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Abstract

Contingent capital in the form of debt that converts to equity as a bank approaches
financial distress offers a potential solution to the problem of banks that are too big to fail.
This paper studies the design of contingent convertible bonds and their incentive effects
in a structural model with endogenous default, debt rollover, and tail risk in the form of
downward jumps in asset value. We show that once a firm issues contingent convertibles, the
shareholders’ optimal bankruptcy boundary can be at one of two levels: a lower level with a
lower default risk or a higher level at which default precedes conversion. An increase in the
firm’s total debt load can move the firm from the first regime to the second, a phenomenon
we call debt-induced collapse because it is accompanied by a sharp drop in equity value. We
show that setting the contractual trigger for conversion sufficiently high avoids this hazard.
With this condition in place, we investigate the effect of contingent capital and debt maturity
on capital structure, debt overhang, and asset substitution. We also calibrate the model
to past data on the largest U.S. bank holding companies to see what impact contingent
convertible debt might have had under the conditions of the financial crisis.
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1 Introduction

The problem of banks that are too big to fail plays out as an unwillingness on the part of
governments to impose losses on bank creditors for fear of the disruptive consequences to the
financial system and the broader economy. Higher capital requirements and restrictions on
business practices may reduce the likelihood of a bank becoming insolvent, but they do not
commit the regulators, managers or investors to a different course of action conditional on a
bank approaching insolvency.

Contingent capital addresses this problem through a contractual commitment to have bond

holders share some of a bank’s downside risk without triggering failure. Contingent convertibles
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(CoCos) and bail-in debt are the two main examples of contingent capital. Both are debt that
converts to equity under adverse conditions. CoCos provide “going concern” contingent capital,
meaning that they are designed to convert well before a bank would otherwise default. Bail-
in debt is “gone-concern” contingent capital and converts when the bank is no longer viable,
wiping out the original shareholders and transferring ownership to the bailed-in creditors.

These instruments are increasingly important elements of reforms to enhance financial sta-
bility. Prominent examples are major issuances by Lloyds Banking Group, Credit Suisse, and
BBVA. Rabobank, UBS, and Barclays have issued alternative structures in which debt is au-
tomatically written down rather than converted. The Swiss banking regulator has increased
capital requirements for Swiss banks to 19% of risk-weighted assets, of which 9% can take the
form of CoCos. The European Commission’s proposed resolution framework relies on bail-in
debt as one of its primary tools. In the U.S., bail-in is central to the implementation of the
FDIC’s authority to resolve large complex financial institutions granted by the Dodd-Frank act.

The logic of contingent capital is compelling. Raising new equity from private investors
is particularly difficult for a bank nearing financial distress, which strengthens arguments for
government support once a crisis hits; contingent capital solves this problem by committing
creditors to provide equity through conversion of their claims. Nevertheless, the relative com-
plexity of these instruments has raised some questions about whether they can be designed to
function as expected and whether they might have unintended consequences.

The goal of this paper is to analyze the design of contingent capital and to investigate the
incentives these instruments create for shareholders. This work makes several contributions.
First, our analysis reveals a new phenomenon we call debt-induced collapse. With CoCos on
its balance sheet, a firm operates in one of two regimes: one in which the CoCos function as
intended or another in which the equity holders optimally declare bankruptcy before conversion,
effectively reducing the CoCos to straight debt. A transition from the first regime to the second
is precipitated by an increase in the firm’s debt load, and its consequences include a sharp
increase in the firm’s default probability and a drop in the value of its equity. This is the sense
in which debt induces a collapse. We show that this hazard is avoided by setting the trigger
for conversion at a sufficiently high level.

Once debt-induced collapse is precluded, we can investigate the incentive effects of CoCos —
effects that would be lost in the alternative regime in which CoCos degenerate to straight debt.
We investigate how the value of equity responds to various changes in capital structure and
find, perhaps surprisingly, that equity holders often have a positive incentive to issue CoCos.

We also find that CoCos can be effective in mitigating the problem of debt overhang — the



reluctance of equity holders to inject additional capital into an ailing firm when most of the
resulting increase in firm value is captured by debt holders. CoCos can create a strong positive
incentive for shareholders to invest additional equity to stave off conversion. We also examine
how CoCos affect the sensitivity of equity value to the riskiness of the firm’s assets. This
sensitivity is always positive in simple models, creating an incentive for asset substitution by
shareholders once they have issued debt. We will see that this is not necessarily the case in a
richer setting in which new debt is issued as old debt matures.

