset shielding advantage, preserying cash flow rights for the

firm’s debt holders at the expense of tort claimants. Where this effect is dominant,

increased tort risk will cause the firm to choose more debt.
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I specify two simple models to examine the interaction of these effects, one where
firm returns are distributed continuqusly' over ‘an interval, and another where firm.
returns are distributed binomially. The different results from these two illustrations
demoﬁstrate the importance of assumptions regarding firm cash flows. Depending
on the nature of the firm’s returns, and thé vélues of the various input parameters,

either the bankruptcy effect or asset shielding effect can dominate.

I also consider how liability insurance affects the outcome. Fairly priced liability -
insurance is in effect overpricéd for any ﬁrm with positive probability of bankruptcy;
due to the asset shielding effects of debt. However, the model in this paper demon-
| strates that there are circumstances where firms will still choose to purchase insurance.
The model also indicates that the availability of insurance can lead to greater amounts
of debt being issued, at the same time asvproviding tort litigants with deeper-pocketed

targets.

i test how firms’ capital étrucfure decisio'ns change when several smaller firms are
jointly and severally liable for a judgment, and compare their behaviour to that of a |
laliger entity faced with the same poteﬁtial judgment. I find that for relatively low
~ tort amounts, debt levéls tend to be lower, and tort claimants’ expected recovery
greater. However, for higher judgment amountsv, debt levels tend to increase, and

tort claimants will expect to recover less.

Finally, I examine how the capital structure decision changes as liability evolves
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through time. In the model, I find that the resolution of uncertainty about tort risk
leads to an increase in the debt level, whether the resolution is one of lower tort risk-

or higher tort risk.

Tort liability is a major source of risk for firms today. I have explained why it
is unique, and why firms must consider its unique properties when determining the
optimal capital structure. Empirical work studying how firms do adjust their capital

~ structure to address changes in tort risk is a potentially fruitful avenue for future

research.
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Chapter 3

The Capital Structure of Insurers:

Theory and Evidence

3.1 Introduction

In the simplest economic models of insurance' markets, which ignore transactions
costs of any kind, risks are priced at actuarial}y_ fair values. This prediction depends
on dne of two sets of assumptions: the pobliﬁg theory of insurance assumes that in—
sured risks are independeﬁtiy distributed and large in number; the transfer theory Qf
insurance assumeé that risks are independent. of aggregate wealth in the ecdnomy and
can be transferred through the issuance of equity to a perfect. capital market (Mar-

shall (1976)). Recent research in insurance e'coﬁomics has shown that the observed .

dynamics of insurance premiums and contracts can be explained only by a failure of
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both.sets of assumptions. Aggregate uncertainty, combined with iniperfections in the
equity market, can disrupt the transfer of riské to the capital market in ways that
explain insurance market dynamics (e.g., Grgn (1994)., Winter (1988,1994)). This
connection is noﬁ suri)risihg, since imperfections of some sort are necessary to explain
" even the existence of iﬁsﬁrance .intermediaries. The empirica’l_ tests in this recent
literature have focussed on time series implicatiqns of insurance pl;icing and capital

flows.

- . This paper explores thé cross-sectional variation in insurers’ capifal structures:
the‘cAhoice by stock insurers of the mix of equity and liability.! As in the standard
theory -of optimal capital sfructure in ﬁnanc}e, predictions of the theory must rely on
speciﬁc capital market imperfections. We focus here on the éimplest one: that issuing
and maintaining additional equity is costly. Our model yields testable implications
- with a focus (appropriate fér an analysis of insurance markets) on the liability side

of the market.

Section 2 of this paper develops the simplest model of an insurance market with

costly eqﬁity, in a two-period setting. For equity to have any role in an insurance

!The capital structure decision for insurers, being a financial intermediary, is different from the
decision faced by non-financial firms. Non-financial firms have some underlying assets which generate
- cash flows; the capital structure decision relates to how to finance those assets by apportioning claims
to cash flows between debt and equity holders.

Insurance companies’ liabilities are the insurance policies themselves, whice arise naturally in the
course of doing business. The question of how much equity to maintain relates to what kind of
"cushion" the firm requires to credibly back the policies it issues. This problem is similar to the one
made by banks; faced with a given level of deposits (hablhtles) banks must determine how much
equity it requires to maintain capital adequacy.
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market. there must be aggregate un'cert.ainty, or dependence among insured risks; the
absence of a laﬁv of large numbers means that equity is_ nécéssary to back up promises
to pay claims in the ..event of adverse realizations of aggregate shocks.? Accordingly,
the key éomparative static issue that we focus on is the impact of iﬁcreasing aggregate
uncertainty. We éorisider separately the cases of aggregate uncertainty in the loss
incurred conditional upon an accident and uncertainty in the probvabz'lity of an accident
(i.e. dependence among the events of individual accidents)‘. In the former case, the
total equity issued by a competitive insurance market is increasing in the degree éf
uncertainty (and linear in a parameterized example). In the latter case, equity may
be increasing then decreasing as a function of uncertainty. In both cases, the r,atz'o of

equity to revenue is increasing in uncertainty.

Section 3 tests the theory using crc_)ss—sectio'nal data on U.S. property—liability
insurers. While the theory is developed for competitive markets, by assuming that
each iﬁsurer is operating in a different set of one or mére competitive markets, we
can use firm-level data inithe tests. The focus is on tests of two hypotheseé_. The .
first is the implication of the static model, tﬁat vleverfdge is decreasing in aggrégate
uncertainty. The second is an implication of previous dynamic .mOdels of competitive
insurance markets (Grgn (1994) and Winter (1994)) that external equity is more

costly than internal eQuity — specifically that there is a positive cost to the “round-

ZAggregate uncertainty is necessary, that is, in the limit as the number of consumers gets large.
With independence, the law of large numbers would allow the risk of bankruptcy to be avoided by
a vanishingly small amount of equity per policy.
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trip” of distributing an amount of cash then raising the same amount in éxternal
equity. Previous tests of this implicétion focus on the time series behavior of insura_ynce
premiums. The empirical analysis here is complementary, based not on prices but
- directly on capital structure decisions. The paper also offers a link between the recent
insurance market literature and corresponding empirical results in tests of cépifal
structure for non-financial corporations: Titman and Wessels (1988) and Rajan and
Zingales (1994) find negative relationships between leverage and past profitability; an

explicit dynamic theory and tests are offered by Fischer, Heinkel and Zechner (1989).

3.2 The Optimal Capit.al Structure of Insurers

We describe the capital structure choice of an insurance firm in the simplest pos-
sible model. The key assumption must be that risks are dependent, i.e. subject
to aggregate uncertainty or common factors. We consider separately the cases of

dependence in the events of accidents and dependence in the size of losses incurred.

-3.2.1 Aggregate Uncertainty in Accident Losses

’

Assumptions:

We consider a competitive market for insurance. On the demand side of the

market, a large number of individuals each face with a known probability p the loss

of wealth. The size of the loss is itself random, taking on the value H with probabilii‘,y
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A and L with probability (1 — )). If the risks faced by indiViduals were mdepehdently
distributed then — given a large number of individuals _ insurance would be proyided_
at a fair premium with no need for equity. The optimal capital structure would (in.
the limit) have z€ro ’equity. We i‘nt‘roduce a role for equity by assuming that the
random losses faced ére dependent among individuals. In fact., for simplicity, losses
are identical for those experiencing an accident. In sh§rt, each individual faces a
two-stage lottery, with “accident - no accident” in the ﬁrst stage and “L or H” in the
second. Across individuals the first stage outcomes are independently distributed,

while the second-stage outcomes are identical.

The individuals are expected utility maximizers and the gain from exchange in
the insurance market arises because they are risk averse. We take the simple case of

identical individuals, with initial wealth W and utility U, where U’ > 0 and U” < 0.

_\ Ex . ante, a large number of stock insurers issue equity and then issue insurance
poiicies. An insurance policy is assumed to be non-particip?zting. Tha‘p is, the contract
with any individual‘ specifies a payment that. is contirigent only on the individual’s
loss experience: I;, dollars if the individual experiences a loss of L, Iy dollars with a
loss of H. The premium is denoted by P. _We' constrain the insurance contracts and
equity to satisfy a limited liability constraint, so that th'e contracts promised by the

insurer must be credibly backed by the equity issued. We denote by E the equity per

policy issued. A second constraint is that the promiséd payment in any accident state
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- cannot exceed the accident loss in that state. This can be justified by a moral hazard
assumption that an individual has the ability to cause aﬁ accident intentionally.

In a perfect capital mai“ket, the cost of issuing and maintainihg equity would be
zero. Equityholders would be indifferent betWeen investing through the ingurénce
corporation -and investing t.hrough their persoAnal portfolios. It is evident that in
reality equity -cannot be issued by an insurer and maintained without limit at zero
cost. The costs include'agency costs of having corpbrate management intermediate
between investment in assets and shareholders; the admihistrative costs of issuing
equity; the signalling costs of .issuing equity and the double-taxation of corporate
inqome.3 We do not model these costs explicitly, but simply assume that equity
cannot be raised at zero cost. Specifically, we assume that it coété (1+ c)E dollars

to raise E dollars of equity, which is returned to claimants on the firm’s assets. The

term cF represents the net cost of maintaining equity. -

Equityholdersvprice equity according to the expected value of net payments that
they are to receive; this reflects an assumption that the uncertainty in lqsvses, -while
not diversifiable in the insurance market, is diveréiﬁable in the stock market‘. Interest
rates are zero. The supply of insurance is taken to be competitive, which means that
~ any capital structure E and policy (P, I, Ig) consistent with zero expected retu'rn to

' equityholders will be supplied if it is demanded. On the demand side, the individuals

31t is evident that means of distributing cash to shareholders other than by dividends cannot be
relied upon as costless alternatives. '
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choose the most preferred policy among policies offered by the market.

This model yields, as an equilibrium, the choice of an insurance policy that max-
imizes the expected utility of the individual among all the policies yielding ZETO €eX-
pected return to stockholders. The issue of concern is how the equilibrium values of.

equity and the structure of liabilities vary with uncertainty in losses.

Remarks

This is the simplest model within whiéh we can address the impact of dependence
in risks and costly »equity capital structure decisions. Several features of the simple
model abstract from reality. First, we have taken ‘the form of the insurance contract,
the nonparticipa;cing contract, as exogenous. This can be justified formally with
an assumption that an individual can verify only his own accident experience. It
includes rthe simplification that no mutual insurance is ayajlable. Second, in this static
- model we do not capfure any distinction between the costs of maintaining equity, and
the costs of adjusting equity. The evidence-from the recent literatﬁre is that this"
distinction is important for explaining the dynamics of pricing and éapifal ﬂovvs. In
the empirical section, we shall in facf offer some evidence’of the cost advantage of

internal capital — and, implicitly, of the value of extending this model to a dynamic

context.
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Equilibrium

Consider first the payoffs to equityholders and individual demanders of insurance,
under the contract [E, P, I, Iy] when this contract is offered to all individuals.* The
payoffs te an individual who does not experience an accident is W — P. '»I‘Ille payoft
tlo an individual who experiences an accident with loss X, for X = L or H is W —
P — X +Ix . The net pa&bff to equityholders (per policy issued) in the event that
the‘common accident loss is X is —eE + P — pX , since a proportion p of individuals

experience an accident.

The contract offered in a competitive insurance market will maﬁimize expected
utility subjeet to three constraints. The first is a limited liability chstraint,l that the
payment to accident victims in each event X must not exceed the sum of interhal
equity, (1 — ¢) E + P. That is, pIx < (1 — ¢)E + P. The second is a participation
constraint for insurers, that the expected profit be non-negative: —cE + P_— p[A g+
(1 = X)I1] > 0. The third is theconstre,.i'nt that Ix < X. The foliowing results are

easily proved.

Proposition 3.1: If ¢ = 0, then the equilibrium insurance policy involves full

coverage of each loss.

Lemma 3.1: With ¢ > 0, the participation constraint is binding and:

(a) the constraint I, < L is binding: I, = L.

