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THE UNDERINVESTMENT PROBLEM,
BOND COVENANTS AND INSURANCE

ABSTRACT

This article complementhe earlierwork by Mayers and Smitl1987) andSchnabel and
Roumi (1989) which showed that a property insurance contract could be used to bond subsequent
corporatenvestment decisions. Although these models suggesiossibleapproach to sweing
the underinvestment problem, neithmodel explicitly specifieshe economietnechanism(s)
required to guarantee that curresitareholders receive thmaximum possible benefits from
solving this problem. Wepropose afinancing-constrained modehat not only eliminates
underinvestmenribut also ensurebat currenshareholders capture the entaigencycost (net of
loading) as an increase in value.






THE UNDERINVESTMENT PROBLEM,
BOND COVENANTS AND INSURANCE

The underinvestment problem has beell known in finance sincethe appearance of
Myers'(1977)seminalwork on“The Determinants o€orporate Borrowing.Myers considers a
situation inwhich the firm has an outstanding bond issu®v andmay invest in a positive net
present valug@roject thert. Thepayoff onthe investmenfproject isrisky now but notwhen the
decision is made then. The underinvestment occurs because theedized projecpayoffsthat
cover theinvestment expenditure thdyut not thenvestment expenditure artie promised
payment on the bond issue. If fiven did invest inthe project under these circumstances then all
the net proceeds would go to bondholders. Hencenpartagement acting the interest of its
shareholders makes such an investment decision. It should afsweldethat,given rational
expectations, the stock marketlue ofthe firm is larger now because afanagement’s decision
thennot to invest under the conditions just described.

The Mayers and Smitf1987) (henceforth M&S) article, “Corporate Insurance and the
Underinvestment Problem,” builds on Myergbrk. M&S have provided an interesting and
intuitively appealing discussion dhe roleplayed by insurance in bondindpe corporate
investment decision. M&S have shotimat aninsurancecontractcan be constructed nowhich
commitsthe firm to makethe investment decision therSchnabel and Rounii989) (henceforth
S&R) have extended thmodel proposed by M&S to a consideratiorthad effect of a safety, or
premium loading.

Although M&S assertthat the gains associated with resolvirthe underinvestment
problemareenjoyed by shareholders, thamalysisdoes notexplicitly provide themechanism to

show howthis is accomplished. This article provideswo routes out ofhis difficulty. Because

1The terms now and then are used to refer to dates zero and one, respectively.

2MacMinn (1987) also considers the underinvestment problem but in a diftlendmhore general settinthat
includes random revenue as well as random losses. Unlike Myers and M&S, the investment detiatonadel

is madebeforethe payoff onthe investment is knownLike Myers, it was assumetiat thebonds were issued
previously. The existence of riskglebt was shown to motivate an underinvestment problEme. analysishowed
that if thepreviously issued bondsgedbeen issued with aimsurance covenattien the underinvestmeasuld be
eliminated and thetockandbond values could be increased relativéhimcase with no covenant. Although the
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the M&S and S&Rmodels donot allow the promised delgayment to change after insurance is
introduced, it followsthat the debtssue raises momoney withthe insurance covenant than
without it. Hence, current shareholdgest theadditional value ithe manager setsdividend
paymentnow equal to thelifference betweethe debtvalues with andwvithout the insurance
covenant net of thénsurance premium. Weillvrefer to this later ashe €um dividend"
interpretation of the M&S and S&R models. However, rather than conffinareting and
dividend decisions unnecessarily, p@pose aralternative solutiorthat requires thémposition
of a financingcondition. This allows us tshow that annsurance deductibi@ay be cheenthat
enablesthe manager to also reduce the promised pkapphent andestorefull value for the
current shareholders.

Our analysis explicitlyshows that armnsurance covenant can be designed which allows
current shareholders to capture ¢fan in value anthat thegain in value equal$ie agencycost
of the underinvestment problem. Melievethat the introduction of &nancingcondition rather
than adividend policy ismore instructivesince it allows us to focustention moreneatly on the
structure of the bond\insurance financing package. This difference becomes particularly important
when premium loading isitroduced because thability to adjust the promised depayment

allows the manager to reduce the cost due to premium loading.

