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Abstract

This paper provides a formal model of contingent convertible bonds (CCBs), a new instru-
ment offering potential value as a component of corporate capital structures for all types of
firms, as well as being considered for the reform of prudential bank regulation following the
recent financial crisis. CCBs are debt instruments that automatically convert to equity if and
when the issuing firm or bank reaches a specified level of financial distress. CCBs have the
potential to avoid bank bailouts of the type that occurred during the subprime mortgage crisis
when banks could not raise sufficient new capital and bank regulators feared the consequences
if systemically important banks failed. While qualitative discussions of CCBs are available in
the literature, this is the first paper to develop a formal model of their properties. The paper
provides analytic propositions concerning CCB attributes and develops implications for struc-
turing CCBs to maximize their general benefits for corporations and their specific benefits for
prudential bank regulation.
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1 Introduction

This paper provides a formal model of contingent convertible bonds (CCBs), a new instrument
offering potential value as a component of corporate capital structures for all types of firms, as

well as being considered for the reform of prudential bank regulation following the recent financial
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crisis. CCBs are debt instruments that automatically convert to equity if and when the issuing firm
or bank reaches a specified level of financial distress. While qualitative discussions of CCBs are
available in the literature, this is the first paper to develop a complete and formal model of their
propertieﬂ The paper provides analytic propositions concerning CCB attributes and develops
implications for structuring CCBs to maximize their general benefits for corporations and their

specific benefits for prudential bank regulation.

CCBs are receiving attention as a new instrument for prudential banking regulation because
they have the potential to avoid the bank bailouts that occurred during the subprime mortgage
crisis when banks could not raise sufficient new capital and bank regulators feared the consequences
if systemically important banks failedﬂ A more standard proposal for bank regulatory reform is
to raise capital requirements since, if set high enough, they can achieve any desired level of bank
safety. Very high capital ratios, however, impose significant costs on banks and thereby inhibit
financial intermediation; and/or the capital requirements will be circumvented through regulatory
arbitrageﬂ There have also been proposals to focus a component of the capital requirements on
systemic risk (Adrian and Brunnermeier (2009)), or to prohibit banks outright from risky activities
that are not fundamental to their role as financial intermediaries (Volcker (2010)). While these
proposals could well improve prudential bank regulation, they do not directly address the issue of

how distressed banks can raise new capital in order to preclude the need for government bailouts.

In this setting, CCBs have been proposed by academics (Flannery (2002, 2009a, 2009b), Duffie

1Raviv (2004) analyzes CCBs using a contingent claims approach, while Pennacchi (2010) analyzes CCBs using a
jump process to create default. Neither paper includes tax shield benefits and Pennacchi (2010) has no bankruptcy
costs. In contrast, we adapt a Leland (1994) model that integrates the tax shield benefit and bankruptcy cost
effects of debt. This allows us to analyze the impact of various CCB contract terms for a range of issues including
regulatory benefits, tax shield costs, and incentives for risk shifting and equity price manipulation.

2The bank bailouts during the subprime crisis reflect a failure of the regulatory principles created under the 1991
Federal Deposit Insurance Corporation Improvement Act (FDICIA) and specifically of its requirement that bank
regulators take ”prompt corrective action” (PCA) in response to declining bank capital ratios. Eisenbeis and Wall
(2002) provide a detailed discussion of FDICIA and its PCA requirements. As examples of the PCA requirements,
?significantly undercapitalized” banks are to raise new equity or promptly merge into a well capitalized bank, and
?critically undercapitalized” banks are to be placed under a receiver within 90 days of attaining that status. The
subprime crisis also revealed that subordinated debt holders failed to ”discipline” the banks, while the government
bank bailouts protected these debt holders from the major losses they would have otherwise faced in a bankruptcy.

3High capital requirements limit the use of debt tax shields, impose a high cost on existing shareholders when
raising new capital due to the debt overhang problem, and accentuate important principal-agent inefficiencies within
the banks; see Kashyap, Rajan, and Stein (2008), Squam Lake Working Group on Financial Regulation (2009),
Dudley (2009), and Flannery (2009) for further discussion of these issues.



(2009), Squam Lake Working Group on Financial Regulation (2009), and McDonald (2010)) and
endorsed for further study by bank regulators (Bernanke (2009), Dudley (2009), and Flaherty
(2010))|ﬂ Furthermore, both the House and Senate 2010 financial reform bills require studies of
CCBs for regulatory applications and provide regulatory approval for their useﬂ The Financial
Stability Board of the G20 and the Bank for International Settlement are also studying CCBs. In
fact, Lloyd’s bank issued the first £7 billion ($11.6 billion) CCBs (CoCo bonds)lﬂ in 20009.

CCBs initially enter a bank’s capital structure as debt instruments, thus providing the debt-
instrument benefits of a tax shield and a control on principal-agent conflicts between bank man-
agement and shareholders. If and when the bank reaches the specified degree of financial distress,
however, the debt is automatically converted to equity. The conversion recapitalizes the bank
without requiring any ex-post action by banks to raise new equity or the government to bail them
out. The automatic recapitalization feature of CCBs thus offers a relatively low-cost mechanism
to avoid the costs that otherwise arise with the threatened bankruptcy of systemically important

banking firms.

The existing CCB proposals-see especially Flannery (2009a) and McDonald (2010)-provide a

list of issues that must be settled in formulating any specific plan for implementation:

e The trigger must be designed to avoid accounting manipulation, and the resulting conversion
of CCB to equity must be automatic and inviolable. In fact, an accounting trigger in the
Lloyd’s bank 2009 CCB issue has already raised serious concern; see Duffie (2009). Most
proposals instead recommend a trigger based on a market measure of each bank’s solvencym

We model the case when equity value is used as a trigger. We also analyze the issue of market

4There have also been proposals for contingent capital instruments that are not bonds. Kashyap, Rajan, and
Stein (2008) propose an insurance contract that provides banks with capital when certain triggering events occur
and Zingales and Hart (2009) focus on the use of credit swaps. Wall (2009) provides a survey of this evolving
literature.

5The House bill is 111th Congress, first session, H.R. 4173. The Senate bill is 111th Congress, second session,
S.3217.

6Source: Financial Times from November 5, 2009.

"The Squam Lake Working Group and McDonald proposals require two triggers to be activated before conversion
occurs. One trigger is based on each bank’s own financial condition while the second trigger is based on an aggregate
measure of banking system distress. This means that individual banks can become insolvent prior to CCB conversion
if the aggregate trigger is not activated. For this reason, Flannery (2009a) argues for a single, bank-based, trigger.
In this paper, we formally model only this single trigger case.



manipulation of the equity value that may arise with a market-value trigger.

e The CCB to equity conversion terms applied after the trigger is activated must be specified.

A key question is how the value of the equity shares received at conversion compare to the
value of the converting bonds; see Flannery (2009a and 2009b) and McDonald (2010). We
consider the general case in which the ratio of the equity conversion value to the CCB face
value is a contract parameter (A) to be chosen. Among other effects, we analyze the impact
this contract parameter may have on the incentive to manipulate the market value of the
bank’s equity shares. In all cases, however, we assume the CCB to equity conversion has no

income tax consequences.

e The CCB contract could impose a dynamic sequence in which specified amounts of CCB

convert at different thresholds. Flannery (2009a), furthermore, proposes a regulatory re-
quirement whereby converted CCB must be promptly replaced in a bank’s capital structure.
While we comment on the possible advantages of such dynamic contract features, our formal

model covers only the case of a one-time and complete conversion.

e The adoption of CCBs by banks could be voluntary or a required component of their capital

requirementsﬂ We consider both possibilities.

The key contribution of the current paper is to provide a formal financial model in which the
effects of alternative CCB contract provisions can be analytically evaluated. We develop closed
form solutions for CCB value by adapting the Leland (1994) modeﬂ Our results apply equally

well to the addition of CCBs to the capital structure of corporations generally, as well as for

8For example, Flannery (2009a) provides an illustrative example in which banks are required to choose between
satisfying their capital requirements by (i) holding equity equal to 6% of an asset aggregate or (ii) holding equity
equal to 4% of the asset aggregate and CCBs equal to 4% of the asset aggregate. This suggests a regulatory tradeoff
in which 4 percentage points of CCBs are the equivalent of 2 percentage points of equity.

9The Leland model has been successful applied in recent studies of other fixed-income debt security innovations,
although none analyzes the case of a bond conversion triggered by financial distress. Bhanot and Mello (2006) study
corporate debt that includes a rating trigger such that a rating downgrade requires the equity holders to compensate
the bondholders with early debt redemption or other benefits. Manso, Strulovici, and Tchistyi (2009) study a class
of debt obligations where the required interest payments depend on some measure of the borrower’s performance.
This could include the extreme case in which the debt interest coupons reach zero at some level of financial distress.
This case would provide some of the same benefits in reducing or eliminating bankruptcy costs as provided by CCBs
in the current paper.



their specific application as a tool for prudential bank regulation. We make three assumptions

throughout the paper regarding a firm’s use of CCBs:

)

The firm is allowed a tax deduction on its CCB interest payments as long as the security remains
outstanding as a bond. This would be the likely case for banks if CCBs were to become a formal
and established component of prudential banking regulation. At the same time, this means that
the public cost of the CCB tax shield must be included when evaluating the possible role of
CCBs for prudential bank regulation. For corporations more generally, we acknowledge that
the tax deductibility of CCB interest payment will likely require further IRS rulings, including

possible legal challenges and new legislative actions.

In all cases, we assume that adding CCBs to a firm’s capital structure has no impact on the
level of the firm’s asset holdings (A). In other words, we assume the addition of CCBs must
take the form of either a CCB for equity swap (with the CCB proceeds paid out as a dividend
to equity holders) or as a CCB for straight debt swap (with the CCB proceeds used to retire
existing straight debt). The CCB for straight debt swap appears to be the most important case
for regulatory applications, while we acknowledge that the future study of assets effects could

be important for more general corporate finance applications.

Our analysis is carried out under a No Prior Default Condition - Condition 1 - that requires
the CCB conversion to equity to occur at a time prior to any possible default by the firm on its
straight debt. This condition constrains the set of feasible CCB contracts that are considered
in our analysis. This constraint is a necessary, and sensible, requirement if CCBs are to have

the desired property of reducing the bankruptcy costs associated with a bond default.

The following is a summary of our main questions and results. We first consider a firm that

has a new opportunity to include CCBs within its existing capital structure in a setting where no

regulatory restrictions are imposed on CCB issuance (with the exception of the contract constraints

created by the No Prior Default Condition 1 as just described).

Q1. Will a firm include CCBs in its capital structure if it is freely allowed to do so?



Al. A firm will always gain from including CCB in its capital structure as a result of the
tax shield benefit. This is true whether or not the firm also includes straight debt in its optimal
capital structure; in fact, the optimal amount of straight debt is unaffected by the addition of
CCB. Given that total assets are unchanged by assumption, in effect the CCB are being swapped
for, i.e. replacing, equity in the capital structure. Since the asset-value default threshold on any
existing straight debt is unchanged, adding CCB in this manner provides no benefits for regulatory
safety, while taxpayers pay the cost of the additional tax shield. The addition of CCB in this form

may also magnify the firm’s incentive for asset substitution (to expand its asset risk).

We thus next consider a firm that operates under the regulatory constraint that it may issue
CCB only as a part of a swap that retires an equal amount of straight debt. This constraint is
implicit or explicit in various proposals to use CCB for prudential bank regulation; see Flannery
(2009a). The result depends on whether the firm is creating a de novo optimal capital structure

or is adding CCB to an already existing capital structure.

Q2. Will a firm add CCBs to a de novo optimal capital structure, assuming it faces the
regulatory constraint that the CCB can only replace a part of what would have been the optimal

amount of straight debt?

A2. A bank creating a de novo capital structure under the regulatory constraint will always
include at least a small amount of CCB in its optimal capital structure. The reduction in expected
bankruptcy costs ensures a net gain, even if the tax shield benefits are reduced, at least for small
additions of CCB. The addition of CCBs also has the effect of reducing the incentive for asset
substitution. The bottom line is that CCBs in this form provide an unambiguous benefit for
regulatory safety.