41t is convenient to consider the equity E as one component of the contract; it backs the promise
to pay the claims I;, and Ip.
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(b) the limited liability constraint is binding in the event H : pIy = (1 —c)E + P

(C) IH<H

Proposition 1 is the standard perfect capital market benchmark.. Lemma 1 is for
the case of ¢ > 0. Hefe, without the “moral hazard” constraint that I < L, low
losses would actually be more than fully covered.® The lemma allows us to simplify
the contraot specification and payoffs: A contract can without loss of generality now
be described as a pair (P, E). Individuals receivo a net pa};off of W — P in any event
except a high-loss accident, and in the event of a high—loss accident they receive
W—-P-—H+((P+(l-c)E)/p= 4% - H+ (%)P + 1—;—CE . The gross payout to
shareholdors is zero in the ‘event of high accident losses (vv:here the limited liability
constraint is binding), so- that the expected profit to shareholders from issuiog a
contract (P, E) is |

—cE--.f- P —p[My+ (1 - NI
Using Lemma 1 (a) and (b), this expected profit can be written

—(c+ X1 - cj)E +(1 - AP — p(1 = AL

In sum, we can characterize the equilibrium insurance contract as the solution to

the following; problem:

| ) . |
max (1—p)\)U(W—P)+p)\U(W—H+1 Pp+ ch> (3.1)

D

5This result follows because the events of an accident are independent across individuals, and
therefore the market offers wealth transfers between the events of “accident” and “no accident” at
an actuarially fair rate. The individual optimum therefore requires the equality of marginal utility
in the event of no-accident and expected marginal utility conditional upon an accident. To achieve
this equality, since high losses are not fully covered, low losses must be more than fully covered.
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subject to

—(c+A(1—c))E+(1—A)P—p(1—A)L;0 (3.2)

Letting the multiplier on the constraint be i, the first order conditions with respect

to E and P respectively are:
A1=U'() = (c+ A1 =e))p=0 (3.3)

—(1=pNU'W -P)+ A1 —-p)U'()+{(1=Nu=0 (3.4)

where U'(-) = U’ (W —H+ %‘P + %E) Solving 3.3 for p and sﬁbstituting into

3.4, we obtain

—(1=p)U' (W — P) + A (1—p+(;—22§1—__§)> U'(-)=0 (3.5)

quations (3.2) and (3.5) characterize the optimal contracf.6

Our interest is iﬁ the impact on the equilibrium contract of an increase in aggregate
ﬁncertainty. We represent an "increase in uhcertainty" as a mean preserving spread in
the conditional distribution of losses, but with the further restriction that A remains
constant in this incréase. That is, an increase in ag‘gregatez-uncg.rtainty is represented .
as dH > 0 with the restriction dL = —A/(1 — A) dH . Totally dii;["efentiating (3.2)

and (3.5) with this substitution yields

e+ A1 = )dE + (1 — \)dP + \pdH =0 - (3.6)

SNote that if ¢ equals zero, so that we have a perfect capital market, then (3.5) implies that the
two marginal utilities are equal, which in turn implies full insurance. ThlS equation shows also that
if (3.5) is positive, then the coverage is less than full in the bad state.
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A1 = ¢) (1 ot %) U"(\)dE . (3.7)

+ ((1—p)\)U”(W—P)+)\(1—p+ 1_“1_0)) 1pr'/(.)>' dP

| .c+)\(1—c) P
Y (1 —p+ 1_“3‘&2) U"(-)dH =0

c+M1l—-c¢)

From (3.6) and (3.7) it can be shown that

_ 1-X1-¢) "
apja A (1-p e B0E) 00 .
dP/dH o |

where A is given by

2059 (1-p+ 19“1—0)) U"() (1= pAU"(W — P) + X (1-r+5553) (IJ')U”’(-)

p c+A(1—c) c+A(1-c) P

—(M1—=¢)+¢) N ‘ | 1—2A

Proposition 3.2: With aggregdté uncertainty z’n.thle size of losses, an increase in
" uncertainty leads to
(a) an increase in equity, E;
(b) an increase in the premium, P; and
(c) an increase m the equity-to-premium ratio, E/P.
-1

. o dE/dH —a —b| | —e
Proof: We can write (3.8) in shorthand as = :

dP/dH —g d 7

with all of the lower-case letters on the right-hand side positive. (This can be shown

“using U” < 0.) Solving for dE/dH gives dE/dH = —ios(~de = bf) > 0, proving
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(a).. Solving\for dP/dH yields dP/dH = m(—ge + af). Substituting back in

the terms for (—ge + af) yields

(;ge+af) = (c+M1l=2¢) [/\ <1 —-p+ %) U”(.)]
M1 —c¢) 1-X1-¢) "
o (1— ‘+c+)\(1—c_))/\pU ) R
= (c+A(1—§)—A2(1—C)) (1—p+i;—;\\8—:—3> U’

Therefore (—ge + af) < 0, hence dP/dH > 0, proving (b). To prove (c), re-write .

P c¢+Xl-¢) L

E 1— A PE

from which we have

dH —@2

d(E) 'p dL  _dE D A dE
[E L} [_El_A_Ld_ﬁ}

- “dH ~ TdH| ~ E?
which is negative since’dE JdH > 0 by (b) Leverage is therefore decreasing in

uncertainty. QED

3.2.2 Uncertainty in Accident Probabilities
Assumptions

The alternative structure is one in which common factors are in the events of
accidents. We assume now that the loss from an accident is known, and equal to L, -

but, because of dependence in the events of accidents, the frequency of accidents is -

random. This fréquency, P, is assumed to take on two possible values, a and b, with
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b > a. The term )\ now represents the: probability of the frequency b of accidents.

The ex ante probability of an accident for any individual is p = (1 — /\)a.—i— Ab.

A contract now involves the promisé of a payment [ in the event of an individual
accident in exchange for the premium P. In contrast to the case of uncertain losses
that are identical across individuals, ‘where contractual promises for cash ﬂowé are
always mét, we must introduce here the notion of Bankruptcy. AQ insurer with
-'eduity-per-contract E is bankfupt if P+ FE—pl <0. We allow for-the possibility
, that bankruptcy involves the loss of sf)eciﬁc assets, ipterpreted as a reputation for
prudence, or-other bankruptcy costs‘. As befqre, issuing equity requires a transaction

cost of ¢ per unit.

As before, we consider the contract offered by a competitive market to identical,
risk-averse consumers. This is the contract that maximizes individual expeéted utility

subject to a zero-profit constraint.

Equilibrium

* Depending on the market parameters, especially the size of bankruptcy costs and
A, the equilibrium may or may not involve bankruptcy in the event that the acci-
dent frequency is b. In the case where bankruptcy costs are sufficiently large, the -
equilibrium contract in this model will satisfy the solvency constraint in both states.

We consider this a reasonable apprqximation, in light of the regulatory solvency con-

straints faced by firms. These constraints do not, evidently, reduce the probability
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of bankrupﬁcy to zero; but the rate of bankruptcy is very small with less than one
percent of policies defaulted on in any year. In understanding the costs and benefits
in the choice of an equity ratio by a firm facing existing solvency regulation, and
generating testable implications regarding this choice, approXimating"the regulation

as a complete constraint against bankruptcy is useful.”

The expected net profit to shareholders from the policy (P, ) with equity E is
—cE+ P —[(1—A)a+ Ab] I. When thé firm is subject to a no-bankruptcy condition
for both events, a and b, the gross return to sh'areholders in the event b is zero, sincé
(it is easily sho;;vn) excess Aequity will not be iséued. The amount of equity, E,vwill

be chosen given the contract (P, 1) to meet the no-bankruptcy constraint in event b:

that the amount of equity remaining after payment of the costs cE, covers net losses:

(1-c)E+ P >bl.

Let p = (1 _ )\)‘a 1+ Ab. The equilibrium contract is characterized by the maxi-

mum of expected utility subject to the no-bankruptcy constraint and the zero profit

constraint:
max(1 - PUW —P)+UW —P—L+1) ' (3.9)

subject to
(1—c)E4+P>bl o (310)
—cE+P—‘[(1—Aja+Ab]I=0 o (3.11)

"We have elsewhere considered in more detail the effect of actual solvency regulation on insurance
markets (Winter (1991)). ‘ :
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Proposition 3.3:_ In the case lof uncertain probabilities wz’tﬁ a no-bankruptcy
cqnstraint, :

v(a) an increase in uncertainty leads to an increase in E iof uncertainty is éuﬂﬁciently
small. That is, dE/db|; > 0 if b— a is sufficiently small.

(b) For ldrger levels of uncertainty, dE /db may be positive or negative.

(c) For utility satisfying U'(W) > 0,U" (W) < 0, optimal equity is increasing in

UII(W)

the degree of risk aversion v = — T -

Proof:

Solving the first (no-bankruptcy) constraint for I yields

I= (1__0)_1_?___’___]: (3.12)
b
and substituting it into the zero profit constraint yields
—[c+%(1—c)]E+(1—%)P=O‘ (3.13)
Let .
(1 —
A= Lb(__c) (3.14)
1-1

Solving (3.13) for P and substitutihg this value into the objective function in (3.9)

yields the following as a characterization of the optimal equity:

max(1 — p)U(W — AE) + pU (W ~ L+ [1 4 (m - 1)A] E) (3.15)

b
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Letting W4 and Wy be shorthand for the realized wealth in the no-accident and

accident states respectively, and setting the derivative of this expression with respect -
to E to zero givés

1—c¢ 1

— (5 - 1)A]_U’(WA) =0 (3.16)

—(1=p)AU (Wna) +p
This is the first order condition. Since limy_,; A = 0, this derivative is unbounded as
b — p. Therefore, for b sufﬁciently close to p (i.e. for sufficiently siﬁall uncertainty)
the optimal Eis positive. ~However, for zero uncertainty (b = $), the optimal

contract is easily shown to yield the standard full insurance solution: I = L, P = pL

and £ =0. It follows that, holding p constant, dE/db > 0 for b sufﬁciently close to

p.

Toprové (b), a parametric example suffices. Define the form of thé utility function
as U(W) = —e~ " and define parameter vélues of {p,¢c,”, L, W} =1{1,.11,.251}.
Optimal .equity of E*,. defined as‘ being the value of E which satisfies (3.16), caﬁ be
evaluated as b changes. rI“he folloﬁing diagram plots optimal equity given chaﬁges in

b as it ranges from .101 to .300:
0.014

0.012
0.01

o

.008

o

.006

o

.004

0.15 0.2 0.25 0.3

Figure 3.1 - Optimal equity under changing uncertainty
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Initially, E* increases as b increases, reaching a maximum.where b = 0.2214. Beyond

this point, E* is decreasing as uhcertainty in the probability of loss increases further.

To prove (c), consider_the first order condition, (3.16). First, note that becagse
UMW) >0and U'(W) <0, it is true that U’(w) < U'(y) where z > y. It caﬂ be
shown that (1-pA>p[5E+ (3 — l)A] For (3.16) to Hold, it must be the case that
U "(Wna) < U'(W4), meaning that Wia > Wa. Wealth is greater in the no-accident

state, which means that in équilibrium there is less than full insurance.

Given that there is less than full insurance, consider how increasing risk aversion
affects the optimal level of equity, E*. Define the measure of risk aversion as vy =
—%/,%WK)). As noted in the previous paragraph, it is true that, x> y, U’(y)_— U'(z) > 0.
It is further the case that M%—;—U—’@ > 0. One can define (W4, WA). as satisfying
(3.16) for some level of risk aversion 7, and (Wya, W,) as satisfying (3.16) for a

higher level of risk aversion 4. It must be the case that
WNA—WA < WNA_WA ‘ . . (317)

since the higher degree of risk aversion ¥, combined with the requirement than (3.16)
hold, implies that the difference between the no-accident and accident wealth levels
must be less than for the lower risk aversion c_ase. Put another way, as risk aversion

increases, the optimal contract moves closer to full insurance. Substituting into (3.17)

for {WN A, Wi, Wy A VVA}, and defining {E*, E*} as the optimal levels of equity for
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the two different levels of risk avérsion, vx;e have

- l—c¢ 1 - A
(W—AE>—<W~L+[ - +<—5—1)A}E> (3.18)
< (W—AE*)—._W—L+ e (14Val (3.19)
b b .
(3.19) can be simplified:
(a4 1_'é+ To\a (E*—E*)<o (3.20)
b b '

The left term of (3.20) is positive, meaning that (E* - E*) is negative. Therefore,

optimal equity for the higher degree of risk aversion, E*, is greater, meaning that

optimal equity is increasing in the degree of risk aversion. QED

At the heart of the comparative statics in proposition 3 are two off-setting effects
of an increase in uncertainty on equity. Holding constant the amqimﬁ of coverage
"issued, I, an increase uncerfainty b implies an increase in the value of equity, F,
that is necessary to cover _the claims at a given premium. This is the input effect.
The amount of Cév'erage will drop, however, as a consequence of the higher cost
of offering any amount of coverage; this feeds béck to a decrease iﬂ E: an output
eﬁect.‘ Whenvuncertainty is sﬁfﬁciently low, t.}.lé input effect dominates -and when
uncertainty is high, the output effect may dominate. The two effects can be seen

in the total differentiation of the no-bankruptcy condition, which yields dE/db =

T+b(dI /db)—d.P/db

T . The first two terms of this are, fespectively, the input effect and the

| output'eﬂ“ectf Endogenizing the change in P through total differentiation of (3.11),
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holding p constant; yields

dE _dl

again showing a decomposition into the input and the output effects.

Proposition 4: In the case of uncertain probabilities with high bankruptcy

costs, an increase in uncertainty leads to an decrease in the leverage ratio P/E. -

Proof: Solve (3.13) for £ = A, from which

9(g) P

o (b—-p)?