The Underinvestment Problem
Although limited liability confers a number of important economic benefits, it also has its
costs (see Easterbrook aRtschel, 1985). By creating asymmetrybetween the costs and
benefits of risky activities, limitediability causes bondholders and shareholdershage
incompatible incentives whenevtre corporation's debt is subject to the risk of bankruptcy.
M&S identify asituation inwhich the conflict of interests is so sevetleat anunderinvestment

problem is created. In their model, underinvestment occurs in thetlsets®areholders choose

analysis demonstrated an increase in stock value, it did not demonstrate that the stockholders captured all the gains
from solving the underinvestment problem. Thereforewtbek here also represents a basis for clarifying and
extending the analysis in that more general setting.
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to forego a positive net present value investment that, m$ence of bankruptcy risk, would be
undertaken. In order to foctiseir analysis orthe role ofinsurance in resolving this problem,
M&S assumehat theonly source of uncertainty for thfem is whether it will suffer gproperty
loss.

To reconstruct the M&S model, suppose fihancial markets are complete, let s denote a
state of naturand let[0, S] denote the set of states then. Profdedses are sustained over the
interval[0, <), whereas no lossescur overfs', s] Let p(s) denote therice of afinancialasset
thatpaysone dollar ifstate s occurandzero otherwise; p(shay be equivalentiynterpreted as a
risk-adjusted discount factor. flancialasset with thipayoff structure will be referred to as a
basisstock. Letll denote thevalue ofthe asset then, I(s) thevestment instate s required to
reconstitute the asset, and L(s) the property lossaite s.[(s) and L(s) decrease over tloss
interval[0, ). Furthermore, L(s) > I(s) > 0 foflg[0, s); i.e.,rebuilding is assumed talways
have a positive value. In the no lasterval[s',s], L(s) = I(s) = 0. Note that thevestment
decision is made after state s is revealed.

To motivate the underinvestment problem, supposefitime had issued bonds with a
promised payment of Blollars3 In the absence @y covenants, the manager chooses to
reconstitute the asset in the eventl [0, ), since bondholdersould gain allthe benefits while
shareholders would bealt the costs. Thboundary sof the underinvestment eventingplicitly
defined bythe condition1 - I(s) = B*. Therefore, a manager acting loehalf ofshareholders
does notinvest inthe eventJ. Rational bondholders and shareholders understand these
incentives and sthe value ofthe corporation noweflects less thathe full risk-adjusted present
value that could be achieved if the investment decision had been assured.

The loss incorporatevalue would be absorbed in its entirety tmyopic bondholders.

Bondholders, however, are rationalanticipatingthe underinvestmemtcentive and so would

3The word “had” is usedadvisedlyherebecause¢he M&S model doesiot allow for any change ithe promised
payment to bondholders after the insurance covenant is introduced.
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have required a promised paymsufficiently large to makehe bondssue azero (risk-adjusted)

net present value investment. Hence, the market value of the debt issa®navhere

D= [ p9[N-us] ds [ b3 B as &)
Similarly, the stock market value & the current shareholders is
s=[ #3[n- (3-8 os [} exn- B os @
and the corporate value, given the underinvestment problem vid&fe
VD s =] K3IN- €Y ds [l @EN- (s s (pE s @)

The agencyost ¢ of this underinvestment problemtiee difference betweethe corporate alue
if the firm always invests toreconstitute the asset then and tteporatevalue given the
underinvestment problem.Let V denote the corporatealue given a certain investment to

reconstitute the asset. Then

. g 5
Vi= [T 9[- (9] dsr [, pXen ds

and the agency cost is€V' - Vu, or equivalently

¢ =" A3[U3- (3] dso, ()

This agency cost is positive for any promised payment suchuthdl B 1(0). Theagencycost is
a deadweight loss and is represented by the risk-adjusted pralkenbf shadedrea infigure

one4

470 justify this descriptiorandthosethat follow, notethat by the Meavalue Theorem of the Integral Calculus
there exists a stae (0, s') such that
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payoff

agency cost

>

su sl S states

Figure 1: The Agency Cost

Insurance Covenants with No Premium Loading

The underinvestment problemay besolved by purchasing an appropriatsiyuctured
insurance policy. M&S note that the net payoff therst at least cover the promiggsayment on
the bond issue, i.d1] - I(s) = B. By purchasing a property insurance policy with a deductible of d
= I(s¥) dollars, thecorporatepayoff then isguaranteed to at least cover the promised debt
payment. Thepayoff on the insurance policy is max{0J(s) - d}. Let U denote the
underinvestment event and letlenote theeomplement of that event relative [ s], i.e.,N =
[0, S]\U. Note that the corporatgayoff with the insurance isT1 - I(s) + max{0, I(s) - I(3)};
equivalently,the corporatg@ayoff is B inthe eventJ andll - I(s) in the eventN. Given a
competitive insurance markete premium p is the risk-adjusted presewhlue of the policy

payoff, i.e.,

[ poIus- (3l d= 3] [ Us (b ds

The integral on the right harside represents the shaded area in figureamaep(S) represents the riskdjusted

discount factor. Hencéhe shaded area is proportional to the risk adjusted present \@deBartle (1964, p.