Q3. Will a firm add CCBs to an existing capital structure, assuming it faces the regulatory
constraint that the CCB can only be introduced as part of a swap for a part of the outstanding

straight debt?

A3. Assuming the initial amount of straight debt equals or exceeds the optimal amount, the

existing equity holders will not voluntary enter into the proposed swap of CCB for straight debt.



While the swap may increase the firm’s value—the value of reduced bankruptcy costs may exceed
any loss of tax shield benefits—the gain accrues only to the holders of the existing straight debt.
This is thus a classic debt overhang problem in which the equity holders will not act to enhance
the overall firm value. To be clear, this result depends in part on our assumption that the straight
debt has the form of a consol with indefinite maturity. If the straight debt has finite maturities,

then the CCB could be swapped only for maturing debt, thus reducing the debt overhang cost.

Q4. How can CCBs be designed to provide a useful regulatory instrument for expanding the

safety and soundness of banks that are acknowledged to be too big to fail (TBTF)?

A4. We assume a TBTF bank is one for which its straight debt is risk free because the bond
holders correctly assume they will protected from any potential insolvency. We also assume a
regulatory limitation on the amount of debt such a bank may issue. Under this limitation, a CCB
for straight debt swap reduces the value of the government subsidy because it reduces the expected
cost of bondholder bailouts. While this has a taxpayer benefit, the equity holders of such a bank

would not voluntarily participate in such a swap.
Q5. May CCBs create an incentive for market manipulation?

A5. CCB may potentially create an incentive for either the CCB holders or the bank’s equity
holders to manipulate the bank’s stock price to a lower value in order to force a CCB for equity
conversion. The incentive for CCB holders to manipulate the equity price exists only if the ratio of
equity conversion value to CCB value (A in the model) is sufficiently high to make the conversion
profitable for the CCB holders. The incentive for bank equity holders to manipulate the equity
price exists, comparably, only if the ratio of equity conversion value to CCB value (1)) is sufficiently
low to make the forced conversion profitable for the equity holders.

Q6. May restrictions on CCB contract and issuance terms be useful in maximizing the regu-
latory benefits of bank safety?

A6. The regulatory benefits of CCB issuance will generally depend on the CCB contract
and issuance terms. Perhaps most importantly, the regulatory benefits vanish if banks simply

substitute CCBs for capital, leaving the amount of straight debt unchanged. It is thus essential to



require CCB issuance to substitute for straight debt (and not for equity). In addition, the higher
the threshold for the conversion trigger the greater the regulatory safety benefits. The conversion
ratio of equity for CCBs may also determine the incentive for CCB holders or equity holders to

manipulate the stock price.

The structure of the paper is as follows. Part 2 develops the formal model. Part 3 applies
the model to determine the role CCBs play in a bank’s optimal capital structure. Part 4 analyzes
bank issuance of CCBs when regulators require that the CCBs provide a net addition to bank
safety. Part 5 applies the model to the role of CCBs when banks are too big to fail (TBTF). Part
6 provides our discussion of market manipulation involving CCBs. Part 7 investigates the effects

of CCBs on asset substitution efficiency. Part 8 provides a summary and policy conclusions.

2 Model

We use the traditional capital structure modeling framework based on Leland (1994). A firm has

productive assets that generate after-tax cash flows with the following dynamics

ddy

where 1 and o are constant, and BY defines a standard Brownian motion under the risk-neutral
measure. The risk-free rate, r, is constant and, by assumption, is such that p < r. The tax rate

6 € (0,1). Interest payments are tax deductible.

At any time ¢ the market value of assets A; is defined as the value of all future cash flows.

Given 7 that is

A = EtQ [/ eT(St)ésds} d .
t r—p

The dynamics for Ay are: dA; = pAidt + oAtdBtQ.

The firm can issue equity and either a straight bond (straight debt) or both a straight bond



and a CCB. Both bonds are consol type, meaning they are annuities with infinitive maturity.
Straight debt pays coupon ¢, continually in time, until default. At default, fraction o € [0, 1] of

the firm assets is lost.

CCB pays coupon ¢, continually in time, until conversion. CCB converts into equity the first
time the value of assets drops to a pre-determined level Ac. The time of conversion is denoted by
T(A¢) =inf{s: A; < Ac}. At 7(A¢) CCB fully converts into equity - bond holders receive equity
valued at its market price in the amount of ()\%) The coefficient A is the CCB contract term that
determines the ratio of the market value of equity relative to the face value of debt, CT—CE With
A =1, CCB converts into a market value of equity equal to the face value of CCB. With A < 1
(A > 1), the market value of equity received is at a discount (premium) relative to the face value

of CCB.

A¢ corresponds to some equity value We, so, in some parts of the paper, we will explicitly
use We and an equity-value-based conversion rule. However, within the modeling framework of
the paper it is easier to work with the value of assets and the asset-value-based trigger, Ac.

The following Condition 1 is assumed to hold always.

No Prior Default Condition 1: ¢, ¢., Ac and A\ are such that the firm does not

default prior to or at CCB conversion.

We will discuss Condition 1 in Section [2:2] after we obtain closed-form solutions for the values
of different claims to the cash flows of the firm.

There are two results from the existing financial structure literature that will be used later
in the paper. First, as in Duffie (2001), for a given constant K € (0, A;), the market value of a
security that claims one unit of account at the hitting time 7(K) = inf{s : A; < K} is, at any

t < 1(K),

BQ [errt0-n] _ (’;1;)_77 (2)

10070 is the risk-free value of CCB and, therefore, we call it the face value.
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where v =
Second, also as in Duffie (2001), the default-triggering asset level that corresponds to the
optimal default time 7(Ap) for the case when the capital structure of the firm includes only equity

and straight debt is, at any ¢ < 7(Ag),

AB = 6(1 - H)Cb, (3)

where 8 = ﬁ

Lemma 1. Let the capital structure of the firm include equity and straight debt. If at any time t
before default the firm decides to issue CCB without changing the existing amount of straight debt,

the optimal default boundary Ap will remain the same.

Proof. We assume that Condition 1 holds. Therefore, there is no default before or at conversion.
At conversion CCB holders become equity holders. The value of assets does not change. After con-
version the maximum-equity-valuation problem of equity holders (including the ones that became
equity holders as the result of conversion) is the same as in the case when the capital structure

includes only equity and straight bond. Hence, the same Ag. O

2.1 Closed-Form Solutions

Our goal in this subsection is to derive closed-form solutions for the values of claims associated

with the capital structure when the firm issues equity, straight debt and CCB.

At any time t the following budget equation holds:
A+ TB(Apep,ce) = W(Ag ey co)+UB(Ayiep,ce) + U (Ags e, ce) + BO(Ag;cp,ce), (4)

where T'B(A¢; ¢, ¢.) is the expected present value of tax benefits, W (A¢; ¢p, ¢.) is the value of equity,
UB(Ays; ey, ce) is the value of straight debt, U (Ay; ¢y, c.) is the value of CCB and BC(Ay; ¢y, ce)

10



is the expected present value of bankruptcy costﬂ

The total value of the firm, G(Ay; ¢y, ¢.), is the sum of the market values of equity and debt

G(Asicnce) = W(Agep,ce) +UP (A e, ce) + U (Asi e, ce)-

Based on , this can be re-written as

G(A;cp,c.) = Ay +TB(Ag; e, cc) — BO(Ag; cp,Cc).

Proposition 1. Let the capital structure of the firm include equity, straight debt and CCB. Then,

for any t < 7(Ac)

G(Asep,0c) = At—|—7 (1— (

)
W(Asepee) = A c(1=9) (1 — (t>_v> _e(1-0) (1 N
(
s = 30 (2) ) (5) oo
e = ¢ (- (3)7)+ (3)709)
TB(Aicy,c) = % (1_ (i;)? N e:c (1_ <21;

AN
BC(Ay;cp,cc) = adAp | — .

We note that a full solution must also incorporate the No Prior Default Condition 1 stated

11 Regarding our notations, in the future ¢, = 0 will mean that CCB is not used. For instance, UB(At; cp, 0) is
the market value of straight debt at time t for a firm that issued only equity and straight debt with coupon cp.

11



above.

It follows from Proposition 1| that the value of straight debt, UZ(Ay;cp, c.), and the cost of

bankruptcy, BC(A¢; ¢, ¢.), are not affected by the presence of CCBE[

The total value of tax benefits, T B(Ay; ¢, ¢.), includes two parts:

1. the benefits associated with straight bond

Oc A\ 7
B . o b o t
TB"(As;cp,c.) = - (1 (AB) )

2. and the benefits associated with CCB

TBC(Ay;cp ) = ejc (1—<jé>v>. (7)

2.2 CCB Parameter Choice under the No Prior Default Condition 1

In this section we use the closed-form solution for the value of equity from Proposition[I] to analyze

Condition 1.

We stat with noting that one can generally interpret Condition 1 as a requirement to choose
A¢ so that to avoid default before or at conversion. The firm defaults when the value of equity
becomes negative. Therefore, to satisfy this condition the level of assets should remain sufficiently
high and the value of equity should stays positive before A; hits Ac. The lowest level of A¢ that

satisfies Condition 1 can be defined as follows:

Acr = inf{A¢: W(As;cp,¢.) >0, for any s < 1(Ac)}. (8)

Based on Proposition [1} in addition to A¢, the value of equity depends on ¢, ¢, and A. Therefore,

these parameters are part of Condition 1 as well.

12 Although UB(Ay; cp, cc) and BC(A;cp,ce) do not depend on c., we use it in our notations when the capital
structure of the firm includes CCB.

12



Next we use the closed-form solution for W (Ay; ¢, ¢.) from Proposition [1|and consider several

numerical examples. The focus is on A¢.

Let r = 5.00%, u = 1.00%, 6 = 35.0%, a = 50.0% and the current value of assets be at $100.0.
Figure [1| shows how the value of equity, W (A;; ¢, ¢.), depends on future realizations of the value
of assets, A;. (The above parameters are shared across all subfigures in Figure |1} Other, specific

parameters are shown in the descriptions of the corresponding subfigures.)

We start with the top three subfigures: (a)-(c). What distinguishes these subfigures among
each other are the values of Ag: $75.0, $66.9 and $60.0.

30 - 30 - - 30
25 2 25
20 20 20
15 15 15
"1 "1 “10
5 5 5
0 0 0/
o 60 8 100 o 60 8 100 kD 60 8 100
Ar Ar Ar

(a) Ac=$75.0, A=0.9, c.=$0.5, (b) Ac=$66.9, A=0.9, c.=$0.5, (c) Ac=%$60.0, A=0.9, c.=$0.5,

cp=%5.24, Ap = $45.85 cp=%5.24, Ap = $45.85 cp=%5.24, Ap = $45.85
40 40
35 35

S 4w 1sb 8 100 ST R 1eb 8 100
4 A

(d) Ac=$37.0, A=0, c.=$3.0, (e) Ac=%$40.0, A=0.05, c.=$2.5,
c=%$3.0, Ap = $26.23 c=%$3.0, Ap = $26.23

Figure 1: Equity value with different conversion-triggering asset levels.

In subfigure (a) the conversion-triggering asset level is set high, Ac = $75. Condition 1 is

satisfied and it does not bind. In subfigure (b) Ac = $66.9. Condition 1 is satisfied and it binds.

13



For the chosen set of parameters this is the lowest possible level of A¢ that satisfies Condition 1.
Finally, in subfigure (c), which corresponds to Ac = $60, Condition 1 is violated. The value of

equity becomes negative and the firm defaults before conversion.

"Very’ low values of A are the main features of subfigures (d) and (e) (compared to subfigures
(a)-(c)). In subfigure (d) the value of equity becomes negative before A; hits Ac = $37.0 which
violates Condition 1. In subfigure (e) the conversion-triggering asset level is set higher, Ac = $40.0,
and Condition 1 holds and binds. In both subfigures, however, low values of A\ lead to non-

monotonicity of equity values as functions of A; before conversion.

When required in the future we will explicitly avoid non-monotonicity of equity values in A;
by imposing Condition 2.
Condition 2: ¢, ¢.; Ac and A\ are such that equity value, W(As; ¢, c.), is strictly

increasing in asset level, A;, for A; > Ac.