The ratio of liabilities to equity is therefore decreasing in uncertainty. QED

" To summarize the main comparative static results that ﬂow from the model: in—
creasing aggregaté uncertainty leads to an increase in optimai amount of eqﬁity when
the uncertainty is in the size of the loss (conditional upon an accident) bﬁt a non-
monotonic relationship in the case where the uncer_tainty (i'.e. dependence) is in the
eveﬁts o_f accidents. In both cases, the equity toj premium ratio is ipcreasing in un-
_certainty. Since the premium is the market valuation of an insurer’s liability (this
liability being of course the promise of insurance payouts); the inverse of this ratio
is the liability to equity ratio, analogoué to the debt—equit‘y ratio conventionally used -

to summarize capital structure. The negative relationship between the liablity-equity

ratio and the level of uncertainty is the first implication of the theory that we will -

‘test in the next section of this paper.
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Extension: Initial Equity Endowment

An additional implication follows from a- sir’nplve exténsion»of the model., Let E*
represent fhe optimai equity that would be issued in a competitive insurance market
under either set of assumptions that we have set out in the modél. Suppose now

“that firms are endowed with an amount of internal equity, A, at the beginning of
ﬁhe period on which they do not have to incur issuance costs. This endowment
represents internal capital inherited from reteﬁhed profits earned previousiy. (We
retain the static model assumption that the equity of the firm is distributed entirely
to shareholders at the end of the period.) Then the equilibrium amount of equity,

E, in fhé extended model is B = max(E*, A): if A < E*, the equilibriuﬁ will be

identical to the equilibrium analyzed in the model above. Those firms endo§ved with
substantial internal equity will earn rents on this endowment, .bu.t the contract will
reflect the opportunity cost of éapital at the margin, including the issuance costs.

Fdr these values of A, dE/ dA = 0.‘ On the other hand, when A exceeds E*, tﬁen |

the entire equity is retained until the end of the period and dE /dA =18 Tt is clear
that 'over. the region A > E*, the premium P is non—increasing in A; P is decreésing
in A ()-\}er the subset of this region where the “limitedrliability constraint is binding.

" Tt therefore follows that over this region d(E/P)/dA > 0, or d(P/E)/dA > 0. The

prediction is that past profitability should have a negative impact on leverage.i

8 Allowing firms to distribute internal equity (through a special dividend or share repurchase) at
the beginning of the period does not change the essential results.
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3.3 Evidence

3.3.1 Introduction

Cross-sectional data on a sample of U.S. property-liability insurers allows us in this
section to provide evidence on two aspects of insurers’ capital structure decisions. The
first is the implication from our model that insurers’ leverage should be decreasing in
the uncertainty faced in predicting average risks. While the equilibrium equity in our
model is for particular cases non-monotonic in uncertainty,‘_ leverage — as measured by

the ratio of insurance revenue to equity — is unambiguously decreasing in uncertainty.

The second aspect of capital structure oﬁ which wé offer evidence is the relative
costs of internal and external equity. The extension of our model to include an
endowment of low-cost equity sﬁggests_ that firms with greater access to less costly
internal capital will use less leverage. Recent theory on the economic dynamics of
'insurance. markets relies on the assufnption/ that internal capitai is less costly than
external equity. By a cost advantage to internal capital, we mean simply that there is
a positive cost to the round-trip of distributing Aan amount of cash to equityholders,
then raising the séme amount through the issuance of new equity.. (The basis for
such a cost is well-developed in the literature, e.g. Myers and Majluf (1984)). Up to
now, this assumption has been tested for insurance markets using the time series of

insurance market pricing. The implication of this assumption for the cross-section is
1

that leverage should be decreasing in recent proﬁtability, since this profitability leads

’
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to greater accumulation of internal equity.’

3.3.2 Empirical Proxies and Estimation

The firm Sbeciﬁc data are collected from A.M. Best’s Aggregates and Avelrages
annual reports on consolidated property-casualty insurance companies. These statu-
forir financial information are filed by insurance companies to National Association
of Insurance Commissioners (NAIC) to assist insurance commissioners in regulating
: and monitoring insurance companies iicensed in their respective state. The selected
samplé covérs 852 U.S. property-casualty stock insurance covmpanies from 1‘999 to

2004.

Mean Std. Dev. Minimum Maximum

NPE/E 1.0455 0.6814 0.0003 - 4.5491
S 0.1946 0.4310 - 0.0097 4.8975

SIZE 1,147,510 3,837,997 = 769 50,959,623 -
PROFIT  0.0491 0.2080 -4.0868 1.5836 '
Table 3.1: Descriptive Statistics

The cross-sectional regressions of firm capital structure (leverage) on three hypoth-
esized determinants— uncertainty of insurance loss, firm size, and past profitability,

are specified as

9The tests of both hypotheses for insurance markets- are parallel to tests of capital structure
hypotheses for general corporations that have been offered in the financial economics literature (e.g.,
Bradley, Jarrell and Kim (1984), Titman and Wessels (1988)). ,
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log(NPE/E) = o+ § -1og(SD) + § - log(SIZE) + - PROFIT +¢  (3.21)

vslfhere NPE is Nét Premiums Earned, F is the Policyholders Surblus, SD is the uncer-
fainfy of the ipsuraﬂce loss, SIZE is the firm size, and PROFIT isbpa,st proﬁtability.
These empirical proxies afe defined as follows.
e Policyholders’ Surplus E: the equity of a property-casualty inéurance firm.
o Net Premium Earned NPE: the total insurance policy rex;enue from policies iséued ;
during a given year, édj‘usted for any increase or decrease in liabilities for unearned '
premiums during the »year.m
) Léss Ratio: the ratio of incurred losses and loss adjustment expenses to net premium
earned.
e Capital Structure (NPE/ E) ‘is measured as the ratio of Nef Pfer;iium Earned
(NPE) to Policyholders’ Surplus (F) in 2004 Thlis"reﬂects the relétionship between
" the cﬁrrenﬁ volume of net insurance liability and the equi'ty.
e Uncertainty of the insurance loss S D: is represented by the standard deviation of the
loss ratio from 1999 to 2004. The theoretical model predicts aﬁ inverse relationship

between the capital structure and the uncertainty in insurance market.

o Firm Size SIZE: the costly external equity suggests that it is-more difficult for

10Net Premiums Earned record premium income for the year, prorated for the portion of the
policy that occurs during the year in question. This is not a perfect proxy for liabilities, particularly
in the case where policies are written on an occurrence basis. Where the firm has written occurrence
policies in the past, the premiums have already been earned, but the liability still exists in that
claims may still occur in, the future. ‘
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smaller ﬁrins to issue equity in 'times Qf increasing of aggregate uncertainty; therefore,
smaller insuran_ce firms should tend to keep a higher equity—liabiljty fatio. Warner
(1977), _Ang, Chua, and ‘McConnel (1982) and Titman and Wessels (1988) provide
evidenc.evfor non-financial firms that capital struc;cure is related to firm size. One
explanation for this is that transaction costs ére decreasing in the size of the firm.
Smith'(1977) finds that small firms incur substantially more costs to issue equity than

1 Tn the regression, the natural logarithm of total admitted assets is

large firms.
used aé a proxy for firm size. The- predicted sigﬁ in the r‘egressionlis positive.

° PAastv Proﬁtability PROFIT: A positive cost of issuing equity, or a positive cost of
distributing cash to shareholders imblies a negative relationship between the capital
structure and past profitability. This is because this positive cost df equity implies
~ that the internally Vgenerated funds_ are low-cost source of equity capital for the insur-
ance firm. The sample a\}erage of the profit/surplus ratios from 1999 to 2004 is used

N

as a proxy of firm’s past profitability.

Although there are 852 firms in our sample, a number of these firms are part of
the same insurance group. Our sample contains 345 unique insurance groups. It is
reasonable to assume that there will be some correlation of errors within each group.

We correct for this by using the Huber-White sandwich éstimatof, which provides

1 The transaction costs of issuing securities are defined as flotation costs and costs encountered
in trying to secure the highest price for the firm’s securities. Smith (1977) identified flotation costs
as: (1) compensation paid to investment bankers, (2) legal fees, (3) accounting fees, (4) engineering
+ fees, (5) trustee’s fee, (6) listing fees, (7) printing and engraving fees, (9) federal revenue stamps,
and (10) state taxes. Smith went on to provide evidence which showed that firms enjoy economies
of scale when issuing securities.
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robust standard errors

3.3.3 Results

The results are reported in Table 3.2.

DEPENDENT VARIABLE: NPE/E ‘
R*=0.3218 Coefficient Robust Std. Error t P>|t|

SD - -0.708* 0.067 -10.55 0.000
- SIZE 0.680* 0.023 298 0.003 -
PROFIT -0.638* 0.205 -3.12  0.002
Intercept -3.214* 0.489 -6.57  0.000

Table 3.2: Results

'The estimated elasticity of leverage with respect to uncertainty (SD) is -.708,
which is both statistically and economically s.igr.liﬁcant. This result confirms our
hypothesis that leverage is indeed dgcreasing in the vziriahce of firms’ loss ratio. Firms
faced §Vith more uncertainty do choose capital structures which use less leverage.

Thei.cbefﬁci.ent _§n past profit (PROFIT) is -.638, which is als;) statistically and -
economically significant. This confirms our second hypothesis, which is fhat firms
that_ have greater access to internal 'capitél (1n this case, due to fécent profitability)
tend to use less leverage than do firms with a lesser supply of internal'capitai. This
supports the notion that there is a cost advantage to internal equity, which is at the

heart of previous studies of the behavior of insurance markets.

Finally, the coefficient on our variable controlling for SIZF is 0.680. Larger firms
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use greater leverage than smaller firms, as predicted.

3.4 Conclusion

This paper explores the capital structure of insurers. The focus is on the impact
of aggregate uncertainty, or dependence among risks, since this is the source of an
insurer’s incentive to issue equity. Insurance firms respond to the shocks of increased
risks by taking all or some of the following actions: placing limits on the number or
coverage of coﬁtracts that they offer; raising premium for the policies that théy ibssue.;
and raising more equity. We analyze the equilibrium mixture of these responses in
a cqmpetiti\./e insurance market, and find that the impact of incréasing uncertainty
on the equify decision dependé on the nature of aggregate uncertainty. Where this
uncertainty is in the size of losses, equity increases with uncertainty; where the risk
dependence is in the events of losses, equity first increases then decreases with un-
certainty, providing that individuals are nét tb(; risk aversé. The }latter result follc;ws
from a tradeoff between two effects, lwlhich we label fhe input effect of uncertainty,
and the output effect. In both cases, howevér, the ratio of equity to insurance rev-
enue increases. We extend the model to look at the effect of a cost difference between
i-nt'ernal equity (less costIy) and external equity (more costly). This extension leads.

to the hypothesis that firms with greater internal equity will tend to use less leverage.

We test both hypotheses directly on a sample of' 852 U.S. property and casualty
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stock insurers over a sample period from 1999—2004‘ We find support for both of
our hypotheses. Firms that have higher variance in their loss ratio, our proxy for
uncertainty, use Signiﬁcantly less leverage., supporting our theory fhat uncertainty
and leverage are negatively correlated. Firms that have beven recently profitable,
implying greater interﬁa] capital, use significantly less leverage. This supports the

theory that there is a cost advantage to internal over external equity, which is at the

core of recent theories of insurance market dynamics.
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Chapter 4

Contracting With Agents of

Heterogeneous Risk Aversion

4.1 Introduct‘iof‘n

}

4.1.1 Overview

Firms’ shareholders hife managers vto. look after their interests. Managers’ tasks
can be crudely divided into two ca,tegoriés. ‘The first task is project sglectéon, where
managers deéide what -liﬁes of business ‘tT\le' firm ought to‘ pursue, and What invest-
ments ought to be made. The second task is -effort ea:enf_z'o'n, v;/here managers can
improve the distribution of éventual project outcomes by working harder. It is im-

possible for shareholders to know whether managers’ actions were optimal from their

. perspective on either of these tasks. With respect to project selection, the manager . -
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has an informational advantage that comes about. either because the manager was
specifically hired for his expertisé in this area, or because his position affords him
the opportunity develop a better knowledge of the firm’s opportunities than anyone
else. It is impossible for shareholders to know whether the manager’s project selec-

tion decision was the "right" one. With respect to éff_ort exertion, it is assumed that

shareholders simply cannot monitor the manager’s level of effort.