303) for a statement of this theorem. The agency cost may also be interpreted as part of the net present value of the
investment.
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o= M9L(3- () ds (5)

Figuretwo providestwo equivalent graphical representationghef insurance premium;e., the
value of the shaded areas in both represenhslieance premiumequired to makéhe debissue
with a promised paymentBafe. The left panel of figutevo givesthe standard representation
for the payoff on apropertyinsurance policy with a deductible d =v)(svhereas the right panel
represents thasurance payoff agart of the total corporateayoff structure. The purchase of

such a policy yields a payoff then for current shareholders of

0 stu
M-=1(s)+max{0,1(s)- I(s")} - B= (6)

M-1(s)-B sON

insurance premium

L(0) pi —_ "
4

1(0) n - 1(0)
I(sY) d
n - L(0)
- |
su sl states su sl s states

Figure 2: The Insurance Premium

By limiting the current shareholders’ nmyoff in the underinvestment event zero, the
insurance policy enables shareholderguarantee thabondholders are repaid Bollars in all

states of the world without triggering bankruptcy. Thereforerishg debt/insurance decision is
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essentially a reformulation tie "safe debt" decisioP. There are, however, sonery important
yet subtle differences.
By insuring against bankruptcthe debt becomesafe; hencethe current marketalue of

debt given the insurance i Where
D' = JO p(s B dssp B, (7

andp is the sum of the basis stock prices, or equivalently, the price now of a safe asset which pays
$1 then. Comparing the insured with the uninsured bt itmay benoted that the market

value of debt increases, i.e.,

D'-D'=[7 p(9IB-(N- LY ds [ M- () -(N- LI ds
= [0 PO {US- (9+[ (3~ (9]} dsc+p. (8)

The agency cost and insurance premium are represented in figures one and two, respectively.
In the M&S model, théirm issues bonds with an insurance covedtatched, but does not
alter the promisegayment orthe debissue fromthat B' that wasnecessary ithe umsured
case. SinceBmust have raised the requireahds inthe uninsured case,fdllows that the debt
issue withthe insurance covenant must raise more. Trssing link inthe M&Smodel is a
specification of where¢hose excesfundsgo. Suppose part of tlexcess is paid to current
shareholdersow as a dividend. Sind@einsurance premium is paid nolet thedividend be the
excess funds frorthe debissuenet of theinsurance premium;e., (D - DY) - p. Hencefrom
(8) it follows that thedividend paidnow to current shareholders isand so current shareholder

value equalsict 8. In this casesurrent shareholdeenjoythe gains associated witiesolving

SThe "safe debt" decision involves choosing a promised payn%ﬂ{OBll(O)). The risky debt/insurandecision
is a reformulation of thesafe debt decision ithe senséhat it provides a contractual mechanismihereby
bankruptcy can be avoided in spite of the fact that debt would otherwise be risky.
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the underinvestment problem. This, however, constitutes a somewi@al supplement to the

M&S model that confounds the dividend and financing decisions unnecessarily. Alternatively, it is

possible to introduce a financing condition explicitly and show that the insurance covenant enables

the manager to reduce the debt payment and restore full value for the current shareholders.
Next, consider the introduction off@mancing conditionthat allows the firm to adjust the

promised payment tthe bondholders. Suppose that the bondssaved with a covenant

requiring insurance and suppdbkat B is the promised paymengSincethe covenanmakes the

debtsafe it followsthat anappropriately structured covenailds apromised payment<B< B-.