Given Condition 2, since W (Ay; cp, c.) is strictly increasing in A;, (with no asymmetric in-
formation) there is a one-to-one correspondence between equity and assets values for 4; > Ac.
Therefore, the conversion condition for CCB can be formulated in terms of equity values. The
CCB debt converts into equity if the value of equity drops to We = W(Ag;cp, ¢.). This be-
comes important since equity prices are observable while asset values are not. We will use A¢g
and W interchangeably - A¢ is more convenient for analytical calculations and W is better for

implementations.

3 Optimal Capital Structure

Assume that at time ¢ the firm has no debt but is planning to leverage up by issuing both straight
and CCB. The owners (either equity holders or the original owners of the private firm) fiz the
amount of CCB they plan to issue by setting Ac, c. and X\ first. Then, they maximize the total
value of the firm by finding an optimal amount of straight debt. We look at how the resulting

capital structure compares to the optimal capital structure without CCB.

14



Theorem 1. Assuming that the amount of CCB is sufficiently low and parameters ¢y, c., Ac
and A satisfy Condition 1, the optimal amount of straight debt in a capital structure that includes
CCB, equity and straight debt equals the amount of straight debt in the optimal capital structure

that includes only equity and straight debt. The coupon on straight debt is the same for both cases

G = ﬁ(f)i{(v+l)(f+aﬂ(19)) B Q

The firm does not default before or at conversion and, therefore, as in the proof of Lemma
after conversion the maximum-equity-valuation problem of equity holder is the same as in the case
when the capital structure includes only equity and straight debt. This leads to the same optimal

amount of straight debt. Note, that ¢; depends neither on c. nor on Ac or A.

Proposition 2. If the firm chooses a capital structure that includes CCB, equity and the optimal
amount of straight debt then, compared to the case when it chooses the optimal capital structure

that includes only equity and straight debt,

(i) the total value of the firm will be higher by the amount of tax savings associated with c,
G(Ay;ci,ce) = G(Ag¢,0)+TBY(Ag e, ce)
(i) adjusted for tax benefits, equity will be crowded by CCB one-to-one

W(Asep,cc) = W(Ag¢;,0) — UC(At;cZ,cc) —I—TBC(At;cZ,cc) (10)

(iti) the total value of tax benefits will be higher by the amount of savings associated with c.

TB(As;ci,c.) = TB(Agc,0)+TBC (A, c.)

15



(iv) and, the values of straight debt and bankruptcy costs will be the same

UB(Ayci,ce) = UP(Agc,0),

BC(Ag;cice) = BC(Ayc,0).

The owners of the firm will issue CCB as it increases the total value of the firm by the amount
of additional tax savings. The amount of straight debt does not change as CCB is issued on top of
the optimal amount of straight debt. Therefore, allowing firms to introduce CCB to their capital
structures in the way described above will create extra social costs in the form of additional tax
subsidies. The cost of bankruptcy and timing of default will remain the same so the quality of

straight debt will not improve.

3.1 Leveraged Firm with Suboptimal Amount of Straight Debt

We started this section with the firm being unlevered. Assume instead that the firm has a capital
structure that includes equity and straight debt paying ¢ (not necessarily equal to ¢j) and decides
to issue CCB without changing the amount of straight debt. Based to Lemma [I} the default
boundary does not change and, therefore, issuing CCB does not affect the values of straight debt
and bankruptcy costs. The total value of the firm increases by the value of tax benefits associated
with CCB, G(Ay; G, ce) = G(As; 6, 0) + TBCY(Ay; G, ce). And, based on budget equation , the

new value of equity is
W(Aiépee) = W(A;6,0) = [U9(As Gy, ce) = TBY (A 6, c0)] -

These results are similar to the ones from Proposition[2] Equity holders are willing to issue CCB as
it increases their overall value. Although they experience a drop in the value of their holdings in the
amount of UY(Ays; &, c.) — TBC(Ays; 6, c.), they collect dividends in the amount of U (Ay; &, c.).

Extra social costs are created. The quality of straight debt remains the same.
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4 CCB Instead of Straight Debt

In Section [3] CCB was issued on top of straight debt. We move now to cases when CCB replaces
a portion of straight debt that is either to be newly issued (in the optimal amount) by the firm
when it has no debt or is already part of a capital structure that includes equity and straight debt
(not necessarily in the optimal amount). We study the effect of debt replacement on the values of

different claims associated with the capital structure of the firm.

4.1 Initial Choice of Capital Structure Under Regulatory Constraint

We start with the case when CCB replaces a portion of the optimal amount of straight debt that
is to be newly issued. Assume that at time ¢ the firm has no debt but is planning to leverage
up. Instead of issuing an optimal amount of straight debt, UB(A;, A%; ¢}, O)E it has an option to
issue both straight and CCB under a regulatory constraint. Regulators fix the amount of straight

debt, UB(A;, Ap; é, c.), and the amount of CCB, U (Ay, Ap; &, c.), so that
UP(Ay, Ap; Gy cc) + U (Ay, ApiGpec) = UP(Ay, Ag;¢5,0). (11)

The total amount of debt equals the optimal amount of straight debt when the capital structure

of the firm includes only equity and straight debt.

The same amount of CCB can be issued with different coupons and conversion-triggering asset

levels. The firm, for instance, can pick A¢ and find ¢, by solving as shown below.

UC(AhAB;EZNCC) = UB(AtaA*B;C?;7O) - UB(AtaABgébaCC)
Ce At - At - Ce
— 11— = - A—
r ( (Ac) > + (Ac) ( 7’)

Ce

UP (A, A c;,0) — UP(Ay, Ap; Gy, ce)

UB<At7 A*B7 6270) - UB(Ata AB? 6b7 CC)

1 (1 S (1-)) (;‘C)W)

13We slightly change notations in order to keep track of the corresponding default boundaries. For instance, in
the case of UB(Ay, A%, 0) the default boundary is A

(12)
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We investigate if the firm would prefer the optimal capital structure that includes only equity

and straight debt to the one that includes equity, straight debt and CCB but is subject to regulatory

constraint .

Proposition 3. If instead of the optimal capital structure that includes equity and straight debt

an unlevered firm chooses its capital structure based on requlatory constraint then

(a) the change in the total value of the firm will equal the difference in the corresponding values of

equity
G(Ay, Ag;éy,c.) — G(Ay, A ¢, 0) = W(Ay, Ay, ) — W(Ay, A i, 0) =
At -7 At - — At - Ce
_ an— (2L)  ap) -6 Ce 1
0+ o — fa) <<A3§) . (AB> ) -0( 5 ()\T> (13)

(b) if coupon c. is sufficiently small, the total value of the firm will be higher: there exists ¢ such

that G(Ay, Ap; 6, ce) > G(Ay, A%; e, 0) for any c. € (0,¢1)

(c) the cost of bankruptcy will be lower, BC(As, Ap;éy) < BC(Ay, Aicp).

The key result is that the owners of the firm gain from replacing a small amount (¢, € (0,¢))
of straight debt with CCB. The intuition is that the tax savings associated with coupon payments
decrease due to 7(A¢) < 7(A%), but the firm benefits from reducing its bankruptcy costs due to
a smaller amount of straight debt after the replacement. For small amounts of CCB the benefits

exceed the lost tax savings.

The amount of CCB that the firm can issue is set by regulators exogenously, via constraint
. Therefore, for the firm to be willing to replace straight debt with CCB, regulators need know

how to set the constraint so that ¢. does not exceed ¢;.

We continue by numerically analyzing the effects of issuing CCB instead of straight debt. We
denote G(Ay, Ap; ép, cc) — G(Ay, A%; e, 0) by AG and use to show how the total value of the
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firm changes depending on how much of the optimal amount of straight debt is being replaced

with CCB.

Figure 2: AG. (A, = $100, r = 0.05, pu = 0.01, o = 15%, 6 = 35%, a = 50%, A = 1; ¢ = $5.24
and UB (A, A% ct,0) = $88.36.)

Consider an unlevered firm with parameters in the description of Figure The optimal
amount of straight debt that can be issued without the regulatory constraint is UZ (4, A, 0) =
$88.36. The amount of straight debt that is being replaced subject to constraint ranges from
$1 to $25. As mentioned above, the same amount of CCB can be issued with different conversion-
triggering asset levels. For each value of U® we consider four Ac values: $80, $85, $90, and

$95.

There are three main observations based on Figure 2} First, only a portion of the optimal
amount of straight debt can be replaced with CCB without lowering the total value of the firm.
(This is consistent with part of Proposition ) As UY gets above (roughly) $20, AG becomes
negative and keeps decreasing for all Ax values. Losses in tax benefits due to significant reductions
in the amount of straight debt lead to lower total values of the firm. Second, lower A values result
in higher total values of the firm. (This is consistent with part (??) of Proposition ??.) Curves

that correspond to lower A¢ values lie strictly above the ones that correspond to higher A¢x values.
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Lower Ac values translate into later conversions and lead to higher tax savings associated with

coupon cCe.

Finally, changes in the total value of the firm are non-monotonic in U¢. For lower Ag values
they first increase and then decrease. By gradually replacing straight debt with CCB starting with
very small amounts, the firm reduces its bankruptcy costs and increases its total value. But, as
the amount of CCB keeps increasing, reduced tax savings start dominating the benefits of lower

bankruptcy costs which causes the total value of the firm to go down.

In summary, the firm in the above example would prefer a capital structure based on regulatory

constraint to the optimal capital structure that includes only equity and straight debt.

The main economic result of this section is that letting unlevered firms replace straight debt
with CCB in their new, leveraged capital structures creates benefits without additional costs. Total
firm values increase and bankruptcy costs decrease. The total amount of debt in the economy

remains the same, so there are no extra costs of additional tax subsidies.

4.2 Partially Replacing Existing Straight Debt with CCB

We continue with the case when CCB replaces a portion of already existing (not necessarily in the
optimal amount) straight debt. Assume that at time ¢ the capital structure of the firm consists of
equity and straight debt paying coupon ¢, (not necessarily equal to ¢f). The firm wants to issue
CCB and swap it for a portion of straight debt in order to reduce ¢, to ¢, where ¢ < ¢. Once
the announcement is made, the market value of straight debt, that is still paying ¢, will rise from
UB(At,AB; ¢y, 0) to UB(Ay, Ap; 6, 0) to reflect a lower default boundary due to a lesser amount
of straight debt after the swap. For the straight debt holders to be indifferent between exchanging
their holdings for CCB and continuing to hold straight debt the following budget equation should

be true

UB(AthB;CAbaO) = UC(ADAB;EZHCC) +UB(At7AB;@7CC)° (14)
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The updated value of existing straight debt post announcement should equal the value of CCB

plus the value of straight debt that remains after the swap.

Coupon ¢, is set exogenously and, as before, the same amount of CCB can be issued with
different coupons and conversion-triggering asset levels. The firm, for example, could pick ¢, and

Ag first and then find ¢, by solving as shown below.

Uc(At7AB;6bvcc) = UB(AUABaCAZNO) _UB(At7AB;€bch)

-G ) ) e - 2 () )
() )

We analyze if equity holders would be willing to replace some of the existing straight debt

with CCB and what effect this replacement would have on the total value of the firm.

Proposition 4. If a leveraged firm with a capital structure that includes equity and straight debt

replaces a portion of straight debt with CCB then

(i) the value of equity decreases, W (A, Ag;éy,ce) — W ( Ay, A; é,,0) <0

(i) the change in the total value of the firm is such that

G(A;, Ag;ép,c.) — G(Ay, Ag; 6,,0) = — p— — [ = + aA =
(a) G(A¢, Ap; ép, ce) (A¢, Ap; 6,0) r((AB 1, odp | 7

win(45) -o(5) (%)

(b) G<AtaAB;6b7CC> - G<AtaAB;éb70) > W(ADAB;EZNCC) - W(AtaABvéb;O)
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v _ _
(c)if & > cf and X > 2 — (A%) , then there exists ¢ such that G(As, Ap;ép,cc) >

G(Ay, Ap; 6,0) for c. € (0, &)
(iii) the cost of bankruptcy decreases, BC (A, Ap; &) < BC(At,AB;éb).