Dealiﬁg with these problems is the standard purview of the principal-agent liter-
ature. The solution, particularly with respect to motivating the proper effort level
on the part of the manager, is to make part of the manager’s pay pa_ckagé depvend on .
firm performance. The advantage of incentive pay is t.hat_ it aligns shalreholder and
manageriél interests; the disadvantage is that it involves a deviation from optimal risk -
sharihg. Well diversified shareholders are presumed to be risk neufral with respect to
the firm’s idiosyncratic risk. Risk averse managers are unable to diversify their expo-
sure to firm risk, meaning that they piace less value on risky pay than it is expectéd
“to cost the firm’s shareholders to providé it. The standard approach to determining
the optimal conﬁract is trade off the costs and benefits of incentive pay, choosing the
level of power (i.e. émOunt. of incentive pay provided) at which the marginal costs
‘equal the marginal benefits. |

>I motivate this paper With a number bf observations. The first is that managérs

differ in their degree of risk aversion, and that a manager’s risk aversion is not observ-

able. This complicates the problem of choosing the correct tradeoff between inducing
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managerial effort and deviating from optimal risk sharing.

Second, higher ma,hagerial risk aversion is coétly in two ways. First, higher risk
aversion means that the manager puts a lower value. on risky pay. This implies that
the cost of motivating effoft exertion is increasing in ﬁlanagerial risk aversion. How-
ever, manageriél risk aversion is also costly in terms of motivating correct project
selection. When selecting projects, managers have an incentive to choose those that
best fit their o§vn intereéts, as oppéSed to those of ﬁrm shareholders. This becomes
important Wﬁen projects differ in diménsions such as the degree of risk they impose.
- The greater difference in risk prefereﬁces .between risk averse managers and risk neu-
tral shareholders, the gfeater will be the distortion imposed by rhanagers selecting
projects according to _theif own interests. As such, shareholders prefer managers
withAlowér risk aversion for two reasons: it is less costly to motivate effort exertion,
and thesg managers” project selection decisions will more closely match shareholders’

preferred outcomes.

A third observation is that the market for managerial labour, like any labour
market, is a competitive one. Firms compete with one another for the services of
preferred managers, and managers will choose to work for the firm that makes them

the offer they prefer.

These three observations taken together imply the following. From the second

observation, it is clear that firms prefer lower risk aversion managers. From the third
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observation, they must compete againét other ﬁﬁns for the»services of lower risk aver-
sion managers. And from the first observation, such competition is difficult, since a
manager’s risk aversion is his own private information. Firms rﬁust therefore develop
contracts which serve as screening devices, designed so‘.that they will attract low risk
aversion managers. Since all manageré prefer mo}e bay to less, firms cannot compete
for- low risk' aversion managers simply by vraisirllg wages. If they wish té separate
relatively desirable low risk aversion managers from relatively undesirable high risk
aversion managers, they must compete in a manner that exploits the differences be-
tween types. Since lower risk~ aversion managers put greater value on risky pay than
high risk aversion managers, firms have an incentive to offer high-powered contracts as
a screening device. Such contracts appeal to the targeted low risk aversion ménagers,

but not to high risk aversion managers.!

This paper explores the impact that this sele(;tion effect has .ori the design of man-
agerial contracts. I develop a model where firms mﬁst compete against one another
in the managerial labour market to attract managers who aré responsible for both
project selection and effort exertion. Tn this setﬁing, incentive contracts perform two
functions. The first is to serve the traditional role of motivating the correct effort

choice. The second is to act as a screening mechanism, helping firms compete for

!Screening models are more traditionally thought of in the context of insurance contracts, where
an insurer sets out a menu of contracts to offer to customers who walk in the door. The practice
. of hiring a CEO is clearly a much more selective one, and firms put enormous effort into learning
as much as possible about prospective candidates. However, for any executive position the firm will
identify a number of candidates, whose risk aversion will likely remain difficult to discern ex ante.
Similarly, candidates for top positions generally appeal to more than one prospective employer. As
such, a competitive screening model is a reasonable approach to modelling the problem.
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the services of a lower risk aversion manager whose preferences lead to better project

selection.

4.1.2 Literature review

Principal-agent prbblems have ldng been studied in the literature; Papers. by
Jensen and Meckling, Ross, Holmstrom, and Holmstrom and Milgrom are well-known
. early examples Which highlight the difficulties of contracting' bepween a principal and

his agent when the égent’s actions are not easily observed. ‘Thev traditional principal- |
ager;t model developed in most of these (and later) papers is one where an agent, by
exerfing céstly effort, is able to improve the expéctéd outcome of a principal. This is
often described as the agentvexerting "productive effort". A less éommon, but very
interestipg, related form of quel is based instead on the agent exérting effort in
order to. evaluate a number of potential brojects. The principal must motivate the
agent to expend effort to examine several _opportunitieé, and thien implement one of
them, wiﬁh the principal uhable' to obsefvé the agént’s selectioﬁ process or decision
criteria. Lambeft’s (1986) model of "evaluation effort" is one of the earlier ‘models
that capture this idea, which has also been modeled recently by Core and Qian (2002).

. Papers examining the compensation of investment fund managers often use a similar

. Structure.

The early research into principal-agent problems has been taken up with enthusi-

asm recently as efforts to explain the nature of executive compensation have grown
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almést as quickly as the compensation itself. 'Murph‘y (1999), Hall and -Mﬁrphy (2001)
and Core, Guay and Larcker (2002) provide excellent surveys of phe voluminous lit-
erature that has exploded around the ge_r;eral question of why executives are being
compensated as they are, and- whether the compensation they receive is‘c'onsistent

with optimal contracting.

An important research question is to ask how managers behave when provided with
risky compensation. Numgrous papers have argued that this type of pay encourages
risk taking. Taken to the extreme, consider risk neutral managers who are provided
with a call option on an asset whose underlying volatility they control. Since the
risk neutral value of a call voptil'onv ié increasing in underiying Volatility, the managers

would choose as risky an investment strategy as they possibly could.

This solution isn’t very satisfying, particularly because most of the many managers
compensated With share options do not seem to be trying i;o drive their ﬁrms’ volatility |
to unpfece'dented and dizzying levels.? Several recent papers have introduced the
notion that an executive’s risk aversion shquld be considered when analyzing how
risky pay will affect his ‘project or investment selection.' Since the executive has
a gfeat deal of wealth tied up in ﬁrm—speciﬁc securities, in addition to his human
capital being highly correlated with firm performance, it’s not unreasonable to believe |

that a manager will be very concerned about his firm’s idiosyncratic risk. Carpenter

2The Skillings and Enrons of this world remain more the exception than the rule, although some
might wish to debate this.
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(2000) finds thap a'rﬁutual fund manager who is risk averse with respect to investment
performance will, in some Circumétahces, actually behave more conservatively if given
more options. Recently, both Ross (2004) and Lewellen (2003) explore how risk
aversion filters the effect of risky compensation on manaé;erial decision making. These
and other papers make the case that to understand the effect of any compensation
package, a manager’s private preferences toward risk are a crucial element that must

be considered.

Within the context of the executive compensation literature, relatively little has
been done with regard to considering how differences in agents’ risk aversion affects
thé ‘design 'of pay packaées. An exception is Jullien et al (2000), WhiCh" gonsiders
executive éompensation as one application of their model describing how a risk neutral
pripcipal ought to contract with a number of risk averse agents having heterogeneous, .
private levels of risk aversion. Unlike this paper, their model assumes that the firm
takes on numerous principal-agent relationships, as opposed to contracting with only
one agent. Serfes (2005) conéiders a matching game between risk neutral principals
and agents of differing risk ave\rsi'on in a labour market setting. ﬂowever, in this
model agents exert only productive'effort, and do not .rnake project selection decisions.
Wright (2004) presents a model similar to that in this paper, in terms of a setting
featuring two types of agents with firms competing for their services. Again, this

model takes firm risk as exogenous, and agents make no project selection decisions.

Both the Serfes and Wright papers predict that agents of lower risk aversion will
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_contract with firms that are a priori riskier.

Understanding risk averéion, and differences in riék aversion between agents, is im-
po_rtan_t when considering resuits frém empirical compensation studies. The Jensen
and Murphy (1990) result asserting fhat executive pay was "lower" than it ought to
have been ié well known. But interpreting the degree to which pay changes relative
to cﬁanges in firm wealth must be taken in the context of executive risk aversion. |
Haubrich (1994) attempts to measure this for a single type of agent, while this pa-
per emphasizes .that differences in risk aversion and the associated constraints on

contracting should be considered as well.

Aé well, theré is some question as to why the relationship between the degree to
- which pay 1s risky and the level of firm-specific risk is so tenuous. A standard argu-
ment in the literature is that if executives are risk averse, then they should be asked
to bear less fisky corhpensation as firm risk increases. Prendergast (2002) surveys the |
empirical literéturé on this qﬁesti(’)n and finds the evidence is decidedly mixed (three
studies find the predictéd negative relationéhip, three é posit'ive relationship, and six
no statistically significant reiationship). His paper argues that the aml.)iguity of the
contract setﬁing is a cohtributing Afactor. I suggest that differences in risk aversion
may also play a role. For example, risky high technology firms, faced with hiring a

manager to select projects in an unstructured environment, have a strong incentive

to bid for low risk aversion agents. When contracting with low risk aversion agents,
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_ theée ﬁrms can ‘gake advantage of the agént’s risk tolerance by offering high powered }
incentive contracts, despite the relatively high ﬁrm risk. Less risky firms contracting
with higher risk averéion agents wouid then no‘g ﬁecessarﬂy offer higher powered con-
tracts, aespite these firms’ 10§ver return volatility. Thﬁs the relationship betWeen firm
risk and power of incentive contracts would not necessarily be negative, as standard

theory predicts.

4.2 Model: Single Firm, Single Agent

Consider a firm with the opportunity to hire a manager to select a one-period
investment project, and then exert effort to implement the project. The manager
will choose betwéen a safe Iproject and a risky project, the safe project returning a
value of vy, while the risky project’s terminal value will be either Ug OF Up. The prior
probability of obtaining the high or iow outcomes is 1 /2 for each. So that one project
does not dominate fhe othef ex ante, vy, < vy < vy. For ease of expoé‘ition; the risk

free interest rate is assumed to be zero.

N

‘The firm’s shareholders are well diversified, and therefore risk neutral with re-
spect to the idiosyncratic risk posed by the uncertain project. Prospective managers’
prospects for diversification are much less, and they are therefore assumed to be risk

averse with respect to an employment contract that calls for their wage to have a -

stochastic component.
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Once hiréd,' the chosen manager receives a signal 7, which is the probability that
the risky project will return v,. 7 is distributed uniformly over [0, 1]. The signal is the
manager;s private information, and heis unable to corﬁmunicate this signal 'credibly

to firm shareholders.

With the updated signal, vt'he.: rr;anager chooses Between the safe project and the
risky project. If he chooses the safe project, the.ﬁrm’s términal asseﬁ value 1s v With
certainty. The manager does not need to exert any effort in this case. However, if
the manager chooses the risky project, he has the opportunity to exert effort, at a
personal cost of ¢ dollars, to improve the probability of success. If the manager exerts
effort, the probability of realizing the high asset value v, is r (the fealization of the
manager’s signal), while the low value v, will occur with probability 1 — 7. If the
manager does not exert éffort, the prqject will certainly >fail, and the terminal value

of the project'is v, with probability 1.

The manager’s effort is not observable to firm shareholders. To provide the r'na'n—.
ager with an incentivé to exert effort, the firm must offer the manager an incentive
contract; that is, tile manager’s payoff £nust depend on the firm’s terminal asset Qalue. ‘
A contract S therefore takes_ the form S = [80? Sk, Sg), defining t};e paymeﬁt that .the

manager receives for each possible outcome in firm asset value.’

3When productive effort is removed from the model and effort is shifted to the first stage of the
game, the model collapses to that of Lambert (1986). Lambert’s solution differs markedly from the
joint selection-production model developed here.
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4.2.1 First best solution

If ‘the shareholders could obsérve the manager’s signal, and determine whether
| the manager beking on the good project exertea effort, the first best result would
be possible. At the project selection stage of the géme, the investment policy taken
by the manager can be described in terfps of a cutoff point p. When the signal is
below this point, the prospect of the risky project succeeding is too low, and the
shareholders would prefér that the manager pufsue the safe project. When the signal
is above D, the.probability‘of success is sufficiently high, and the shareholders would

-

prefer that the managér pursue the risky project.

In the full informatioﬁcase, the firm pays the manager a fixed wage; w, equal to
the manaéer’s feservation wage. Should the signal indicaté that the risky project is
-worth pursqing, the firm pays the manager a bonus of ¢ to compensate the manager
for the effort réqﬁired to ‘make the gobd realization possible.4 The first best rule is»

to select the risky project if the realization of 7 is such that
g + (1 —7)vp — ¢ > g

Taking the first best cutoff point p% 5 as the value of 7 which makes this an equality

and ‘rearranging yields

« _U—UvtcC

T %wre | - (41
PrB — . (4.1)

4Since both the signal and effort are observable in this case, there is no principal-agent con-
flict. The manager pursues exactly the investment policy. that the shareholders desire, and effort is
verifiable and therefore contractible. '
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The strategy of making the cutoff point, and taking the risky project if and only
if the realization of 7 satisfies r > pip, maximizes expected asset value net of the

expected cost of effort.