The insurance policy attached to the bond issue must be structured so that the bonds are safe.

the payoff onthe insurance policy be max{0, I(s) - #{§ where I(9) is the deductible.This
deductible is selected gbat I - I(s®) = B, as shown in figure three, where this condition
implicitly definesthe statecs Let p denote theoremiumfor such gpolicy. Inthe previous case
of a risky uninsuredebt issue, the promis@adyment of B dollars raised D(B dollars now and
this amount must have been enough to covelirthés investmenexpenditure. Suppose that the
bond package with an insurance covenastrisctured so that raises the required DfBdollars
plus enough to covdhe insurance premium. The insurance covenant provitesecessary
linkage between promised payments. WHemfirm financeswith a debtissue it must also
purchase an insurangelicy and link it tothe bonds so that in the event that fima cannot
cover the bond payment, thresurance payoff makes tipe deficit. Thepayoff onthe bondwith

an appropriately structuredisurance covenant iscBor all s [0,S]. Since this covenant
guarantees that the asset will be reconstituted, the fmyatff may beexpressed in terms of the

payoff on the straight debt portion of the contract plus the insurance payoff as follows:

M-1(s)+[I(5) - 1I(s)] O0<s< §
B° =
B° §<s<s

Let
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Of course, the equality holds because the deductiblesl&elected so that it equdls- Bc. Such

a contractual arrangement guarantees that the asset will be reconstitltedaires. It isalso
possible to specifthe value ofthe debt andhsurance portions dhe contract separately. Let
D(B¢) denote thevalue ofthe bond\covenant scheme and fetignote thevalue ofthe insurance
component of this scheme. Then B(B p B¢ this isthe value of a safedebt issue, or
equivalently,the risk-adjusted presevelue ofthe payment B The promised paymentc i

implicitly defined by the financing condition
D(BY) - [D(B°) - p] = 0. (9)

This condition simply saythat thepayment B must be selected so thataisesall that the other
bond issue raised plus enoughctwver theinsurance premium.Let the statedsbe implicitly

defined by the conditionl - L(s¥) = Be. Then equation (9) may be equivalently expressed as

U

[o9[n-u9-8] ds| oY B § ds

min{s?, &%
min{s?, &}
= p(s)[min{l‘l— I(s), B}-(N- L(S))] ds (10)
A
M
L gu
BC
M - 1(0)
G
M-L(0
© .
sC gu gd sl S states

Figure 3: The Financing Condition
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The promised paymentcBiust satisfy(10) butsuch a B< B always exists.The value of the
arealabeled L in figurethree, orequivalently,the left hand side of(10) represents what
bondholders lose by reducing the promigagment from Bto B-. The value othe aredabeled
G in figure three, or equivalently, the right hand sid@L.0j represents what the bondholdgas
from the new contract structufe Equation (10) expresses the notthat anew contractan be
written which raises pdollars more than the oltbntract andjuarantees reinvestment. Equation
(10) is just the condition that the risk-adjusted present value of L equals that of G. Therefore, it is
feasible to include a bond covenant requiring insurance sucthéhbbndssue raises enough to
cover the insurance premium as well as the other monies necessary.

A bond\covenant schemeasly beneficial ifthe current shareholders stand to gd\ate

the payoff to current shareholders then is

0 0<s<§g

N-1(s)-B° &< s< 6.

n-ge d<s<s

It follows that the current shareholders’ stock market value sHere

S=[ K9[N~ (3-8 ds| E¢N- B ds (11)
s s

Finally, this financingpackage ideneficial if itensures investment all states and iincreases

current shareholder value, i.es233". The difference in current shareholder value is

S-9=[ g3N-05 B ds] (Ps'B B ds

6The case$< ¢ is shown in the figures but the analysis allows for eitHer &l or &> &,

10
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s s 5

=[ p[n-u9-maqfn- (s, B} ds [ pH(M- - B ds] (pfs'B ‘[B ds
s min{s?, s} s

s min{s?, <}

=] P9[N -(9-mafn- L9, B)] ds | gy min- (» B-(N- () ds

s° 0

=] p9[U9- (9] d=e>0. (12)

Note that the third equality in (12pllows from (10). Thedifference $- S'is thevalue of the
sum ofthe shaded are#sbeled L and H in figuréour. Thevalue ofthe sum ofthe shaded areas
labeled G and Hepresent thagencycost of theunderinvestment problem. cBy equation (10)
and figurethree, itfollows that thevalue ofthe sum ofthe L and H areas is equal to tradue of
value ofthesum ofthe G and H areas. Therefore, the bond\covenant packagely increases

current shareholder value, but also entirely eliminates the agency cost of underinvestment.