If the firm is leveraged optimally or over-leveraged compared to its optimal capital structure
(é > cf) it could benefit in terms of its total value from replacing a certain amount (c. € (0,¢1)) of
straight debt with CCB (issued with A > 2 — (;%) . There are two forces at work here. First,
as before, replacing straight debt with CCB pushes the tax savings down, but the firm benefits
from reducing the cost of bankruptcy. For certain amounts of CCB the benefits will dominate the
lost tax savings.

Second, although debt becomes less risky due to Ag < Ap the total amount of debt increases
by the difference between the value of straight debt post announcement, UB(4;, Ag;é&,,0), and
the value of straight debt pre announcement, U (A, AB; ép,0). By increasing the total amount
of debt while reducing the cost of bankruptcy the firm benefits from relatively higher (compared
to the case when the total amount of debt did not change as in Section tax savingsiﬂ The
presence of these relative benefits is independent of the amount of CCB. The new tax savings for
the firm, though, might (if not compensated by the reduction in tax savings due to the use of
CCB) translate into additional social costs in the form of extra tax subsidies. As the amount of
CCB debt increases (c. > ¢1) lost tax benefits become larger and can turn all the gains, including
the ones from lower bankruptcy costs and the additional tax savings, into losses.

Although the total value of the firm could increase, equity holders will not replace voluntarily
any amount of existing straight debt with CCB as their value decreases. All the potential gains in
the total value of the firm plus a portion the value of equity are passed on to debt holders. The

observed effect is due to debt overhang inefficiency.

We analyze the results of Propositionnumerically. We plot values of G(Ay, Ag; ¢y, c.)—G( Ay, Ap;é, 0),

>
14Note7 that 2 — f—é <1for Ay > Ac.

15Based on this, one would expect that, everything else being equal, & > &;.
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denoted by AG and computed based on the formula in part (a) of item 1D of the proposition, for

a range of CCB values and several conversion-triggering asset levels.

——A_=$95
K 5 10 15 20 25
UC

Figure 3: AG. (A; = 8100, r = 0.05, p = 0.01, 0 = 15%, 6 = 35%, a« = 50%, A =1; & = ¢} =
$5.24 and UB(Ay, Ap; 6,,0) = UB(A,, A%y; ;. 0) = $88.36.)

We use the firm from Section The assumption is that it has issued straight debt in the
optimal amount and now is replacing some of this debt with CCB. Coupon ¢ is set equal to c;
and values of the rest of the parameters, including the market value of assets, are exactly the same
as in Section (all shown in the description of Figure [3]).

Figures [2| and [3| are comparable. Figure [2] shows how the total value of the firm changes
depending on the amount of CCB the firm uses when it leverages up for the first time based on
regulatory constraint . Figure 3| shows how the total value of the firm changes depending on
the same amounts of CCB when the firm is already leveraged and replaces straight debt with CCB
so that market constraint holds. In both cases the firm uses CCB to replace portions of the
same (optimal) amount of straight debt.

The general logic of the observations based on Figure 2] applies to Figure [3] so we are not

going to repeat the related discussions from Section [41]

There is an important difference between the two figures, though. Notice that, if plotted
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together, the curves from Figure [3| would lie above their counterparts from Figure [2l Changes in
total values of the firm for the current exercise exceed the corresponding changes in total values for
the exercise in Section This is due to relatively larger total amounts of debt post replacement

and, correspondingly, higher tax savings.

In summary, in the above exercise all the benefits for the firm and the economy overall from

replacing straight debt with CCB discussed in Section remain.

The key economic result of Section is that if the firm decided to partially replaces existing
straight debt with CCB the total value of the firm would increase while bankruptcy costs together
with the total amount of risky straight debt would decrease. Equity holders, however, will never

initiate this kind of debt replacement on their own due to debt overhang inefficiency.

5 TBTF Firms

In this section we look at firms that are 'too big’ for the government to let them fail as they pose
systemic risk. In our model the government bails out a TBTF firm by assuming control over its
assets and taking over its obligation to make payments to straight debt holders at the point of
bankruptcy. We study the possible reduction in the government’s TBTF subsidy that may be
achieved by requiring partial replacement of straight debt with CCB in the capital structure of a
TBTF firm.

Consider a firm with a capital structure that includes equity and straight debt, paying coupon
¢p. In the structural model we have used so far the firm reaches bankruptcy when the value of
assets, A, hits the default boundary level, Ag, for the first time. At that point, if the government
decides to step in to prevent bankruptcy, it will obtain assets worth Ag and an obligation to pay
cy forever with the risk-free value of 2. Therefore, the value of the government subsidy at the

time of bankruptcy is % — Ap.
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Given 7 at any time ¢ before bankruptcy, the value of subsidy i@

S(As;cp,0) = (7 —AB) <AB> o (16)

By definition, a government subsidy prevents the firm from going into default. Therefore, it
eliminates bankruptcy costs, BC(4y; ¢,) = 0, and makes straight debt default-free, UP (Ay; cp, 0) =
.

The optimal time to default 7(Ap) solves the maximum-equity-valuation problem of equity
holders. A government subsidy kicks in at time 7(Ap) and covers only straight debt obligations.
Therefore, it affects neither the timing of default nor the value of Agp = 5(1 — 0)¢p. This implies
that, provided that the capital structure does not change, the value of equity remains the same.
The government guarantee benefits only the debt holders and does not subsidize equity.

Based on Lemma [I] the time of default and the value of assets at the time of default do not
depend on whether the capital structure of the firm includes equity and straight debt or equity,
the same amount of straight debt and CCB. Therefore, given , for a fixed amount of straight

debt, ¢y, the value of subsidy is the same whether CCB is present or not,
S(Agep,ec) = S(Ae,0). (17)

Proposition 5. Let a firm have a capital structure that includes equity and straight debt, paying
coupon cp. If at any time t the government issues a guarantee for the straight debt of the firm,

then

dS(A¢;cp,0) >0

1. the larger is the amount of outstanding straight debt the larger is the subsidy, do

2. the total value of the firm will increase to

G(Ayiep,0) = A+ ? (1 _ (j;) W) n (% ~ Ap) (j;) o (18)

16We return to our initial notations. The default boundary is tied to the corresponding coupon on straight debt

based on .
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5.1 Replacing Straight Debt with CCB

Assume that a TBTF firm is currently unlevered but is considering leveraging up. We try to
understand how the value of government subsidy would depend on whether the firm chooses to
issue straight debt or both straight debt and CCB under a regulatory limit for the total amount
of debt.

Based on equation , the total value of the firm strictly increases in the size of government
subsidym which, based on Proposition [5| (part [1)), increases with the amount of straight debt.
Therefore, equity holders of an unlevered firm would try to issue as much straight debt as possible,
collect the proceeds as dividends and default immediately after the issuancﬂ Knowing this, the
government could set limits on how much debt a TBTF firm could issue. It could set a maximum
straight debt coupon ¢j for the capital structure that includes equity and straight debt. It could
also offer the firm an alternative to issue straight debt with coupon ¢, and CCB with coupon c.

such that the total amount of debt is fixed
UB(A;;¢0,0) = U%(Ay;é,ce) + U (A @, ce). (19)

In the presence of a government guarantee, straight debt is risk-free. Therefore, given the closed-

form solution for U (Ay; ¢, c.) from Proposition equation can be re-written as

i = & 1— At - +/\& ﬂ _7+@.
r r Ac r \(Ac r

This leads to

& = d—c (1 —(1-N (2‘;)7) . (20)

17The last term on the right-hand side of equation equals the value of subsidy from equation .
18 Although the market would know that the firm is going default, due to the presence of the government guarantee,
the firm would still be able to sell this debt.
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Note, that ¢j > ¢&. Based on equation and Proposition [5| (part ,
S(As¢],0) > S(As; 6, ce)- (21)

Replacing straight debt with CCB reduces the value of subsidy. Also, based on equation , the
higher is ¢, the lower is ¢,. The larger is the portion of CCB, the smaller is the amount of the

remaining straight debt and, therefore, the lower is the value of the government subsidy.

A government subsidy eliminates bankruptcy costs, BC'(Ay; ¢, 0) = 0, and, similar to equation

@, the total value of the firm for the case when it does not issue CCB is
G(As;¢],0) = A +TB(As;c],0) + S(Ai;¢f,0).
Equivalently, the total value of the firm when it does issue CCB is
G(As;6pycc) = A +TDB(Ag; 6, ce) + S(As; G, ce).
Consider the difference
G(As;¢],0) — G(Ag; Gpycc) = TB(Auc],0) — TB(Ay; 6, c0) + S(As; ¢, 0) — S(Ag; G, c0)(22)

Based on equation , the last difference on the right-hand side of the above equation is strictly
positive, S(A; ¢, 0) — S(Ay; &, cc) > 0. In the appendix (see proof of Proposition @ we also show
that G(Ay; ¢, 0) — G(Ay; G, ¢c) > 0. The reduction in the value of government subsidy is the main

driver behind the reduction in the total value of the firm when straight debt is replaced with CCB.

The above arguments can be summarized in a proposition.

Proposition 6. Replacing straight debt with CCB in a new capital structure of an unlevered TBTF

firm subject to a regqulatory limit on how much debt it is allowed to issue
1. reduces the value of the government subsidy, S(Ay;cy,0) > S(Ay; 6, c.)

27



2. reduces the total value of the firm (i.e., the gains of equity holders from leveraging up the firm),
G(Ay;¢],0) > G(A; 6, cc).

We started this subsection by considering an unlevered TBTF firm. Had the firm been lever-
aged with straight debt, replacing its existing straight debt with CCB would have led to results

similar to the ones captured in Proposition [f]

The key observation is that, due to the government subsidy, the straight debt of a TBTF
firm is risk-free, so, when the firm announces the swap of a portion of straight debt for CCB, the
straight debt does not appreciate. In other words, there is no debt overhang effect similar to the
one we observed in section Therefore, the regulatory constraint is the same whether the

firm replaces existing or to-be-newly-issued straight debt with CCB.

Proposition 7. Replacing straight debt with CCB in a capital structure of a TBTF firm that

includes equity and straight debt
1. reduces the value of the government subsidy
2. reduces the value of equity holders.

Propositions [6] and [7] suggest that equity holders of a TBTF firm will oppose issuing CCB.

6 Multiple Equilibrium Equity Prices and Market Manipu-

lations

Our goal in this section is to present two equity-value issues that may arise when firms use CCB.
First, we show the existence of multiple equilibrium equity prices, and, second, we look at the
incentives of market participants to manipulate the equity market. We distinguish between ma-

nipulations by CCB holders and the ones by equity holders.

We assume Condition 2 and, therefore, the value of equity is strictly increasing in the value

of assets before and at conversion. This allows us to formulate a conversion rule for CCB di-
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rectly in terms of equity value - CCB converts into equity when the equity value drops to W =

W(A¢;ep, c.). We corresponds to A¢ in the earlier analysis.

6.1 Two Equilibrium Equity Prices

We start by showing the existence of two different equilibrium prices for the equity of a firm that

issues straight debt, equity and CCB.
As it is captured in Figure[d] consider three time instances ¢, ¢ and t4, where t < ¢4 <t .

At time ¢ the market value of assets, A;, is uncertain. The uncertainty is resolved at ¢4 when
A; takes either the value of Ay with probability p or the value of Ay, with probability (1—p). Ag,

Ap and Ag are such that Ay < Agc < Ap.

t ty byt

I ] ]
T T 1

. . A; = Ay — No conversion
if W; > We — No conversion

Observe: W; 1

Do not observe: A;

/\@

-7 A; = A; — Conversion

. . P A; = Ay — No conversion
if Wy < W — Conversion <

1-p A; = A, — No conversion

Figure 4: Equity price, asset value and CCB conversion decisions.

The sequence of possible events is as follows. The market value of equity, W, is observed at
time t. If W; < W, then at time t; CCB converts into equity. Otherwise, there is no conversion
at t;. The realized market value of assets, A;, is observed at t . If the realization is Ay, and there
was no conversion at t;. CCB converts into equity at time ¢, . Otherwise, there is no conversion

at t++.