4.2.2 Hidden information: the decisions of risk averse man-
agers

When the manager’s signal and effort ievel are not observable, the payment to the
manager can depend only on the realization of firm asset values. ‘The contract must
not only provide the manager with an incentive to exert effort in the appropriate
circumstances (i.e. when he selects the risky project), it must also elicit the correct
project selection decision at the first stége of the game. While this would be simple
if the manager were risk neutrai, in reality managers are risk averse. The problem
. becomes more complex when this risk aversion is taken into account.

The manager is assumed to have negative exponential (CARA) utility of the form

Ulw) = —e o (4.2)

where y is the coefficient of absolute risk aversion. This functional form has the
property that.the manager’s decisions will not change as his level of wealth changes,

which provides convenient tractability when working to solve both the firm’s and the

manager’s respective maximization problems (see Holmstrom and Milgrom 1987).
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‘The manager is assumed to have an outside option which provides a certain pay-
ment of @w. The manager will therefore not accept any contract providing ex ante
expe'cted utility of less than U(w) = U. However, once the manager accepts the

\

contract at the start of the game, the outside option disappears.”

When offered a contract S = (S0, S, S¢], the manager will choose the investment
cutoff p to maximize his own utility. That point is where the manager is indifferent

bet_wéen pursuing the safe project and exerting effort on the risky project:
Ul(so) = (1 —p)U(sy — ¢) +pU(sy — ¢) : (4.3)

This implies that on a given contract, the manager’s chosen cutoff point p is given by

p=P(S) = U(sp) — U(sp — ¢)

U(sg—¢)—U(sp—¢) (44)

4.2.3 The optimal contract

The}ollowing expressions are useful in the derivation of the optimal contract. Re-
call that the updated signal of risky project’s probability of success, 7, is distributed
uniformly over [0, 1]. However, the ez ante probébility of the ultimate outcome be-
ing the successful risky project depends not oniy on the realiAzation of the updated
signal, but also on Whether or not the signal is: greéter than the cutoff point p. Since

contracting decisions are made prior to the transmission of the updated signal, it is

5This rules out a strategy where the manager waits to observe the signal and quits if it is not to
his liking. '
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“helpful to derive ez ante probabilities for each of the three outcomes (safe project vy,

successful risky project v,,-and unsuccessful risky project v;) given a cutoff point p.

Since the signal 7 is distributéd uniformly over [0, 1], and the safe project is pursued
for any realization below p, the probability of pursuing the safe project is F(p) =p,
where F' is the ﬁniform CDF of 7. The other two outcomes first require that the
_ signai be greater than p. The ex ante probability of realizing 1the good distribution
conditional on the project’s signal meetiné; the cutoff point is / rf(r)dr = %(1 ;pz).

' p
A similar argument can be made to show that the prior probability of realizing the

bad return is 3(1 — p)2.

Let V(p) be the expected value of the firm’s assets under investment policy p,
and C(S;p) be the expected wage cost of offering contract S when the manager’s
investment cutoff policy is p. The firm’s objective is to maximize expected profit,

7(S;p), where

n(8p) = V(p) = C(S;7) | (45)

and
V) = et s0-pP (46)
C(S;p) = pso+ %(1 —p)sg + %(1 —D)sy | Y

where the probabilities associated with each outcome are the ez ante probabilities of

the outcome ocCufring given the investment poiicy .
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The maximization problem is subject to the following constraints:

PU(sn) + (1= U5, — )+ (L= pPU(ss—) > U (4.8)
(1=p)U(ss —c) +pU(sy —c) = U(sy) (4.9)

(1=p)U(ss =) +pU(sy —¢) = Ulso) ~ (4.10)

FEquation 4.8 is the manager’s incentive compatibility constraint, requiring that

ex ante the manager’s expected utility from pursuing the investment policy p under
the contract meet his level of reservation utility. Equations 4.9 and 4.10 aré the-
individual rationality constraints which govern behaviour at the second stage of the
garﬁe, after the manager receives the signal. Equation 4.9 requires that the manager
prefer to WO?k under the contract than simply select the risky project and exert no
effoft. Equation (4.10) requires that the manager not prefer to exert effort under the-
risky projeét rather’ than avoid effort by selecting the safe project whén the signal is

equal to the cutoff point.°

4.2.4 Solution properties

Proposition 4.1 In the single agent, single firm case, 4.8 binds in eqmlz’bm'um.
Proof: Equation 4.8 is the incentive compatibility constraint, and holds that the

manager’s expected utility upon taking the contract must meet his level of reservation

6There are a continuum of incentive compatiblity constraints with respect to the payout from
the safe project, one for each realization of the signal . In equilibrium, all are redundant except
for 4.10, where r = p. 4.10 is a rearrangment of the condition from 4.4 requiring that the manager’s
- chosen cutoff point p satisfy P(S). :
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utility. Under negative exponential utility, a utility function of the Constant Abso-
lute Risk Aversion (C.ARA) class, the decisions the manager makes.wjth respect to
investment and effort decisions depénd on the relative. differences between4 So,Sp and
Sg, not on their absolute levels.

Consi.der, aﬁy contract S,motivating cutoff pbint p = P(S), for which the incentive
compatibility constraint 4.8 does npt bind. Theré must always exis"é .a contract § =
S — €, under which ¢ is subtracted from the payment in every étate made under the
original gontract. €ls suﬁﬁcienﬂy small such that 4.8 remains satisfied. ’i‘aking 4.4 and
substituting U(w) = —e~ ", both contracts motivate the same decision p = P(S) =
P(S):

s (glssee))

P(S) =

(—e—_’Y(sb—c—e)) _ (__e—'y(sb—c—e))
(__e—’Y(SO) - (_e—’y(sb—c))) e*’Y(—E)
((—e=(se=0)) — (—e=7(s6=0))) e—7(~¢)

= P(S)
Then it must be that
7(8;p) < 7(S;p)
as the expected asset value is the same under each contract, while the expected wage

cost is lower under S. S cannot be optimal. QED

Proposition 4.2 At an optimal contract S, p = P(S) > php.
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Proof: Define

W(Sip) = pU(so) + 5(1—P)Uls, ) + 5(1 U5y o)

for S = (so, 54, 5b)

Consider a contract S such that P(S) = p < p}p. Consider a deviation from S given -

v l — : o
by S = (50, 54, %) = (S0 + 2—(1?1)—2)6, 34 —€,8). Then evaluate ¥ for S under the old p.

This expression is greater than it was under S:
U(S;p) < T(S;p)

since S is a mean preserving spread of S.” Because P(S) # P(S), the agént’s equi-
librium investment policy under S changes and is given by § = P(S). Because P is

utility maxirrﬁzing under S
Define ¢ such that
Then

m($;p) = 7(S;p) < 7(S — t;P)

The first and second terms are equal since both are evaluated at p and the spread

7N_ote that while ¥(S;p) can be evaluated for any p, it is not necessarily the case that p satisfies
P(S). However, for ¥(S;p) to represent the true equilibrium expected utility from S, p must satisfy
p = P(8).
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from S to S is mean preserving.®

P(S) > P(S)

because the individual -ratioﬁality constraint '(4.9) is satisfied for fewer realizations of
7 under S than under S. P(S) < p%p and P(S) < P(8), therefore V (p) < V(ﬁ) For
¢ sufficiently small, all surplus from the move from (g,p) to (§ —t,p) accrues to the
firm. Thus given any contract P(S) < ptp a Pareto dominant contract exist;s, and S

cannot be optimal. QED
Proposition 4.3 In the single agent, single ﬁ?"m case, 4.9 binds in equilibrium.

Proof: Consider a contract S = (%0,4,,34) for which 4.9 does not bind. Let

p= P(S). For small ¢, define S such that A o : N\
y . 3(1-p)?
So = 8o~ Z €
p
59 = $
51; = S,b + €

so S is a mean preserving spread of S given p. Then
m(Sip) = (S)

but

W(S;p) < ¥(S;p)

8Note that Tr(é, P) cannot be an equilibrium level of profit because the expression is evaluated at
pand § # P(S). - » |
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A

. because the risk averse agent prefers to avoid the lottery presented by the mean
preserving spread in S. Because P is not a utility maximizing investment level for

contract S, sihce P(é) = P, we have
U(S;p) < ¥(S;p)
Define t such that
U(S —t;5) = U(S;p)
and note that B = P(S) = P(S —t) under CARA utility. Finally,
(S — t;5) > m(S; p) = n(S:p)

because prp < P < p, and the downward shift of ¢ in C allows the principal to capture
the surplus. Thefefore, when 4.9 does not bind for S, there exists a Pareto dominant
contract that leaves the agent’s utility unchanged and makes the principal strictly

better off. QED

Corollary 4.1 At the optimum sy = s,. That is, the wage paid for selecting the
safe project is set equal to-the wage paid when the risky project is selected and the

bad return is realized.

Proof: Equation 4.9 binds and 4.10 is an equality. Both are identical on the left

hand side, so U(sy) = U(sp). By monotonicity of the utility function, s, = sg. QED

Since équations 4.8 through 4.10 bind, it is possible td determine the minimum
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cost contract to motivate a given investment policy p. Substitute s, = sg into 4.4:

U(sp) —U(so —¢)

p=P(s) = g it (41)
Define g = s, — s, and since U(w) = —e™ ", one can factor out e™*° and write
P - P(S) = U(’;(g) ;Y(U_(C_)c) (4.12)
Solving this expression for g yields
. 1—e7(1-p) ] -
g=G@%=wnLn& ; q (4.13)

Define w = s as the fixed wage for a given contract S. For a given g, the firm chooses
w S0 as to strictly satisfy the incentive compatibility constraint(4.8). The dimensiori
of the contract space is reduced to a fixed wage w, and a bonus g paid when the good
state is realized. I abuse notation by retaining-S to denote (now) two dimensional
contracts. Efficient contracts therefore take the form S = (w, g), where g is the bonus
that motivates the agent to pursue investment cthff policy p, and w is the wage

required to meet the agent’s reservation utility strictly.
The expected wage cost of motivating an investment cutoff point p is
C(S;p) =w+(1-p*)g

where g = G(p). It is therefore possible to calculate the expected wage cost, C(S;p),

of motivating a given agent to puréue any cutoff point p, as well as the expected asset |

value, V(p), from the cutoff point, p. The firm then chooses the contract S which
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“motivates the cutoff point p, at which point the marginal expected wage cost of a

filef _ 8V

change in p is equal to the marginal increase in expected firm value, B T Bpo_s
p=p p=p

QED

Lemma 4.1 The mazximum expected wtility (measured in terms of a certainty
equivalent payment) an agent can derive from any contract is decreasing in the agent’s

risk aversion.

Proof: Let W;(S;p) be the expected utility that an agent of risk aversion 7,

derives from contract S evaluated at p.
1 2 1 2
P(S;p) = pUi(w) + 5(1 —p)WUilw+g—c) + ’2‘(1 - P)v Ui(w — ¢)

Let CE;(¥;) be the éertainty equivalent of any expected utility ¥; for an agent of

- risk aversion 7;:

Consider an agent L having risk aversion 7;, and an agent H having higher risk
aversion yy = 7y + €. Consider the expected utility either type derives from contrac;t '
S by pursuing investment policy py = Pg(S), where pp is the high type s utility
maximizing inves‘gmeht cutoff point under the contract. Using the fact that the

agents’ utility functions are of the form U; = —e™™i:

| 1, 1
\I}Z(Syp) = pe_'Yi(w) + 5(1 _ p2)e—7i(w+9“c) + 5(1 _ p)Qe—%(w—C)

;

This is equivalent to the utility from a fixed payment w and a lottery paying —c with

probability 1(1—p)?, 0 with probability p and (g —c) with probability 3(1—p?). Each




114

agent places the same value on the certain payfnent w, and the diffex;enée\in certainty
equivalent utility derived under thé contract depends on the value each places‘on the
lottery. Because H is more risk averse than L, Uy(x) is a concave transformation of
Ur(x). Then it must be the case that L is willing to pay more than H for any lottery.
Therefore | |

CEL(UL(S;pr)) > CEn(Wu(S; py))

To complete the proof, observe that while type H pursues his expected utility max-
imizing investment policy py = Py(S), the policy is nof'utility maximizing for L,

whose utililty rhaximizing poiicy pr, satisfies p;, = PL(S) Thgrefoi"e
WL (S;pr) > UL(S;pr)
It follows that
CEL(YL(S;pL) > C'EL(‘I’L(S;Z?H)) > CEy(Yyu(S;pu))
which proves thellemrria.9 QED

Proposition 4.4 The expected wage cost of motivdtz’ng any investment policy

p < 1, 1s increasing in vy, the manager’s risk aversion.