A
M
BU
BC
M - 1(0) L
G
Mn-L(0
(0) -
sC gugd sl S states
Figure 4

Insurance Covenants with Premium Loading
Now suppose that the insurance purchase includesmemeam loading.Let A denote the
loading proportion and let 'pdenote the pur@remium. Thecost of theinsurance with the

premium loading is (1 &) p. In this casethe financingcondition must benodified sothat the

11
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promised payment on the debt is sufficient to cover the loading. As in (8hai&ngcondition

here is

D(BY) - [D(B") - (1 +A) p] = 0. (13)

It may benoted that thggromised payment ottie debt contract must be larger than it was in the
no loading case. The insurance covenant is structured so that the debt issue is safé), #@, D(B
B'. The increase in the promispdyment necessitates a reductiontha deductible on the
insurance covenantUsing (9) and (13), thedifference inthe debtaluesmay beexpressed as

D(B) - D(B°) =p - P+ A p > 0. The difference in debt values is represented in figure five.

A
p!-p¢ M

BU I
BC B

M -1(0) N

Ap!
Mn-L(0

0) -
sC gu gd s! S states

Figure 5: Premium Loading

Note that S- S = A p. It follows thatthe difference betweethe stockvalue intheloading case
and thestockvalue inthe underinvestment case is $' = (S -3) - (S-38)=c-Ap. It
follows that everwith premium loadinghe corporatiomlemands insurancettie agencycost of
the underinvestmergroblem exceedthe premium loading. Otourse, for asufficiently small
agency cost there is no demand for insurance. This result is qualitatively the SzahefaS&R
the difference ighat theinsurance covenanimplied byour model allowscurrent shareholders to

increase their value lifae difference betweethe agencycostand thepremium loading whenever

12
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it is positive, i.e., by'c- A p. The introduction of th&nancingcondition in equation (13llows
the promised payment to bondholders to be reduced. Reducing this payment alsosafialles a
deductible to be chosen, thereby reducing the insurance premium and associated loading cost.
Therefore, when loading is considered, fmel that ourfinancing-constrained model has
different net value implicationsghan acum dividend interpretation of S&R. Although aeum
dividendinterpretation of M&S has theamenet value implicationdor current shareholders as
our model, the story changes once loading costs are considepedifically, we findhat the net
value ofthe current shareholdectim inthe presence dbading ishigher undewour financing-
constrained model compared tawm dividendinterpretation of S&R. This result derivefom
the fact thatoadingcreates arncentive toreduce the deductible asuch as possible. Hence,
rather than raise more debt than is needduhancethe asset angay out the excess to current
shareholders as a dividend now, it makese sense tminimizethe requirednsurance purchase
by raising onlythe amount of debt neededfimancethe asset anpayfor theinsurance; i.e., by

also reducing the promised debt payment.

Concluding Remarks

This analysisdemonstrates how ansurance covenant can beuctured toeliminate the
corporation’s underinvestment problem and altmmrent shareholders to capture the emisle
adjusted net presemtlue ofthe investment. Thanalysisalso showghat theunderinvestment
problem can be eliminated eventire presence gfremium loading itthe agencycost of the
underinvestment problem exceeds the loading. The insurance contract is equivalent in structure to
a put optiomnand it ensurethat theinvestment decision will be made then. Henle,insurance
covenant bonds the discretionary investment behavior of the corporation.

The model and sohe analysispresented here is concerned with aeeisionthat the

corporationmakes inthe future. The conclusions, howewarght to be more robust. The

’An earlier version ofhis paper presents an appendix whicimparesand contrasts thenodels developetiere
with those ofM&S and S&R byspecializing the analysis to a simgieo state numerical example. Interested
readers should contact either of the authors for a copy of the working paper.

13
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conclusion here is that by appropriately linking the provisions of the insurance and bond contracts,
it is possible to eliminate the moral hazard problem faced by corporate management. The contract
linkage eliminateshe moral hazard problem amdstoresefficiency. More generally, itought to

be the case thathenevercorporatemanagement faces a moral hazard proldem to property

or liability losses, some appropriatdiyked financingand insurance packages et eliminate

the moral hazard problem. Such a generalizatiothefresults here woultbt only show one

source of thedemand forcorporateinsurancebut alsathat insurance plays a positivele in

promoting the efficient allocation of risk and resources.

14
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