Consider the case when there is no conversion (i.e., Wy > W) at time ¢,. If the realization
of A; at time ¢4 is Ay, then the value of old equity at time ¢4 is W (Ag;cp,c.). This value
reflects the fact that, due to Ac < Ay, Ay does not trigger conversion at t4. There are no new

equity holders.
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On the other hand, if the realization of A; at time ¢, is Ar, then the value of old equity at
time ¢y is W(AL;cy,0) — A%, In this case, due to A, < A, Ar does trigger conversion at ¢ .
The value of old equity equals the value of total (old and new) equity post conversion minus the

value of new equity issued to replace CCB.

We denote the value of old (observed) equity at time ¢, when there is no conversion at ¢, by
W;. Tt can be calculated as the expected value of old equity at time ¢,

Wy = pW(Am;cp,cc)+ (1 —p) (W(AL;cb,O) - )\&> . (23)

r

Now consider the case when at time ¢y CCB does convert into equity (i.e., Wi < W¢). We
denote the value of old (observed) equity at time ¢ when there is conversion at t; by W;. Then,
the value of total (old and new) equity post conversion at time ¢, is W, + Afe. The values of total
equity at time ¢ty for Ay and Ay are W(Ag;c,,0) and W(AL; ¢, 0), correspondingly. And, the

value of total equity at time ¢, is its expected value at time ¢4, :
W, + )\% = pW(Au;c,0)+ (1 —p)W(AL; e, 0).
This leads to
Wi = pW(Amies,0) +(1—p)W(Aies,0) = AT, (24)

Based on , and Proposition |1} the difference in the observed values of equity for the two

cases is

ACe ACe
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I
‘Q
[
VR
—
|
7 N
Q |z
N———
|
2
N~
™
+
>
|
=



If (A460)>1, W, > W,.
We proved the following theorem.

Theorem 2. If (A + 60) > 1, then there could be two market equilibria

1. a relatively high equity price at time t and no conversion of CCB into equity at time t,

2. and, a relatively low equity price at time t and conversion of CCB into equity at time t.

Note that the proof above is based on the assumption that W¢ is such that Wt < We < W,
Since W, is strictly higher than W;, we can find values of W¢ that satisfy the above condition by

picking certain values for c., p, etcﬂ

The intuition behind Theorem [2] is as follows. Early conversion leads to a guaranteed loss
of tax benefits associated with CCB. This leads to a lower value of equity, W,. If, on the other
hand, the debt is not converted before the uncertainty about the value of assets is resolved, the
tax benefits are lost only with probability (1 — p). This corresponds to a higher value of equity,

W,

6.2 Equity Market Manipulations

We continue with analyzing the conditions under which market participants might be willing to

manipulate the equity market.

6.2.1 Manipulation by CCB Holders

We start with the case when CCB holders attempt the manipulation.

The motivation is as follows. Market participants might profit by buying CCB when the stock
price of the firm is above the conversion-triggering level W¢, driving the price down (by spreading
negative news, short selling equity, etc.) in order to trigger conversion and then selling the equity

obtained as the result of conversion when the price corrects.

90ne can try to specify more explicitly the corresponding values (or ranges of values) for these parameters by

using , and Proposition
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Assume that, as in Section [6.1) at time ¢ the market value of assets, A;, is uncertain. At
some future time the uncertainty is resolved and A; can take the value of Ay with probability
p or Ay with probability (1 — p). p reflects correct beliefs about realizations Ay and Ayp. Also,
Apg and Ay, are such that, when the true value of A; is realized, only Ay, triggers conversion (i.e.,
Al < Ac < Ag).

As before, we also assume that the market value of equity is observed before the uncertainty
about A; is resolved.

We model CCB holder manipulations as actions that drive down the equity price by convincing
the market that the probability of A; reaching Ay is p’ and the probability of A; reaching Ay, is
(1 —1p), where p’ < p.

Assume that, if the market believes that the probability of A; reaching Ay is p (and the
probability of A; reaching Ay, is (1 — p)), the value of equity is above W and, therefore, there
is no conversion. On the other hand, if the market believes that the probability is p’, CCB does
convert into equity.

In expectation the post manipulation (i.e., after the stock price is driven down, CCB is con-

verted into equity and the correct belief p is restored) value of equity is
Wy = pW(Am;c,0)+ (1—p)W(AL;e,0).

When the market is manipulated, at the point of conversion, the value of equity is
Wy = pW(An;,0) + (1 —p )W (AL;,0).

CCB holders receive equity in the amount of A<=. As the market belief corrects, the value of equity
changes from VIZ to W;. Therefore, the expected value of the payoff to (former) CCB holders after

the market corrects is

& pW(AH7 Ch, 0) B (1 B p)W(AIn Cp, 0)
r pPW(Am;e,0) — (1 —p")W(AL;¢,0)

m =
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If there is no manipulation that triggers conversion, the expected value of the payoffs to CCB

holders is
I, = pUC(AH;cb,cc) +(1 fp))\%.

Consider the difference in these two values

ce (p—p YW (Ag;cp,0) — W(AL;¢,0)) o co
T —p(U“(Am;cp,ce) = A=)
r p'W(An;c,0) = (L= p)W(AL; s, 0) p( (An; ey, ce) )

IT, — 11
t t r

By using the closed-form solution for UY (Ag; ¢y, c.) from Proposition [I|and rearranging terms, we

get

r _ &(p_pl)(W(AH§Cba0)_W(AL§Cb70))7 G, (An -
Mt = A W A 0) — (1 W (Ane,0) Y0V (1 A

Ce p— p/ Ce Ay 7

= A= —p(1—=XN)= <1 - () ) . (25)

W (ArL;cp,0)
" p/ + W(AH;Cb,O)iV[l;(AL;Cb,O) T AC

It’s easy to see that if A = 0, based on equation , IT} < II; and, therefore, CCB holders do

not have an incentive to manipulate the market.

Also from 7 IT, — TI; is strictly increasing in A and the value of A for which the difference

in the two payoffs is zero is

. p (1 - (%))ﬂ . (26)
vg@i,;cb,m +p (1 - (%))

/
p'+ W (AR icp,0)—W (AL cp.0)

Clearly, A* > 0. Also, since — W(}L/;Cb,o) >0, \* < 1.

'+ W (Aficp,0)—W (AL icp.0)

The above arguments are summarized in Theorem

Theorem 3. There exists \* € (0,1) such that II; — II; = 0 and
1. if X < X* CCB holders will not manipulate the equity market
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2. and, if A > \* CCB holders will manipulate the equity market.

The intuition for why small values of A should prevent manipulation is as follows. At conver-
sion, CCB holders give up a stream of future coupon payments for the value of A. Small values
of A mean that, even after we account for the appreciation of equity post conversion, the value
CCB holders receive is too small compared to the value of future coupon payments they need to

give up. Therefore, CCB holders will not try to force conversion.

Based on equation , there are two major drivers behind the value of A*. The first one
is the distance between the probabilities p and p’. The bigger is the difference (p — p’) the lower
is A*. The interpretation is that the greater the benefit of a manipulation, the lower should the

conversion ratio be in order to avoid manipulation.

The second driver is the difference between equity values for asset realizations Ay and Aj.
Here, again, the bigger is the difference (W (Ag;cy,0) — W(AL; ¢, 0)) the lower is A*. That is, the
greater the possible asset range, the greater the benefit of a manipulation, and the lower should

the conversion ratio be.

6.2.2 Manipulation by Equity Holders

We turn to the case when equity holders might attempt to manipulate the market.

The motivation is that equity holders might increase the value of their holdings by manipu-
lating the equity price down to W, triggering conversion, and then correcting the market belief.
The potential value increase arises if the obligation to pay the CCB holders ¢, is removed through

conversion at below the market value.

The value of (old) equity holders before they attempt to manipulate the market is W (A¢; ¢p, cc).
At the point of conversion the value of equity is W(A¢;cp,0). As the market belief corrects, the
value of equity rises to W(A¢;¢p,0). The new value of (old) equity holders equals the differ-

ence between W(Ay;cp,0) and the value of (new) equity that belongs to former CCB holders,
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W Acer0)" (Old) Equity holders will not manipulate the market if

c A 3 s
W(As; e, cc) = {W(At; e, 0) — ACrW(thO)]

W(AC7 Ch, 0)

Based on Proposition

W (s cn, o) — [Wt;%,m _ AW<A0>} _ 1= (1 . ( A )) B

7W(Ac;cb,0) r Ac
ACe ﬁ T Xee W(Ag;,0) (27)
r \(Ac r W(Ac;c,0)

Clearly, when A = 0 equity holders will manipulate the market as the right-hand side of equation

(27) is negative.

For 6 = 0 and A = 1 the right-hand side of equation is strictly positive:

Sl (g (AT e (AT e WA, 0 e (W(Asan0) )
r Ac r \Ac r W(Ac;e,0)  r \W(Ag;a,0) ’
As 6 increases the right-hand side of equation [27] only becomes larger. Therefore, for any feasible

0, if A =1, the difference in the equity values is going to be positive. This means that no market
manipulations will be taking place.
It is also clear that the right-hand side of equation is strictly increasing in A and the value
of A for which the difference in the equity values is zero is
(1-0) (1 - (;;‘C)_7>
A= . (28)

W(A;ep,0) [ Ay -
W(Ac;cb,o) AC

For values of A higher or equal to A** the right-hand side of equation is going to be non-
negative and equity holders will not have an incentive to manipulate the market. On the other
hand, for values of A lower than A** they will manipulate the market. Note, that A** is a decreasing

function of the asset value A;. Therefore, for the above observation to be true for any realization
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of A; before or at conversion, we choose the highest

S <1 - (:t)v) =(1-9).

W(Ac,cb,o) (A7>
W(AC cp,0) A

AF* S

We proved the following theorem.

Theorem 4. If A\ > (1—0) equity holders will not manipulate the equity market, and if A < (1—10)

equity holders will manipulate the equity market.

It is intuitive that equity holders will not manipulate the market when \ values are above \**|

since the cost of the obligation to pay c. is 'too’ high.

There maybe additional costs associated with manipulations (by both equity and CCB holders)
that we did not take into account. These could include implementation costs, potential penalties,

legal fees, etc. The additional costs would make manipulations harder to implement.

7 CCB and Asset Substitution Inefficiency

In this section we investigate if including CCB in the capital structure of a firm would make equity
owners more willing to switch to riskier technologies by choosing higher asset volatility parameters.
There are three cases. First, we consider including CCB in a capital structure as part of a CCB for
equity swap that leaves the amount of straight debt unchanged as discussed in Section [3] Second,
we return to the assumptions of Section and look at the case when CCB is included in a de
novo capital structure as a CCB for straight debt swap under regulatory constraint . Third,
we consider adding CCB to an existing capital structure as a CCB swap for existing straight debt

under constraint , following the assumptions of Section
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7.1 CCB Introduced as a CCB for Equity Swap in a De Nowvo Capital

Structure

We start by returning to the conditions of Section [3] where we found that an unconstrained firm
would add CCB to a de novo capital structure as part of a CCB for equity swap. We now consider
whether adding CCB to the capital structure of a firm in this manner creates an incentive for the
firm to change the riskiness of its technology (i.e. by changing the parameter o). We have the

following result.

Proposition 8. Assume that the firm has set its capital structure, which includes CCB, equity,
and the optimal amount of straight debt. If (A+60) > 1 ((A+0) < 1) then, compared to the case of
the optimal capital structure that includes only equity and straight debt, the dollar gains of equity

holders from switching to riskier technologies will be lower (higher).

The intuition for Proposition [§ follows from understanding that a higher asset volatility in-
creases the likelihood that the CCB trigger will be reached. From our discussion above, conversion
is costly for existing shareholders when (A+6) > 1, and thus the equity holders in a firm with such
a CCB contract will prefer safer technologies. In contrast, CCB conversion is profitable for the
existing shareholders when (A4 6) < 1 and the equity holders in a firm with such a CCB contract

would then prefer the higher risk technologies.