Proof: Consider an agent L having risk aiférsion vr, and an agent H having

higher risk aversion vy, = v, + €. Both demand the same certainty—equivaleﬁt wage,

91f p were ﬁxed,‘this lemma would be simply a representation of one of the outcomes of increasing
risk aversion described in Rothchild Stiglitz (1970). It is the endogeneity of p that makes this result
non-trivial. ) '
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w. Let SL = (g, gr) be the least cost contract that motivates type L to pursue
investment, .pol.icy p, and let Sp = (wy, gg) be a contract motivates type H to pursue
p. To prove the proposition,' consider a contradiction: C(Sy; p) = C(Sz;p). From
413, % > 0,50 gu > i Let |

Ag=gn—dr | - (419
and

A =y — by | (4.15)
Deﬁﬁé the difference in cost under the two contracts as

AC =C(Sy;p) —C(S;p) =0 , (4.16)

Since AC' = 0 if there is no difference in cost, then

AW = %(1 —*)Ag (4.17)

Sy is therefore a mean preserving spread of S.. Because the agents are risk averse,
Uy(SL;p) > Uy (Sa;p) | (4.18)

Consider the utilit}-/ of agent H under S;. Let P = Py(S1) be the utility maximizing
investment cutoff for aéént H uﬁder S, Bécause p is not utility maximizing for type
H 'uhder the contyact

Uy(SL;p) < U(Se; p) | o (4~19)1

From the previous lemma and 4.19

CEa(Uu(S1ip) < CEL(W(Sip) (4.20)
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Because Sy, is the least cost contract to motivate L to pursue p, the incentive com-

‘patibility constraint must bind, therefore

| (4.21)

 CEL(YL(SL;P) =@

Then

CEy(Yy(SL;p) <w | (4.22)
Because Sy is a mean preserving spread of S |

‘I’ﬁ(S’H;ﬁ) < Uyu(S1;p) (4-23)

then
CEu(Un(Smp) < CEn(WaSup) <w  (429)

Since
Uy (Sirsp) < Un (@) )

Sy is not an equilibrium contract. The minimum cost contract to motivate H to S

pursue p is some contract Sy = (g =Wy +t,gy = gH)-v&;jth t deﬁned SO
Uy (Su;p) = Un(w) . N , (4.-26')

Since t is a ﬁxéd wage payment, and Sy is a mean preserving spread of Sy,
C(Su;p) > 4C(SH.§1§) = C(Sw;p) | | (4.27)

Since this is true for any € increase in risk aversion this proves the proposition, so

aC(S; P(S))
oy

>0 _ (4.28)
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QED

Proposition 4.5 The expected wage cost of any least cost contract S motivating

p 1S decreasing in p.

"Proof: Consider a least cost contract S = (1, §) that motivates p = P(S), and

[

a second least cost contract S = (1, §) that motivates § = P(S), where § = p — e.1°

From 4.13, ‘9 < 0,80 § > §. Let. Ag be the difference in the expected value of the "

' bonus payment between S and S

Ag=5(1- )G 9)+ 510~ ) — (1~ Pl (429)
Let
Aw =1 — o (430)

Taking contract S is equivalent to taking contract S (from which the agent derives

reservation utility U(w)) and paying Aw for a lottery with expected payout Ag. Let

W(Ag)= 51 - AU(G = §) + 51~ F) — L-FNUE)  (43D)

be the agent’s expected utility from lottery. Because \I/(S, p) = \I/(é, p) and the agent

has negative exponential utility

U(Aw) = ¥(Ag) : (4.32)

0Note that a lower p is a more aggresswe investment policy, since the risky project w1ll be chosen
for more realizations of 7. :
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Because the utility function is concave, one can apply Jensen’s Inequality to the left
hand side of 4.31 to see that /
U(Ag) > ¥(Ag) . (4.33)

Combining 4.32 and 4.33, it must be that Ag > Aw. Since

s 2

cEp) - CSp) = Ag—Aw ) (4.34)
> 0

the. expected cost, of the least cost contract is higher to motivate p = p — ¢ than p.

The result holds for any € and proves the proposition, so .

o0C(S; P(S))

QED

Proposition 4.6 The optimal cutoff point p is increasing in the manager’s risk

aversion, i.e. Py, > Py, where vy > .

Proof: The firm’s objective function is maximized at P such that

p p=p dp p=p

V(p) is a function of p only and independent of the risk aversion implementing the

~policy. To show that V (p) is concave, note that

V) = pwt (-t (437)
a—‘g}gﬂ = vg— pyy, — (1 —‘p)vb | | (4.38)
OVip) _ —(v,—m) <0 (4.39)
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Because V(p) is concave, and we know that the optimal cutoff point $ for any risk
averse agent is less than the first best, pyp, to prove the proposition it is sufficient to

show that

92C(S; P(S))

iy <0 : (4.40)

at every point p < p};J B

Consider two agents, type L with risk aversion v, and type H with risk aversion
vy = v, + ¢ Consider the the pair of least cost contracts S, = (i[JL,g'L),SH =

(Wy, g) that motivate investment policy p for both agents:
P(Sy) =Py(Su)=p , (4.41)

Consider the cost of motivating either agent to reduce the investment cutoff point to
p=p—26. Let Sy = (W, Jr), Sy = (Wy, gr) be the pair of least cost contracts that
motivate the type L and type H agent, respectively, to pursue the new investment

policy. By definition, these contracts satisfy
P.(S.) = Py(Sk) =p (4.42)

Define Ag; and Agy as the increase in the expected bonus payment under each

of the two pairs contracts:

Mgp = S0-P)G -6+ 5[0~ (- Mg (443)

gu = 5= — )+ 510 - ) = (1= Plgw (440
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Let Aw;, and Awy be the difference in base pay under each of the two pairs of

contracts:

Awy, = by — 1, (4.45)

A’UJH = Lf}H - 'le : . (446)
Let AC, and ACy be the difference in cost for each of the two pairs of contracts:

ACL = AgL—'AwL - (447)

From 4.13, %% > 0 and ‘% < 0, so

g < dm | T (4.49)

g < gm -  (4.50)
(Gr—91) < (Gu—gn) (4.51) .
Agr < Agu - (4.52)

For agent H, accepting Sy and pursuing investment policy p is the same as accepting
S , pursuing p, and paying Awy for a lottery with expected payout Agp. Because

Sy, Sy are minimum cost contracts, both satisfy type H’s reservation utility exactly:

»,

Uy (Sw;p).= Yu(Sy; p) , (4.53)

Then it must be that

Uy(Agy) = Uy (Awy)  (4.54).
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From concavity of the utility function, for this equation to hold, Agy > Awpg, and

therefore |
ACy — Agy— A@H ' | (4.55)
> 0 |
Deﬁng AWy, as the amount agént L is willing ;co bay for a lottery paying the dist?i—
bution‘ Agy: |
| ¥4(Aga) = Un (i) (4.56)
Because type H’s utility function is a concave transformation of type L’s, type L

assigns a higher valuation to the uncertain payment, so

Ny > Awg (4.57)
Define AC}, as. |
ACH, = Agi — Ay, - (4.58)
Be;:ause. ACH = Agy — Awgy
AC; < ACy - (4.59)

Now consider-the reduction in base wage the type L agent takes moving from Sy to
g L.
\I’L(AgL) = UL(A’LUL) (460)

From equations 4.56 and :4.60, and by concavity of the utility function, it must be

that

AW = Awp, < Agy — Agy,
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because the certainty equivalent amount type L is willing to surrender in moving from
lottery Agyr (the left hand side of 4.56) to lottery Agy (the left hand side of 4.60) is

less than the difference in expected payout of the two lotteries. Therefore
ACL < AOL <'ACH

< 0. This is sufficient to prove the

This holds ¥ p > phy, e, d, therefore 20EP(S)

3y

proposition. Because this holds at g,ny poiﬁt D > Prg, ,the slope of %5(5)) becomes

steeper at any point p as v increases. Because V(p) is concave, the point at which

oV(p) . 9C(Sip) S s
= is incr . QF
B pesp “9p  pp 15 INCTEASINg in 7y Q D

Proposition 4.7 The equilibrium expected profit 7?(§ ;D)) is decreasing in 7.

Proof: Considgr two agents, L with risk aversion cogﬂiéi_ent v, H with fisk aver-
sion coefficient v, = v, +¢€. Let ﬁi,}z' = {L, H} be the equilibrium profit maximizing
investment policy for agent . From the previous proposition, p;, < py. Consider the
profit from motivating either agent to pursue investment policy py. Let Sy be the
contract vthat_ satisfies py = PH(S 1), and define S, as the contract which satisfies
pr = PL(SL). Then the expected profit from each.of the contractual relatiohships to

moﬁv_ate the investment policy is py given by

(Swipu) = V(pu) —C(Swipu) (4.61)

w(SLipu) = V(o) — C(S1; ) | (4.62)

Because the expected cost of the wage contract motivating any investment policy p
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is increasing in risk aversion,
C(Su;pu) > C(SL;pn) (4.63)

Therefore

w(S;pr) > 7(Swi par) (4.64)
The profit maximizing contract for the type L ager_lt, is S, and satisfies p;, = PL(Sy).
By definition . |

7(SL;pL) > m(Si;pn) o (4.65)
Therefore

W(SL;ﬁL) > W(SH;ﬁH). (4.66)

This holds for any ¢, proving the proposition. QED

4.2.5 Discussion

Thé solution to the single agént case d'emonst;at.es that the agent’s risk aversion
is important from the perspective of the firm’s shareholders. It also. demonstrates
that low risk aversion agents are desirable for two reasons. The first is the wdge cost
effect. The cost of motivating a given investment policy ié increasing in the agent’s
risk a'version.- This occurs because correct effort and project selectioh choiées can

only be motivated by risky pay. The cost of this is the deviation from optimal risk

sharing. Risk averse agents look at a contract and demand that. the éxpected utility
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it offers meet their level of reservation utility. Firm shareholders are risk neutral, and »
are only interested in the expected cost of the wage 'package. The more risk averse
the manager, the more costly it becomes for the firm to offer a risky pay package

meeting a given level of expected utility.

The second reason that low risk aversion agents are more desirable is the project
selection effect. As the agent’s riék aversion increases, the best investment policy that

- the agent can profitably be persuaded to follow is increasingly distorted from the first
best case. This distortion ‘takes the form éf underinvestment, meaning that risky
projects are rejected that the shareholders would ideally prefer a perfectly alignéd
manager to pursue. ‘This occurs becausg as the agent’s risk aversion increases, his

risk preferences are increasingly different from those of risk neutral shareholders.

4.3 Model: Competitive Labour Market, Two Agent
Types

Consider the same problem, but in the context of a labour ﬁarket where the
shareholdefs of n identical firms must compete with each other for ﬁhe services of
managers.. These managers are identical in every réspect,- with the exception of their
risk aversion. There are m agents of type L.With low risk aversion 7y;, while the

remaining agents have risk aversion 7y, v > 7v.. m is less than n, so all m type L

agents are employed. The remaining n — m jobs are filled by agents of type H.
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An agent’s type is private information, and cannot be communicated to firm

shareholders. As such, firms offer incentive compatible contracts [Sz, S| that leads

agents to truthfully identify their type through the contract they choose.

However, firms do not operate in isolation. They operate in a competitive labour
market, where all firms will bid for the services of desirable low risk aversion (type

L) managers. The equilibrium concept is a Nash equilibrium in contract offers.

A Nash equilibrium in this market takes the following form: m firms offer contract
S, and hire a type L agent, n — m firms offer contract Sy and hire a type H agent,
and no firm has an incentive to deviate by offering some other contract S’. One

condition of such an equilibrium is that

7(Sr;pr) = 7(SH;pu)

4.3.1 Full information éase

To illustrate the importance screening plays in the equilibrium, first consider the
equilibrium in a case where agents’ type is observable. Each firm can offer a contract
designed for a given type of agent. Both agents demand a certainty equivalent wage
of w to participate in the game. The equilibrium invgstment cutoff point, p;, is the
same for each agent as it would be in the single agent éase. The investment cutoff is

‘ the one which satisfies

V(ip)  _9C(S;p) - (4.67)
O pepii 7/ — :
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.)Contracts are of the form S; = (w;, ¢;), and are the minimum .cvost contract that
motivate the investment cutoff p;. The propositions proved in the previous section -
show that in equilibrium, type L agents pursue a more aggressive ‘investn.qent policy,
Pr < PH. .When each agent is held at hié reservation utility, it is more profitable to
contract with type L agents. If there were more type L agents than firms in the market
(m > n),vthen there would be no role for type H agents. Since m(SL;pL) > W(SH;;bH)

when the incentive compatibility constraint binds for both types, hiring a type L

agent is more profitable, and all firms would do so.