The applicability of Proposition [8| also requires that the dollar gain in equity value be the
proper criterion for assessing asset substitution effects. This is an issue because, for the case in
this section, the firm adds CCB to its capital structure through a CCB for equity swap that leaves
the CCB firm with a lower equity value than a comparable firm with only straight debt. As long
as the firm’s shareholders participate proportionately in the CCB for equity swap, the dollar gain
in equity remains the proper criterion. On the other hand, if a set of shareholders were to gain a
larger proportionate share of the firm as a result of the CCB for equity swap, they could make the
asset substitution decision based on the percentage increase in their equity value. This might be

true, in particular, for managers with stock options who would be unable to participate in the CCB
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Figure 5: Ex-post equity values: single firm. (A4; = $100, (initial) ¢ = 15.0%, ¢ = $5.24,
Ac = $70, c. = $0.5, r = 0.05, u = 0.01, § = 35%, and a = 50%.)

for equity swap. We now use two numerical exercises to demonstrate that a percentage change in
equity value criterion expands the conditions under which the incentive for asset substitution is

greater for a CCB firm.

Consider an unlevered firm at time ¢ with the market value of assets 4; = $100 and a constant
instantaneous volatility of changes in the value of assets firm o = 15.0%. The firm sets an optimal
capital structure by leveraging up. Four cases are considered. In the base case the firm issues
no CCB. In the remaining three cases the firm issues CCB with A = $70, ¢. = $0.5 and three
different conversion values: A = 0, A = 0.65, and A = 1. Since we set 6§ = 0.35, the three A cases
correspond to (A+60) <1, (A+60) =1, and (A + ) > 1, respectively. Straight debt is issued with
coupon ¢ = $5.24 based on equation @ Values for the remaining parameters are shown in the

description of Figure [f

Once the straight debt and CCB are issued, equity holders might attempt to raise the value
of their holdings by increasing or decreasing o. Figure [5| helps analyze how the value of equity

depends on changes in volatility. The subfigure on the left-hand side graphs the values of equity as
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Figure 6: Local rate of change and percentage change in ex-post equity values: multiple
firms. (A; = $100, individual initial o values, ¢; = $5.24, Ac = $70, ¢. = $0.5, r = 0.05, u = 0.01,
0 = 35%, and a = 50%.)

functions of ex-post ¢ values. The subfigure in the middle graphs the slopes of the functions on the
left-hand side. Both are consistent with the results of Proposition 8] In particular, in the middle
panel, the sensitivity of the equity value to o is inversely related to the A value of the respective
curves. In addition, the curve for A = 0.65 (that is, (A + 6) = 1) coincides exactly with the curve
for no CCB. The plot on the right-hand side of Figure |[5| shows the values of %. The
key observation is that for ex-post o values (roughly) above 20%, independent of A and 6, relative
changes in the value of equity in the presence of CCB are higher than the ones for the base case.

The conclusion is that equity holders are generally inclined to increase the volatility ex-post if CCB

is part of the capital structure.

Our second exercise looks at a range of firms (each represented by a different initial o) and
evaluates the effects of local changes in volatility. This contrasts with the first exercise in which we
considered a single firm for a range of different ex-post ¢ outcomes. We let the values of A, Ac,
7, Ce, iy, 0 and a be the same as before and the same across all firms. Similar to the first exercise,
we consider a base case - when firms issue only straight debt and equity - and three more cases

- when the firm includes CCB in its capital structure and we evaluate three different \ values: 0
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Figure 7: Ex-post equity values: single firm. (A, = $100, initial o = 15.0%, ¢ = $5.24,
Ac = $70, ¢o = $0.5, 7 = 0.05, ju = 0.01, 6 = 35%, and o = 50%.)

(A+8) <1),0.65 (A+0) =1), and 1 (A +6) > 1).

Figure @ plots ex-post values of 2% (left panel) and # 2% (right panel) for each o (that is,

each firm) and for no CCB and the three A cases. The left panel shows, again, that the sensitivity
of equity to o is higher the lower the A value and that the curve with A = 0.65 coincides exactly
with the no CCB curve. The right panel shows that the percentage change in equity value with
respect to o is always higher for the capital structures with CCB except for the lower end of the
A =1 curve. This suggests, that in the presence of CCB, equity holders will generally switch to
riskier technologies for the above choice of parameters across all initial o values (i.e., across all

firms). This reinforces the conclusion that CCBs tend to magnify asset substitution inefficiency.

7.2 CCB Introduced as a CCB for Straight Debt Swap in a De Novo

Capital Structure under Regulatory Constraint

We continue with the question of asset substitution inefficiency, but now for a firm that introduces

CCB to its capital structure by swapping CCB for straight debt following regulatory constraint
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Figure 8: Local rate of change and percentage change in ex-post equity values: multiple
firms. (A; = $100, individual initial o values, ¢; = $5.24, Ac = $70, ¢. = $0.5, r = 0.05, p = 0.01,
0 = 35%, and a = 50%.)

(L1). We repeat the two exercises from Section Everything remains the same, including the
amounts of CCB and the optimal amounts of straight debt that are issued. The only difference is
that now CCB replaces a portion of straight debt based on equation instead of being added

to a capital structure that also includes straight debt.

Figure [7] helps to analyze how the value of equity changes depending on what level is set to
ex-post. The values are shown for a single company (represented by the initial o = 15.0%) and a
range of ex-post o values. As in Figure [5| the level of the graphs in Figure [7] are always inversely
related to the A value. The curve with no CCB, however, is now higher, while the addition of CCB
now systematically reduces the incentive for asset substitution except for some instances with the
extreme value of A = 0. The intuition is that compared with the base case of no CCB, the firm

now has less straight debt, the effect of which is to reduce the incentive for asset substitution.

Figure [§| shows how equity values respond in relative terms to local changes in volatility for a
range of firms (each represented by a different initial o). These graphs confirm the conclusion of
Figure [7] namely that a swap of CCB for straight debt reduces the incentive for asset substitution

except for some extreme cases with A = 0. Thus quite generally, we find that introducing CCB
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Figure 9: Ex-post equity values: single firm. (A; = $100, initial ¢ = 15.0%, & = $5.24,
Ac =870, c. = $0.5, r = 0.05, u = 0.01, 6 = 35%, and a = 50%.)

to the capital structures of a firm based on regulatory constraint reduces the effect of asset

substitution inefficiency. This is different from what we saw in Section [7.1

7.3 CCB Introduced as a CCB for Straight Debt Swap in an Existing

Capital Structure under Regulatory Constraint

We continue with the question of asset substitution, but now for a firm that swaps CCB for straight
debt in an already existing capital structure. We repeat the two exercises from Sections [7.1] and
Coupon ¢, is set equal to ¢} so the amount of straight debt is optimal and the same as before.
Everything else, including the amounts of CCB, is also the same. The only difference is that CCB
replaces straight debt that has already been issued so that the swap constraint holds. The
CCB swap for straight debt now has the additional effect, however, of increasing the value of the
straight debt, so that this firm will have a somewhat greater value of outstanding straight debt

than in Section [[.2

Figures [J] and [I0] show the same experiment as illustrated in Figures [7] and [§] Indeed, the
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Figure 10: Local rate of change and percentage change in ex-post equity values: multiple
firms. (A4; = $100, individual initial o values, ¢, = $5.24, Ac = $70, ¢. = $0.5, r = 0.05, u = 0.01,
0 = 35%, and a = 50%.)

graphs are very similar, and the conclusion is again that the introduction of CCB in the capital
structure under the condition of a CCB for debt swap decreases the incentive for asset substitution.
Careful examination, however, indicates that the no CCB curve is slightly lower in Figures[9|and [I0]
indicating that the disincentive for asset substitution is slightly weaker in this case. The intuition
is that the value of the straight debt in the capital structure is slightly greater in this case, which

slightly magnifies the incentive for asset substitution.

The main take-away of this section is that issuing CCB as part of a CCB for equity swap,
keeping the amount of straight debt unchanged, could magnify the effect of asset substitution
inefficiency. On the other hand, issuing CCB as part of a CCB for straight debt swap could lead

to reduced asset substitution.

8 Summary and Policy Conclusions

This paper has provided a formal model of CCBs. The results of the formal model are summarized

in Tables [I] and 2] Table [I] summarizes the primary effects of CCB issuance on firm and equity
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Table 1: Effects of CCB issuance on the capital structure of the firm*

o
=
]
> 8
g 2
g = 3% %
>~ R ®
£ E 58 =
2§ 8
Firm Constraint F B A < B Other Effects Firm Decision
Unleveraged  Sufficiently small + 1+ <+« 1 T n/c Issue CCB on top of
amount of CCB optimal amount of SD
Leveraged Sufficiently small 1+ 1+ <+ 1 T  n/c Issue CCB on top of
with SD amount of CCB existing amount of SD
Unleveraged  Total amount of 1 1 | | ~ mnj/c Replace some SD
debt is fixed with CCB
Leveraged Total amount of 1+ | | | ~  Debt overhang Do not issue CCB
debt is fixed
TBTF Total amount of | | | 1n/c ~ Reduced govern- Do not issue CCB
(Leveraged/  debt is fixed ment subsidy
Unleveraged)

*SD: straight debt; TBTB: Too-big-to-fail; n/c: not considered; 1: increase; |: decrease; <»: no change;
~: no effect or insignificant increase/decrease

value as a function of the firm’s capital structure status and any imposed constraints. Table 2]

provides our primary results showing how the conversion ratio A affects the incentives for CCB

holders and equity holders to manipulate the firm’s stock price in order to trigger conversion.

In terms of prudential bank regulation, we have shown that CCBs provide a new instrument

that allows banks or firms to recapitalize in an automatic and dependable fashion whenever their

capital reaches a distressed level. In other words, CCBs generally have the potential to provide

most of the tax shield benefits of straight debt while providing the same protection as equity
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Table 2: Incentives of CCB holders and equity holders to manipulate the stock market

Conversion Ratio | Action Intuition

0< A <A CCB holders want to If A is high CCB holders receive
drive the stock price down | a large amount of undervalued equity at
to trigger conversion conversion

AN CCB holders do not want If A is low CCB holders are poorly

to trigger conversion compensated at conversion

A<1l—06 Equity holders want to If X\ is low equity holders can cheaply
drive the stock price down | get rid of the obligation to pay c.
to trigger conversion

1-0< X Equity holders do not want | If A is high conversion is costly to
to trigger conversion equity holders

capital against bankruptcy costs. For CCBs to be effective in this role, however, it is important
that the banks be required to substitute CCBs for straight debt, and not for equity, in their capital
structure. The regulatory benefits of CCBs for bank safety also are greater the higher the trigger

at which conversion occurs.

We conclude with comments on important topics for future research. We first comment on
three extensions that would generalize assumptions in the current paper. One useful extension
would fully determine the firm’s optimal capital structure in the presence of CCBs. In particular,
our analysis has been static in the sense that we assume the firm’s entire CCB issue is converted
into equity at a single point when the trigger is activated. We suspect, however, that the CCB
benefits would expand further if the bonds could be converted in a sequence of triggers and/or
that banks committed to issue new CCBs as soon as the existing bonds were converted. A second
factor is that our analysis has assumed that both the CCBs and straight debt have an unlimited
maturity in the fashion of a consol. We expect that an analysis with finite maturity bonds would
find lower debt overhang costs of swapping CCBs for straight debt. A third extension would allow
the geometric Brownian motion of asset dynamics to include jumps. This would have an impact

on the valuation of all claims in the model. A related assumption is that we have not allowed the

45



firm to use CCBs to purchase additional assets. While we do not expect this will change our basic

results, this should be confirmed.

We conclude with two topics for future research concerning the use of CCBs for prudential
bank regulation. As one topic, Flannery (2009a) has suggested that banks be presented with the
choice of raising their capital ratio by a given amount or of raising their capital ratio by a smaller
amount as long as it is combined with a specified amount of CCBs. The regulatory parameters
in such a menu determine the tradeoff between regulatory benefits and bank costs. A calibrated
version of our model could potentially measure the terms of this tradeoff. A second regulatory
topic concerns the amount of tax shield benefit allowed CCB. As just one example, it would be
useful to explore the effects of allowing full deduction for interest payments that correspond to the
coupon on similar straight bank debt, but to exclude any part of the CCB coupon that represents

compensation for the conversion risk.

46



Appendix: Proofs

Proof of Proposition [1 Except for the solutions for G(A¢; ¢y, c.) and W (Ay; cp, c.) all the other

ones are derived as present values of the corresponding cash flows. Equation is applied repeat-

edly with different values for K.

UB (At7 Cp, cc)
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E? / e T eds + e TR TN (1 — ) Ap
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Based on the budget equation

W (A ep,ce) = A +TB(Ayep,ce) — UP(Agsep,ce) — U (Agsee) — BC(Ag;cp).
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Therefore,

-
W(At, Cp, CC) = At + ? (1 — < At )

Finally, based on equation ({5
ey Ay - fc. Ay - Ay -
G(Ayg; ) = A+ —|1—-|— + 1—(— —aAp | — .
( b, € ) t T < <A3> r AC asn AB

Lemma 2. If (A4 0) > 1, then the value of equity, W (Ay; cp, c.), is a strictly increasing function
of Ay for Ay > Ac. Moreover, if (A +0) > 1, the lowest asset level Aoy, that satisfies definition
(@ is such that

,

Aoy € <AB+AC;,AC;+%<19>).

Proof of Lemma [Z Based on Proposition

OW (Ag;ep,cc) (1 —6) 1 (AN e(1-6) 1 AN
94, = =g \a) v as)

1 At - ACC 1 At -
(—V)ABE (AB> - (—V)E (Ac> .
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Since by design A; > Ap it follows that

OW (Ay; cp, cc) (1 —0) 1 c.(1—19) 1 /AN
Z AR ) A SRS S S I ch SV APV Sl _
0A; z 1+ r (=7) Ap + r (=7) A
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Finally, if (A4 6) > 1, then %Af“c”) > 0. This completes the proof of the first statement.

Given that (A+6) > 1 (meaning that W (As; ¢, ¢.) is monotone in A; for A; > A¢) and based

on definition , W(AcrL; e, c.) = 0. Based on Proposition [1}, this leads to
Cb(l — 9) ACL - Cc(l — 9) ACL -
Acp — D7 (Z£eL ISR /A W (S -
oL T AB T ACL
Acp\ ce\ (Ac\ "
Ap ( Ap > B (A7> A ) =
(1 —06) Acr\ Ao\ ce
= — 2 |1-(== —= A— ). Al
ACL T 1 AB * AB AB + ( T ) ( )
The right-hand side in (A.1]) equals

20, (1, 2020) (42) 7 (o2

ald—0) <Cb(1_9)ﬂ_ Cb(l_e)) <ACL)_7+ (Acc)

. r Ap
Cb(l; 0 . cb(1rf 9) o) </ZL)—V+ (,\%) _ M n (A%)

The last inequality is based on § < 1. This proves that Acy, < M + ()\%“)
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Also, based on equation ((A.1))

_a(l-10) Acr\ " Act\ " Ce
Acr, = " 1 s Ap + Ap . +AB+<>\T)
o Cb(]. — 9) ACL 7 Ce Ce
= (rAB L= () ) as s () > s+ (07)
This completes the proof of the second statement. O

Proof of Theorem [1l The capital structure that maximizes the market value, G(Ao; s, c.), re-
ceived by the initial owners from the sale of a straight bond, equity and CCB is based on the

straight debt coupon cj that solves

max G(Aop; cp, ) = max [Ag + TB(Ap; ¢, cc) — BC(Ao; )] -
Cp =2

CbZO

Since Ag at t = 0 is constant, we get a new maximization problem:

max [T'B(Ap; ¢, ¢.) — BC(Ag; )] -

cp, >0

From Proposition |1f and

s | (- () )% (- (5) ) oo (i) )
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Finally,

Ao

e (Ao; ce) m

(f) {('y +1(& v s -0)

We can see that the optimal coupon on the straight debt does not depend on any characteristics
of CCB. One can repeat the above calculations for the case when the capital structure includes

only equity and straight debt to show formally that c;(Ao;c.) = ¢ (Ao;0). O

Proof of Proposition[Z We start with the last statement and work our way up to the first one

in a consecutive order.

One can closely follow the math in Appendix A to derive results similar to the ones in Propo-

sition |1| for the case when the firm uses only straight debt and equitym Item (iv) will follow.

As for item (4i7), based on Proposition [1| and

Ocs; Ao\ 7 Oce. Ao\ 7
TB(Ao;ct,ce) % (1— (A;) )—i— : <1— (Ag) )

= TB(Ap;c;,0) 4+ TBC(Ag; ¢, ce).

Ac < Ap (by design) and v > 0 (as shown above), so TBY(Ag;c;,c.) > 0. The tax savings
increase in ¢, and decline in Ac. Higher ¢, raises the deductibles which leads to higher savings.
But, higher levels of A¢ trigger sooner conversions and, therefore, reduce the amount of time

during which the firm can deduct c..

20These results have been derived in previous literature (Leland (1994)). One can also use Proposition [1] to try
to recognize what the corresponding values should be when CCB is not used.

o1



By re-grouping the terms in the formula for the value of equity from Proposition [I} we get

ey —oa o a=0) (AT (AT
W(A07Cbacc) - AO r 1 AB AB AB

CC(]. — 0) AO - Ce AO -
B (1 - <Ac> () as) |
bce [ (AN

r AC

= W(Ap;c;,0) — U%(Ag;ce) + TBC (Ag; ¢, ce)

as in item (ii).
Finally, based on equation ,
G(Ap;c,cc) = Ao+ TB(Ao;ci,c.) — BC(As, cp)
. 90[7 At - At -
A (1 (%) ) “adn () |+

“(-(2))

= G(AO; 027 0) + TBC(AO; CZ? Cc)'

This proves item (7).

Proof of Proposition [3 Based on budget equation and regulatory constraint

G(AOaAB; C_bv CC) - G(AOaA*Bv C;a 0) = W(A()v AB7 67 CC) + UC(AOa AB; C_bacc) +
UP (Ao, Ap; éy, ce) — W(Ao, Af; ¢, 0) —
UB(AOa *350270)

= W(A07AB§ Cb, Cc) - W(AO’ A*B7 6270)'

The change in the total value of the firm equals the change in the value of equity.
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Denote W (Ao, Ap; ¢, c.) — W(Ag, Ap;ci,0) by AW. Based on budget equation

AW Ao+ TB(Ao, Ap; éy, cc) — UP (A, Ap; Gy, ce) — U (Ao, Ap;ce) — BO(Ay, Ap; &) —

AO - TB(AOaAE76Z7O) + UB(AOaA*B;c?;vo) + BC(AOVA*B?cZ)

= TB(Ay, Ap;éy,c.) — TB(Ag, Al;ci,0) + BC(Ag, A;ci) — BO(Ay, Ap; &).
Next, based on closed-form solutions from Proposition [I]
Ocy Ay 7 Oc. Ag - Gcz Ap -
A = —(1—-|(—=— 1—(— — 1-—
W r ( (AB> * r Ac r Ay *
LA\ - Ao\ 7

Add and subtract terms and use Proposition [I] again

1_<2>—v>+<2)‘7(1_a)AB+$(1_<ﬁz>—v>+

I
>

{UB(A07AB;C777CC) + UC(AO7AB;CZ77CC) - UB(A())A*B;CZaO) -

() oo () 0+ () w-om
( .
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Based on and by re-grouping terms

o AO - — AO - Ce AO - *
AW = -0 (%) (1-a)Ap -6 <Ac> <A7) +0 <A’fg> (1—a)A% +

- —y
aAjg <2{?) —aAg <§;) .
B

Finally,

AW = —(8(1-a)+a) <2>_7AB+(6(1—a)+a) (AO)_WA};—

Ao - Ce
o (AC> (")
B A\ 7 . Ao\ T 4 Ao\ 7/ ce
which completes the proof of the first part of the proposition.

Denote G(Ag, Ag; ¢, c.) — G(Ag, A%g;ci,0) by AG. We know that AG = AW and, therefore,

AG = (0+a—9a)((j£)WAE—(i(;)VAB)—@(jg)7()\?).

This leads to

Based on (T2)
dce faUB(Ag—[;fEC_bd)
ey i(1—(1—)\)(2;é)7)
- ’1”<1_(A;)_7)*Wﬁyé%ﬁfﬂl—a)(wl) (#) % (A3)
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Given that Ap = (1 — )& and % = (1 — ) and by plugging lb into 1) we get

8~ —wra—tan+)(5E) sa-0)+
(At)_”xi(1‘(2*;)_7>‘“(22‘;)_7*(1—00(7“)(2*;)_75““’)
9 - —
Ae 1(1—(1 A>(£‘;)_7>
= (9+0¢90¢)(’y+1)(§;>_’yﬂ(19)+
ox[2(1-(4)7) -2 (2) T r -t (&) s -0)
(%)W—MLA
Sin (%>§7 +)\ <1
8%6; < —(B+a—0a)(y+1) (ﬁ;

From @

N <f)i[(v+1)(f+aﬂ(19))]i
() - (¢ [ vasa o]
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By using this in (A.4)

OAG < 9+9

oey |-_ . — ror
b Cb:Cb

This means that there exists ¢ such that, for any c. € (0,¢1), AG < 0. Given that G(Ag, A%;c;,0)
is fixed, for any c. € (0,¢1), G(Ao, Ap;éy, cc) > G(Ag, A%;c;,0). This proves the second part of
the proposition.

As for the bankruptcy costs, based on equation (4), A% = B(1 —0)c; and Ag = B(1 — 0)c.

Given the closed-form solutions from Proposition

A ~ * * - AO - . AO -
BC(A()aAB;Cb)*BC(AO,AB;CZ)) = QAB — 7aAB

A, A
= aaB1-0) (Cbﬂ(jxo_ 0)>7 _
acii1 -0 (220=0)

BL- o)yt

_ . (
= (@ = ()" a
b A’OY

Since ¢, < ¢}, the last term is strictly negative. Therefore, BC(Ag, Ap;é,) < BC(Ag, A%g;cp). O

Proof of Proposition [l Denote W (A, Ag; ¢, cc) —W (A, Ap;é, 0) by AW. When the capital
structure of the firm includes only equity and straight debt the closed-form solution for the value

of equity is

W(Ar Ap:6p.0) = Ay — G(1—0) (1— (? )_7> —Ag (‘flt )ﬂ. (A.5)
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Based on (A.5) and the closed-form solution for W (A;, Ap; &, c.) from Proposition

- S (1)) () )
) () -t (- () ) e ()
sl () (o ()
() (@) (@) ) @) @)

Multiply both sides of by (1 — 6) and use the result to reduce the first three terms after the

equal sign above to get

. e\ (AT G=0) (AN AN
AW = —0(X—=)[-— — 2| | == — | =
() (AC> L Az An *
p AN\ AN\
A - —Ap | — . A6
o(5) () =
Continue with showing that AW < 0. From 1'
. G(1—0) (AN - A\ 7
AW = =~ 1| — —Ap [ == _
r AB B AB
éb“‘”(?t)_”_(f‘t)_” 0 (x%) (A)
r Ap Ap r Ac

= —(H(dp) - H(Ap)) -0 (1) (j;) - (A7)

r

where H(X) = @120 (4™ _ x (4)™7 H(X) is such that

_ (‘;‘(f)_w)l( (ﬁba —9-(1 —I—'y)X) .
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— 2(1=0)c

Since Ap

1+
win = (1) £ (2a-0-ar L0
- () (a0

It it also clear from above that if 0 < X < A, then H'(X) > 0. H(X) is an increasing function of
X on (0, Ap). Since 0 < Ap < Ap, H(Ap) > H(Ap) and, based on (A.7), AW < 0. The value of

equity always decreases. This proves item .