However, Whér_l there is a shortage of type L agents relative to the total number of |
firms needing agents (m < n, as is assumed to be the case), type H agents have a rble :
to pléy in the labour market. If ﬁfms We‘re able to céntract either t_ype of agent at
their reservation level of utiiity; then it would be profitable to choose .type‘ L agents.
Any firm contracting with type H would have an incentive to deviate from such an
equilibrium offering a contract Sy, = (W, + 6, §z). This deviation increases tyi)é L’s
expected utility by increasing the fixed payment by 4, while leaving the .bo‘nus QL;

and therefore the investment policy pr, unchanged.

Because in equilibrium firms must not have incentive to deviate, the pair of con-

tracts S L, Sy that would each be optimal in a single agent framework cannot consti-

tute an equilibrium. Firms contracting with type L agents offer an increase ¢ to the
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fixed wage, defined as:
t= ”(SL§ﬁL) ”.WH(SH;ﬁH) ' : (4.68)
where Sy, is the least cost contract motivating type L to follow py, in the single agent

case, and Sy motivates type H to follow py.
The equilibrium contract meﬁu is then
Sp = (Wr+1%91) ' (4.69)
Sy = (Wn,Jn)
© These contracts motivate p;,py respectively, and
n(Se;pn) = 7(Swipn) ~ (4.70)

Type H agents are kept strictly at their reservation level of utility."! Since type L

agents create more asset value and are in scarce supply, they earn rents in equilibrium:

U(Sp;pL) > U(Sp;pL) = Ur(w) (4.71)

In this full inférmation case, there is no need to worry about self-selection con-
straints on the pair of contfécts. The rents paid to type L come in the form of
increased base pay, t. The level of investment under the contract for typé L, pp, is
the same as it would be if only tyi)e L agents wer'e present in the labour market, and

the same holds true for investment under the contract for H.

"'In a competitive market, this reservation utility U = Ug () is such that there is zero expected
profit net of wages. :
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It is instructive to consider the nature of rents paid to type L in this case. These
rents are not informational rents, since this is a full information case. Rather, these
are Ricardian rents accruing to type L because of their value (from their ability to

generate a higher expected firm value) and their scarcity in the market.

4.3.2  Private information case

The game changes when the agent’s type is private information. In equilibriufn,
firms. offer screenin‘g‘contracts that eli‘cit truthful revelation of type. As such, the
contract for type ¢ must not only sat.isfy the constraints of the single agent case, but
also Seif—selection constraints: These preveﬁt one type from mimickiné the other and

choosing the contract designed for the other agent. |

The expected profit for a firm cbntracting with an agent of type ¢ using contract

S; = (wy, g;) to motivate p; = F(S;) is

m(Si;pi)) = V(p:i) — C(Si;p6) ' (4.72)
where
Vip:) =. pwo+(1—pdv, + (1 - p%-)%b | (4.73)' |
CSip) = wt(1-rlg e

Define agent i’s expected utility from pursuing investment policy p on contract S as

W(S5p) = pUi(w) + 5(1 — Uil + 9 = ) + 5(1 ~ PV Uil — o)
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Then in equilibrium contracts S; = {S .S g+ must satisfy

Ui(Se;pi) > Uy(w) o (4.75)

A 2, . Ul(O) — Ui('—c)
pi = ]Di(si)‘— UG — ) — Ui(—0) (4.76)
vEap) > WEwm=PRG) (4.77)

with [i, ] = [L, H], i # j.
4.75 is the incentive compatibility constraint, and assumes that each agent has
the same reservation certainty equivalent wage, w. Equation 4.76 defines a type @

agent’s individually rational investment cutoff decision for a given contract.

Equation 4.77 is a sélf—selection constraint which requires that agent 1 prefer con-
tract S;, that intended for his own type, rather than the contract intended for the
other agent. W;(S;;p; = P;(S;)) represents the highest expected utility an agent of

type i could obtain by taking the contract intended for the other agent type.

Each firm maximizes its expected value, subject to the contracts offered by other
firms in the competitive market for managerial labour. In equilibrium, firms must
have no incentive to deviate, and must therefore be indifferent as to whether they

contract with type L or type H agents. Therefore
7(Se;pr) = m(Su; Pu) . (4.78)

in equilibfium. This equation holds that expected asset value less expected wagé

costs must be the same for either agent type in equilibrium.
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Before moving to the formal characterization of fhe equilibrium, it ié helpful ,to
discuss the possible outcomes heuristically. First,‘ type H agents receive the same
contract as they would in the single agent case. Becéuse type H agents add less firm
value than type L agents, firms do not have an incentive to bid for their services
beyond the basic level of utility they would receive in the single agent case. Since
firms have nobincentfve to change the contracf they 'offer' to type H agents, Sy is
the same contract as would be offered Without the introduction of a second (more

desirable) type of agent.

Type L agents will receive rents, as demonstrated in the full information case.
What may change, depending on the parameters, is the way in which those rents.
are paid. Relative to the single agent type case, type L agents receive rents based
on their ability to add more firm value than type H. Because in equilibrium firms
must be indifferent between hiring either type of agent, and type L agenfs create

_ highef valued firms gross of expected Wége costs, expected wagé costs, énd ultifnately

expected utility, are higher for type L.

However, the manner in which type L agents receive their rents depends on the
relative value type H agents place on their own contract, Sy, and the contract in-
tended for type L, S;. As long as type H agents prefer their own contract, firms can

pay rents to type L agehts in the most efficient way possible: increase base pay on

S.. If there is some level of increased base pay, without changing type L bonus pay,
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at which firms are indifferent between agent types, then type L agents receive rents

in the form of increased base pay only, and there is no change in investment policy:

However, if base pay to type L inc;eases to the point that type H agents would
start to prefer the type L contract if base pay increases further, and firms still prefer
type L agents, then rents paid to type L ageﬁts muét take a second form: increased
bonus pay, in addition to the increased base pay. This solution has the advantage
that the more risk averse type H agents find the bonus pay less attractive than
do type L agents, thereby performing the screening functiop required of the contract
menu; However, increasedAbonus pay changes type L investment policy from the single
agent case, and ‘is an inefficient means of paying rents relative to the full infromation
solution. Because the rents come in thve.form of risky pay, risk averse agents value

the bonus payments less than they do certain payments.

Properties of the equilibrium

Lemma 4.2 The equilibrium wage contract designed for the typé H ageht, S , 1S
the same contract that would be offered in a labour market populated by type H agents

only.

Proof: As in the single agent case, the incentive compatibility constraint (4.75)
must bind for.the type H agent. Because it is more costly to motivate type H agents
to pursue any investment policy p, there is no reason for firms to work to attract a

type H agent over a type L agent. As such, firms contracting with type H agents

{
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design the contract which maximizes expected profit. This is the investment cutoff
py that satisfies.
v 8C (S; o
Op pP=PH Ip P=PH )

These are exactly the same equilibrium conditions as in the single agent case, so Sy,

is unaffected by the presence of the type L agent in a labour market setting. QED

Proposition 4.8 Type L agents earn rents in equilibrium, and the incentive com-

patibility constraint (equation 4.75) does not bind for type L agents.

Proof: Consider é contradiction. Let S, be the equilibrium wage contract, in-
tended for type L agents, offered by m ﬁfms. Let Sy be the contract offered by
n —m firms, intended for type H agents. If the type L agent’s incentive compati'bi'lity
constraint binds, then |

Vi(SeipL) = UL(®) (4.80)
From the previous proposition, we know that type H’s incentive compatibiliﬁy con-

straint binds:
V1 (St3n) = Un () | (4.81)
From the previous section, the type L agent can generate a higher Certainty equiv-

alent utility than type H on any contract. Therefore

CCEL(U.(Supr = PL'(SH)))>CEH'(\1'H(§HA;73H))=1D (4.82)

> CEL(V(SL;pL)) ‘ | | (4.83)

U(Suipr) > Wi(SiipL) - - (4.84)
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Equations 4.82 - 4.84 show that S, violates the self-selection constraint 4.77.
Therefore, type L’s incentive compatibility constraint cannot bind in equilibrium, -

and type L agents earn rents. QED

Proposition 4.9 If for an equ;libm'um pair of contracts Si,Sy the self—selectz’on
constraint 4.77 does not bind for type H agents, then S; motivates the same invest-
ment policy pr as would be optimal in a labour market populated by type L agents

only.

Proof: Let S H‘ be ‘the equilibrium contract offered to type H agents. Let S; =
(W, gr) be the contract that motivates the same investment policy, pr, as would be
optimal in the Single—agent case populated only by type L agents, and satisfies the

self-selection constraints so that

Ur(Seipr) > Vi(Swipr = Pu(Sw)) (4.85)

Uy(Suipu) > Uu(Seipw = Pu(SL)) - (4.86)

as well as the equilibrium profit condition
RICTH A C %) : . (4.87)

Since S; motivates the single agent case investment policy,

9V (p) _ 9C(Su;p)

grvp) = (4.88
Op pep,.L o pepL )

Let S, be a contract that motivates a different investment policy, pr, and keeps the
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type L agent’s utility unchanged:
U (Seipr) = Ur(Seipr) _ - (4.89)

where

Sy = (i, — f(8), 5L +06) (4.90)
Because PL(Sy) # PL(S L), any 0 implies lower expected profit for the firm, since

0C(SL;P)

oV (p)
£
dp

— (4.91)
I pmpy1

p=pL,L

Because this is true for all § , there exists no contract which is a Pareto improvement

over S 1, which proves the proposition. QED

Proposition 4.10 Let py, be the level of investment motivated by optimal contract
for a labour market populated by type L agents only, qnd let §;, = ‘GL(ﬁL) be the
bonus payment that motivates the type L agent to }mrsue polz:cy pr. Let S L,S’ H be the
equilibrium contracts. If there exists a contract Sy = (W, ér) for‘ @hz’ch (i) the type
H agent’s self-selection constraint binds, and (zz) for which ﬂ(SL;]iL) > w(Su; pu)

then the equilibrium contract for type L motivates a more aggressive investment policy

than in the single agent case.

Proof: S;,Sy cannot be an equilibrium as W(SL;]ﬁL) > W(SH;ﬁH). The equilib-
rium type L contract, Sy, must satisfy 7(Sp; pr) = n(Sy; pr). Therefore 7(Sy;p1) <
m(S1;PL).

Because

Uy (Su;pu) = Yu((Se; P = Pu(St)) - (49
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then for any contract §; = (L + €, g1) it will be the case that

(8w pu) < Py (S pn) | (4.93)

. .
as the base wage is higher for S, but the bonus payment is the same for both contracts.

This makes the agent strictly better off, and violates the self-selection constraint 4.77

for agent H. Then the equilibrium contract S, must be'such that Wy < 0.

The equilibrium contract menu S;,S; must therefore satisify

Ur(Sp;pr) = Ur(Sipr) - (4.94)
Uy(Suipn) < Yu(Si;pu = Pu(SL)) (4.95)
m(SL;p) = w(Sw;pm) (4.96)

For any contract S; = (W, —'€,41), € >0,
: \IIL(\SL.;éL) <O (Spp) (4-97)
Because wy, < Wy, by eQuation 4.94:
gL > g, - - (4.98)
Because gL > §r, and g—;’ <0, pL > Pr.

Finally, for there to exist an equilibrium contract Sy, it must satisfy

| Uu(Sp;pn = Pu(St)) = @H(éL;ﬁH = Py(S.)) (4.99)

U (Sp;pr) > Wi(SpipL) = (4.100)
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Let Aw;, = wy, — Wy, and Agp, = g1, — gL §L is equivalenf to SL plus paying Awy,
~ for a lottery paying Agy, in.the event the gog;d state is realized. From 4.99,_ it fnuét
bé thaf

CEp(Un(Aay) — Awp =0 (4.101)

Because type L can generaté higher certainty equivalent utility from any lottery
CEL(\I/L(AQL) — AUJL >0 k (4102)

Therefore a contract satisfying equations 4.94 to 4.96, 4.99 and 4.100 can be found.

This proves the proposition. QED

Corollary 4.2 When equation 4.77 binds for type H agents, the equilibrium con-
tract menu may motivate type L agents to pursue a policy of overinvestment relative

to the first best case.

This is a natural extension of the previous proposition. A parametric example is

sufficient to demonstrate the existence of such equilibria.

Consider an example where‘{va-—— 0,v0 = 100,vg = 400,¢c = 2,7, = 0.1,v45 =
0.5} and both agents demand a utility equal to that provided by a cerﬁainty equivalent
wage of w = 5. The optimal contract to be offered to the type H agent is Sy =

(0w, §u) = (4.606,10.179). This maximizes expected profit 7(Sy;pri = Py(Sy) =

0.636) = 175.058.
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Thé equilibrium contract S L that .satisﬁes both the type H self-selection con-
straint and the equilibrium laBour markét requirement that W(g L‘; Pr) = W(S H;PH) is
S (g, QL) = (4.593,65.995). Type H'’s self-selection constraint is satisfied; Uy (Sy;pu) = _
Uu(SL;py = PH(QL) = 0.632) = —0.082. The expected profit when the type L agent
takes the contract is 7(Sp; pr = Pr(Sy) = 0.182) = 175.058, the same as the expected

profit when contracting with a type H agent on Su.