Denote G(Ay, Ap;cy,ce) — G(At,AB;éb,O) by AG. When the capital structure of the firm

includes only equity and straight debt the closed-form solution for the total value of the firm is

2 -y -y
G(Ay, Ap;6,0) = At+cfﬂ9<1(‘flt> )mB(ff‘t) . (A.8)

Ap Ap

Given (A.8) and the closed-form solution for G(A;, Ap; &, c.) from Proposition
A 0cy A\ fc. A\ i A\
A AN S i R —adp (L) -
¢ t+7’< (AB> >+r ( (Ac> A
- -
( 4 ) T ads ( A )
Ap Ap
0y AN\ b AT o (AN
= (£ I Cads [ 2t _
r ( <AB) ) + T < (Ac> asiB AB
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-
Multiply both sides of 950 (1 — (%) ) above to get

s - () )1 (- (1)) ()6

() o) ()
S () () ) e (e () m (1))
T Ap Ap Ap Ap
0 (j;) B ()\%) .
This proves the first part of item of the proposition.

We continue with showing that AG > AW. Based on l) and the above result

sa-aw = 2((5) () ) 1—a<A (&) - (4
- Ab(ﬁ,;)“u—a in (4

where F(X) = ¢ (%)_7 -(1-a)X (%)_7. F(X) is such that

_ (f{f) B > (f: —(1-a) +7)X> .
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Note, that Ap = Vﬁ(lf _fﬁ){f” and, therefore,

F'(Ap) = (ﬁ;)v ! <vd’(1a)(1+7)w’)

() a2 e

- (jB) - (=) -0).

By assumption, o € [0,1] and 0 € (0,1), so (1 — (1 —a)(1—6)) > 0. It follows that F'(Ag) > 0 for
all 0 < X < Ap, and, since 0 < Ag < Ag, F(Ap) > F(Ap). Finally, based on (A.9), AG > AW.

We continue with proving the last statement of item .

0AG (L (AT L a0 (AT 0
861, N i AB AB r U AB 8717
- R B . - i
a1~ (= (@) 7) —-an () e
(i) N
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where % = (1 — ). Based on the above

NG B _( A\
Cp=Cp AB

oa

; (19 +oa(l+7)p(1 - 9)) +

For (%’C‘)W—(l—)\)zlor)\EQ—(AA—é)

iﬁb@ = (2‘;) B (V:) +all+ 7B — o)) +§ <1 - (j;>_7>
- - (2‘;) - (1+7) <f +aB(l - 6)) + g. (A.10)

Next, assume that & > c¢j. Then, based on @

_1
5

o (9) G0 +as-0)]

1

G

_1
¥

”3(1;:))@ > (f) {(7+1)(f+a5(19))]
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Based on

v

N———
2=

Ap

Ay
0
r

(%)
= >
Ap

IN

[+ +asa - o))

1

_(At>7 _g {(7+1)(f+a5(1—9)>]1~

Ap
By using (A1T) in (A10), we get

NG
aacy

cp=Cp

(A.11)

This means that there exists ¢; such that, for any ¢. € (0,¢1), AG < 0. Given that G(Ao, A% c5,0)

is fixed, for any c. € (0,¢1), G(Ao, Ap; é, cc) > G(Ao, Af;ci,0).

Finally, we prove item of the proposition. Since & > ¢, based on , the optimal

default-triggering boundary drops from Ag = 8(1 — 0)é, to A = B(1 — 0)¢,. Given this and the

closed-form solution for the cost of bankruptcy from Proposition

-
BC(At7AB;€b)_BC(At,AB;éb) = aAB (A) _OZAB

= aaB(1-0) (cbm—e)y — aéB(1 - ) (

Ay

S (G B0

At
B

Since ¢, < ¢, the last term above is strictly negative. Therefore, BC(A;, Ag; &) < BC(A;, AB; ép)-
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Proof of Proposition[5 We can use to re-write as

S(Agicp,ce) = (%’ — (1 9)5) <c,,(1A_t9),8)7 = <i —(1- 9)5) (Cl’(lA_tg)ﬁy :

Given that ﬂ = ﬁ,
dS(At, Cp, 0) o 1+ Yy At - I 1 At -
) < Soena-08) (45) = 00 () o

Since BC'(Ay; é,0) = 0 and based on equation @7 the total value of the firm in the presence

of government subsidy when it does not issue CCB is
G(At;cbao) = At +TB(At;Cb70) +S(At;cb70)'
Based on the closed-form solution for TB(A¢; ¢y, 0) and equation

. B Oc, AN e AN\

Given budget equation @7 it is easy to see that G(As; ¢, 0) from above is higher than the total

value of the firm before the guarantee was issued by

Cp Ay - t -
S(At;cb,0)+BC(At;cb):(77143) To) tods(g) >0

Proof of Proposition [6] The only statement that remains to be proved is that G(A;cf,0) —
G(As; é,¢0) > 0.

Denote G(Ay¢;cf,0) — G(Ays; é,cc) by AG. When the capital structure of the firm includes
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only equity and straight debt the closed-form solution for the value of tax benefits is

g -
TB(Ascl,0) = 2% 1—<A_j> . (A.12)
AB

r

Given , (A.12), the closed-form solution for the value of tax benefits from Proposition |1} and

equation for the value of government subsidy

o - () ) () (- (8))-
(E-a)(h) - G-m(E)

By multiplying both side of equation by 6 and using the closed-form solutions for the values

of straight and CCB, we get

() () o = () ) () 0ot

By rearranging terms

() )2 ) () - oo

0 (A%) (j;) s (2,;) 1= a)a%e. (A.14)
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Now we can use (A.14) in (A.13)) to get
= At - T Ce At - At - g
AG = <AB) (1—a)Aph+0 ()\7) (Ac) ~( ) -eages
g - - -
G o) (ALY (% a,) (A

() () -(-w)(5)

Ce At - Cg At - Cp At - - At -

Ce) [ 2t b B _ P _
9<>\r)(AC> +<T 0 s +(( -+ 1) A5 4

(1-a)g+1)A% (j?;) - .

Given and 3 = ﬁ7

) )R-
)
<1 C(l-a)f+1)(1— 9)(117» <Cf (jé) o & (j;) ﬂ) . (A.15)

—
In (A.15)) the first term on the right-hand side is positive, § (A% ) (%) > 0. Also, for ¢ > &,

— B —y
(i’ (:7) —a (2‘73) ) > 0. Finally,
B

g g 2 g
1-(1=-a)f+1)(1-10 >1—-(0+1)(1—-4 =1-(1-6°)—— >0.
(1= )+ ) (=) s > 1= 0+ ) (1= ) s =1 = (1= 1)
All the terms on the right-hand side of equation (A.15) are positive. Therefore, AG > 0. O

Proof of Proposition[7. Consider a TBTF firm with a capital structure that includes equity
and straight debt paying coupon c¢;. We try to analyze the effect of replacing a portion of straight

debt with CCB on the values of government subsidy and equity.
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In the presence of government subsidy at any time ¢ the following budget equation holds
A; +TB(Ay; é,0) + S(A;;6,,0) = W(Agé,0) 4+ UB(A4;6,0). (A.16)

There are no bankruptcy costs, BO(Ay; ¢, 0) = 0, and debt is risk-free, UP (A;; é,0) = 67”

The firm is to replace a portion of its current straight debt with CCB paying c¢.. The remaining
straight debt will be paying coupon ¢, such that ¢, < ¢é. The government guarantee remains in
place, so straight debt will still be risk-free, UP(A4; ¢, c.) = % As before, straight debt holders
should be indifferent between exchanging their holdings for CCB and continuing to hold straight
debt

UB(A4;6,,0) = U%(Ag; @, c0) + UB (A4 G, ce). (A.17)

Equation (A.17) is equivalent to equation in Section The key difference, though, is that
after a TBTF firm announces its decision to replace straight debt with CCB the value of existing
straight debt does not change. Debt is risk-free and, therefore, contrary to what we had before,

the announcement does not affect its default boundary.

After the firm replaces a portion of its straight debt with CCB for any time ¢ the following

budget equation will hold
At +TB(At;C_baCC) +S(At;c_baCC) = W(At;c_bvcc) +UB(At;C_b7CC) +UC(Atac_b7cc)‘(A18)

Given (A.16)), (A.17) and (A.18)),

W (A4 6,0) — W (A é,c.) = TB(A4;6,0) — TB(Ag; 6y ce) +

S(Ataéfho) - S(At;c_fhcc)' (Alg)

Since ¢ > &, based on Proposition (part , S(A¢;6,0) — S(At; é, cc) > 0. We proved the first
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part of the proposition.

Denote W (Ay; é,0) — W(Ays; &, c.) by AW. When the capital structure of the firm includes

only equity and straight debt the closed-form solution for the value of tax benefits is

TB(A4;6,,0) = % (1 - (ﬁt >_7> . (A.20)
B

Given (A.19)), (A.20]), the closed-form solution for the value of tax benefits from Proposition [1} and

equation for the value of government subsidy
5 - - - -y
N 1(14t> _ e 1(51‘5> _ bee 1<At> +
r Ap T Ap T Ac
S ) (A) (2o () (A21)
r B Ap r B Ap ' '

By multiplying both side of equation (A.17)) by 6 and using the closed-form solutions for the values

of straight and CCB, we get

() () oo = 2 (o () ) () -

By rearranging terms

(1)) (o (8)) 20 () ) () 0o
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Now we can use (A.22) in (A.21)) to get
~ - - - - .
AW = (?) (1—a)Apd+0 (A%) (f) - (;t ) (1—a)Apb +
B C B

& g A\ C 7 A\

@ _ i - (%A (&
(F-2)(5,) (-2 (5)

e\ (AN (6 (AN @ AN (AN

9()\7) (AC) + (T’ (AB> —7 E +((1-O¢)9+1)AB E -

(1—a)f+1)Ap <§t )7.

B

Given and B = ﬁ,

o) () (@) @) )
o ()72 (2))

9 (A%) (j;) Ty

(e vioagis) (4(2) -2 (2)) wo

.
In (A.23) the first term on the right-hand side is positive, 0 ()\%) (i) > 0. Also, for ¢, > &,

Ac
i - - :
(C: (%;) - (%) ) > 0. Finally,

.
(1+7)

S1-(O+1)(1-0)——=1-(1-6)—— >0.

1—((1-a)§+1)(1-6) = T3

All the terms on the right-hand side of equation (A.23) are positive. Therefore, AW > 0. This

proves the second part of the proposition. O
Proof of Proposition [8 By differentiating both sides of relative to o, we get

OW (Ao; ¢, ¢cc) OW (Ag;ct,0) 0 [U%(Ag;ce) — TBY(Ao; ey, ce)]
= — (A.24)
do do do
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Based on Proposition [1| and

Cla e - TBC A et ey — (1o (Ao ), (Ao (%)
U (Ag;cc) —TBY(Ag; ¢ cc) = r (1 (AC> >+<AC> ()\T>

- %(1 —0) (1 - (1’:)_7> + (jg)_v (Acf)

Ce Ce Ao\ 7
= “a-9+Z DY il
r( 9)+T(A+9 )(Ac>
Therefore,
ce(1 — ce (AT
0 [UC(AQ;CC) — TBC(AO;CZ‘,CC)] B 9 [T -0+ 5 +0-1) (AC) }
do B do
a7
Ca+o-1 ’ [(Ag> }
B ?( +0-1) do
)
= Z\+6-1
r A+ ) do
_ G yiog (£2) (_ Ao \\ Oy
= T(/\Jr@ 1)e c log Ao 5
_ G —v1og (£8) 1og (A0 )Y
= r(/\+9 1) c/ log (AC 50
By plugging this into (A.24)), we get
oW (Ag;cp,c.) OW(Ag;c,0) | ce —~log (;:‘70) Ao\ Oy

It is easy to show that for o > 0: % < If (A4 0) > 1, then the last term in is

OW (Ag;cy ,cc) < OW (Ap;cy ,0)
do do

strictly positive and . If (M4 6) > 1, then it is strictly negative and

OW (Ap;cp ,cc) > OW (Ag;cy ,0)
do Jo

. The interpretation is that, if (A4 6) > 1, then the equity value holders

21Show that or o > 0: % <0
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of the firm that issued CCB, straight debt and equity compared to the equity holders of the firm
that issued only straight debt and equity will gain less from switching to riskier technologies. On
the other hand, if (A+6) > 1, the presence of CCB makes the shareholders gain more from taking

extra risk. O
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