In a full-information environment with observable effort, the first-best level of
investment is given by prp = “‘;};—f‘:}je = 0.245. Comparing this cutoff point to the

equilibrium cutoff point of p;, = 0.182, it is clear that in this equilibrium type L

agents are provided incentives to overinvest relative to the first-best case.

-Proposition 4.10 In equilibrium, firms contracting with type L agents have
higher ex ante variance of expected firm wvalue than do firms contracting with type

H agents.

Proof: The ex ante distribution of firm value, after the agent is hired but before
the updated signal 7 is received, is trinomial. When the investment cutoff is p expected

firm value is given

E(V) =pv+ (1 — p*)v, + (1 — p)?wp : (4.}103)

The variance of firm value is given

Var(V) = E(V?) - [E(V)]* | , (4.104)
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whose first derivative with respect to p is given
[— (1= p)vi —pv2 + 03] — [(—1+p)vy — puy + w0} [(1 = p)?vp + vy — P?vy + 2pug) (4.105)
g .

This expression is negative for all p € (0,1) where v, < vo < v,. Because ﬁL < Py,

the ex ante variance of firm value is greater for firms hiring type L agents. QED

Discussion

There are two key changes in the case where multiple firms compete for the services
of two different types of agents. The first is that firms introduce a menu of contracts, .
and these contracts perform a screening function to distinguish between agent types.
The second is that because firms have an incentive to bid against each other for the

scarce services of type L managers, type L managers capture rents in equilibrium.

The nature of rents in this model differs from that of most screeﬂing models.
Typically, the "good" type in a given model earns ‘rents due to the selfl—selection
constraint. The desirable agent receives rents in order to elicit truthful revelation of
type. A portion of. the rents the desirable typé L agent receives in the model comes
from this source. Firms cannot offer the tybe L agent the same cbntract they would
in a single-agent settipg, because the type L Coﬁtract can do better by accepting the

contract intended for type H.

However, this is not the primary source of rents to the agent in the model. Rents

_ziccrue to type L agents because their lower risk aversion leads them to make less’
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distorted investment choices relatiVé to a first-best (or risk neutral agents)b case. In
a labour market where firms have the ability to bid up the prices of agents, type
L agents capture the extra value that they create. As long as the type H agents’

sélf-selection constraint does not bind, increased pay to type L ageﬁts takes the form

of increased base pay. This is the most efficient type of payment from a risk sharing

perspective.

The intgresting cases are those where the high type’s self-selection constraint is
binding. The nature of‘ the equilibrium is much different than the result in a singlé—A
agent case. Here, firms contracting with type L agents must.design a contract which
performs a s'creeﬁing function, in that it has to satisfy type H agenté’ self-selection
constraint. At the same time, in equilibrium the contract provides rents to type L to
the d_egreei that firms are indifferent between contracting with either type of agent.

Put another way, type L agents capture all of the extra value they create.

The solution which satisfies both the séreening requiremeﬁt and the labour market
requirement is one where rents to type L take the form of far more bonus compensation
than they receive in a singlé agent type setting. The uée of bonus pay ta;l;es advantage
of the different agent types’ feelings about risk. Type L agents value the bonus .
compensation more highly and earn rents by taking the contract. Type H agents

assign a much lower value to this riskier contract, and as a result their self-selection

constraint is satisfied.
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The interestiné fesult that emefges from this labour market is that the pres‘ence
of type H agents can cause firms to increase incent.ivt_a pay to type L agents beyond
what they would receive in a single—agent market. The contracts for type L agents
‘can exhibit reduced project selection disfortion relative to the single agenﬁ case. In-
creasing risky pay leads to a more aggressive investment policy, reducing the degree of
underinvésfment that arises in the single-agent case. However, this comes at .the_ cost
of increased wages and poorer risk sharing than in the single-agent case. Clearly, the
wage cost and risk sharing effects iﬁust outiveigh' the value of the imi))roVed project
selection, otherwi‘se.the level of investment motiyated in the dual-agent case would

also have been optimal for the single-agent case.

The most interesting equilibrium is in casés where type L agents actually overin—“
" vest relative to the first best cése. This provides a stark eXarnple of just how important
the contracts’ screening role can be in the two ‘a,g(rent case. Risky pay, eXpensive due
to the deviation from optimal risk sharing that is required to make it work, is used-
to the innt that type L agents chooée to overinvest. The need for screening in these -
céses causes firms to offer a risk averse agent a contract‘ of higher power than they
would offer even a risk neutral agént, with whom risk sharing concerns would be

irrelevant.

The intuition for this relates to the reason that type L agents earn rents in the

model. Rather than being paid rents to ensure that they don’t mimic type H, the
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rents paid to type L have more fo do with a traditional labour supply and labour
demand curves. There are relativély few type L égenfs, they add more value, énd in
equilibrium they are paid more to réﬂect this. This_gauses equilibria where the type
H agent’s self-selection constraint binds instead. This is the reason that reﬁts paid
to type L take-a form (bonus pay) that is inefficient from the. perspective of st'ra,ight
risk sharing—f)roject selection tradeoff concerns. The bonus is not valued by type L
agents-anywhere near its true value. In cases Whgre overinvestment fesults, some of
thé "rents" are paid in the form of asset value destroyed by overinvestment. ‘This is
cleaﬂy not desirable, but it is a‘consequence of firms’ efforts to avoid value being lost

because type H agents choose to underinvest in equilibrium.

Finally, it ié informative to compare the interaction between firm risk and risk
sharing in this model with that of many trdditi_onal principal-agent models. Generally,
in rﬁodels where firms provide agents with r.isky pay in brder to motivéte effort, the |
amount of risky pay they offer is decreasing in the firm’s (generally exogenously
specified) firm risk. The expected cost of providing risk averse.' agents With incentive
pay to provide them a given level of expected utility is increasing in firm risk. As
the firm’s returns become riskier, the tra(ieoff between the effort incentives from risky -
pay and the cost of the risky pay causes the firm to choose lower powered contracts.

This contrasts with the empirical literature, where Prendergast finds that the link

between firm risk and the level of risky pay provided is quite mixed.
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In this model, firm fisk is not .an exogenous parameter around which firms make
contracting choices. Rather, firm risk is an endogen\ous outcome of the contracting
choiées a given firm makes. Inwthis model, agents influence firm rjsk bece;use they
‘have the discretion to make project seléc'gion decisions. Firms that contract with
~ type L agents provide greater incentive pay-than do ﬁrfns' that éontract with type H
agents. The higher poWer of type L contracté, combined with type L agents’ lower
risk aversion and project selection ability, leads firms managed by L-type agénts to
have higher ex ante variance in firm value than firms r’n_anaged by type H agenfs. This
is the exact opposite predicted by a model where managers do not inﬂueﬁée broject

selection and firm risk is exogenous.

4.4 Conclusion

The papei“ develops a model Where incentive contracts are designed to elicit ef-
fort, motivate prdpeﬂy aligned project selection aﬁd investment decisions, and screen
‘potential candidates. I defnonstrate the imﬁdrtance of screening in a setting where
agents of differing risk aversion populate the labour rharket. Firms have an incentive
to bid for low risk aversion agehts, who can be encoﬁraged to pursue a less distorted
investmenf policy. The resulting labour market equilibrium leads to oufcomeS where

- contracts have much greater poWer than they do in versions of the same model where

screening is not a consideration.’
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This result sheds new light on why very high power contracts are often observed
empirically. Such contracts are very hard to justify using a traditional model which
trades off costly risk sharing against the need to motivate effort. The introduction of

a screening component to the model provides a reasonable justification.

This paper aléo incorporates fhe realistic feature that high-level managers do not
only exert'prodﬁctive effort on a given project. They also crucially make investment
and project selection decisions that affect the distribution of firm returns. In such
a settihg, managerial risk aversion becomes an extremély impbrtant consideration in
contract design, since managers with différeﬁt degrees of risk aversion make different

investment decisions when faced with the same contract.

The results provide new understanding of the roles played by incentive compen-

sation, as well as the optimal degree of incentive power provided by such contracts.
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Chapter 5
Conclusion

Iq the ﬁrst essay I seek to explain how tort liability affects a firm’s optimal qapital
structure. While other papers have made' the point that limited liability will affect
economic agents’ incentives with respect to tort ri‘sk,‘ very few have 'sought to endog-
enize the firm’s decision about in which states it will be solvent. A key characteristic
of tort risk is that its impact on cash flows available to security héllders dépends on
the étructure of security holders’ clairﬁs. Put another way, capital structure matters
greatly when determining.the potential expense payable to tort.claimants. Recogniz-
ing this, firms with exposure ‘to tort liability will have an incentive to adjust cabital
structure to respond optimally. The lower credifor priority of tort claimants implies
two effects when debt' and tort risk interact. The first is that tort liability briﬁgs

about an increased probabﬂity of bankruptcy. Where this effect predominates, the

firm will choose to move away from debt. The second effect is that debt provides an
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asset shielding advantage, preserving cash-flow rights for the firm’s debt holders at
the expense of tort claimants. Where this effect is dominant, increased tort risk will

cause the firm to choose more debt.

I specify two simple models to exarﬁine the interaction of these _effects, one where
firm returns are distributed continuously over an interval, and another where firm
returns are distributed Binomially. The different results from.these fwo illustrations
demonstrate the importance of assumptions regarding ﬁrfn cash flows. Depending
on the nature Qf the firm’s returns, and the values of the various input pardmeters,

either the bankruptcy effect or asset shielding effect can dominate.

4 Tort liability is a major source of risk for firms today. 1 have shown why it is
unique, and why firms must consider its unique properties When',determining .‘.che
optimal capital structure. Empirical work st.udying'how firms do adjust their caioital
structufe to addreés changes in tort risk is a potentially fruitful aver;ue for future

research.

In the second essay we explore the capital structure of insurers. The focgs is
on the impact of aggregate uncertainty, br dependence among risks, since this is
the source of an insurer’s incentive to issue 'equity.' insurance‘ﬁrms respond to the
shocks Qf increased risks by taking all or some of the following actions: placing limits

on the number or coverage of contracts that they offer; raising premium for the

policies that they issue; and raising more equity. We analyze the equilibrium mixture
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of these‘responses in a competitive insurance market, and find that the impact of
increasing uncertainty. on the equity decision depends on the nature of aggregate
uncertainty. Where this uncerﬁainty is in the size of losses, equity increases with
uncertainty; where the risk dependence is in the events of losses, equit)_; first increases .
then decreases with uncertainty, providing that individuals are not too risk averse.
The latter result follows from a tradeoff between two effects, which we label the input
effect of uncertainty, and the output effect. In both cases, howevee, the ratio of equity
to insurance revenue increases. We extend the model to look at the effect of a cost
bdifference between internal equity (less costly) and external equity (more costly). This
extension leads to the hypothesis that firms with greater internal equity will tend ‘;o

use less leverage.

We test both hypotheses directly on\a sample of 852 U.S. broperty and casualty
stock insurers over a sample period from 1999-2004. We find support for both of
~ow hypotheses.. Firms that have higher variance in their loss ratio, our proxy for
uncertainty, use significantly les's leverage, supporting our theory that uncertaintsf
and leverage are negatively correlated. Firms that have been recently proﬁtable,
implying greater internal capital, use significantly less .leverage. This supports the
theory’ that there is a cost advantege to internal over external equity, which is at the

core of recent theories of insurance market dynamics.

In the third essay, I develop a model where incentive contracts are designed to
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elicit effort, motivate properly aligned project selection and investment, decisions, and
screen potential candidates. 1 demoﬁstfate the importance of screening in a setting
where agents of differing risk aversion populate the lab;)ur-'market. Fifms have an
incentiﬂze to bid for low risk aversion agents, who can be encouraged to pursue a
less distorted investment policy. The resulting labour m_;':xrket equilibrium leads to

outcomes where contracts have much greater power than they do in versions of the

same model where screening is not a consideration.

This result sheds new light on why very high power contracts are often observed
empirically. Such contracts are very hard to justify using a traditional model which
trades off costly risk sharing against the need to motivate effort. The introduction of

a screening component to the model provides a reasonable justification.

I also incorporate the realistic feature that high-level managers do not only exert
productive effort on a given project. They also make investment and project selection
decisions that affeét the distribution of firm returns. In such a setting, managerial
risk aversion becomes an extremely important consideration in contract design, since.

managers with different degrees of risk aversion make different investment decisions

when faced with the same contract. The results provide new understanding of the

roles played by incentive corhpensatidn, as well as the optimal degree of incentive

power provided by such contracts.