We develop our analysis in a structural model of the type introduced in Leland [26] and
Leland and Toft [27], as extended by Chen and Kou [9] to include jumps. The key state
variable is the value of the firm’s underlying assets, and equity and debt values are derived as
functions of this state variable. CoCo conversion is triggered by a function of this state variable,
such as a capital ratio. The model has three particularly important features. First, default is
endogeneous and results from the optimal behavior of equity holders. This feature is essential
to the analysis of incentive effects and to the emergence of the two default regimes described
above. Second, the firm’s debt has finite maturity and must be rolled over as it matures. This,
too, is crucial in capturing incentive effects. In a classical single-period model of the type in
Merton [30], all the benefits of reducing default risk accrue to bond holders — equity holders
always prefer riskier assets and are always deterred from further investment by the problem
of debt overhang. But in a model with debt rollover, reducing default risk allows the firm
to issue debt at a higher market price, and part of this increase in firm value is captured by
equity holders, changing their incentives. This feature also allows us to investigate how debt
maturity interacts with the efficacy of CoCos. Finally, jumps are also essential to understanding
incentive effects. Downward jumps generate a higher asset yield (in the form of an increase
in the risk-neutral drift) but expose the firm to tail risk. CoCos can increase equity holders’
incentive to take on tail risk because equity holders would prefer a dilutive conversion at a low
asset value over one at a high asset value. For the same reason, CoCos are more effective in
mitigating debt overhang when asset value is subject to downward jumps.

After demonstrating these implications through a mix of theoretical and numerical results,
we calibrate the model to data on the largest U.S. bank holding companies for the period 2004—
2011. Some of the comparative statics in our numerical examples depend on parameter values,
so the purpose of the calibration is to investigate the model’s implications at parameter values
representative of the large financial institutions that would be the main candidates for CoCo
issuance. We calculate the model-implied increase in loss absorption that would have resulted

from replacing 10% of each firm’s debt with CoCos, estimate which firm’s would have triggered



conversion and when, and compare the impact on debt overhang costs at three dates during the
financial crisis. Overall, this counterfactual exploration suggests that CoCos would have had a
beneficial effect, had they been issued in advance of the crisis.

Albul, Jaffee, and Tchistyi [1] also develop a structural model for the analysis of contingent
capital; their model has neither jumps nor debt rollover (they consider only infinite maturity
debt), and their analysis and conclusions are quite different from ours. Pennacchi’s [35] model
includes jumps and instantaneous maturity debt; he studies the model through simulation,
taking default as exogenous, and thus does not investigate the structure of shareholders’ optimal
default. Hilscher and Raviv [21], Himmelberg and Tsyplakov [22], and Koziol and Lawrenz [25]
investigate other aspects of contingent capital in rather different models. Glasserman and
Nouri [16] jointly model capital ratios based on accounting and asset values; they value debt
that converts progressively, rather than all at once, as a capital ratio deteriorates. None of
the previous literature combines the key features of our analysis — endogenous default, debt
rollover, jumps, and analytical tractability — nor does previous work identify the phenomenon
of debt-induced collapse.

Much of the current interest in contingent capital stems from Flannery [14]. Flannery [14]
proposed reverse convertible debentures (called contingent capital certificates in Flannery [15])
that would convert from debt to equity based on a bank’s stock price rather than an accounting
measure. Sundaresan and Wang [38] raise conceptual concerns about market-based triggers.
Several authors have proposed various alternative security designs; these include Bolton and
Samama [5], Calomiris and Herring [6], Duffie [13], Madan and Schoutens [28], McDonald [29],
Pennacchi, Vermaelen, and Wolf [36], and Squam Lake Working Group [37]; see Pazarbasioglu
et al. [34] for an overview.

The rest of this paper is organized as follows. Section 2 details the structural model and
derives values for the firm’s liabilities. Section 3 characterizes the endogenous default barrier
and includes our main theoretical results describing debt-induced collapse. Sections 4—6 inves-
tigate the impact of debt rollover and incentive effects on debt overhang and asset substitution.

Section 7 presents the calibration to bank data. Technical details are deferred to an appendix.

2 The Model
2.1 Firm Asset Value

Much as in Leland [26], Leland and Toft [27], and Goldstein, Ju, and Leland [17], consider a

firm generating cash through its investments and operations continuously at rate {d;,¢ > 0}.



This income flow is exposed to both diffusive and jump risk, with dynamics given by

D _ it + 5d, + d %(?—1) (2.1)
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Here, i and ¢ are constants, {Wt, t > 0} is a standard Brownian motion, and we write d;_ to
indicate the value of § just prior to a possible jump at time t. Jumps are driven by a Poisson
process {Nt,t > 0} with intensity X. The jump sizes {f@,z =1,2,...}, N, and W are all
independent of each other. Since we are mainly concerned with the impact of downside shocks
to the firm’s business, we assume that the Y; are all less than 1. The common distribution of
the Y; is set by positing Z := —log(Y), for tractability, to have an exponential distribution,
[5(2) = nexp(—7z), z > 0, for some 77 > 0. We assume a constant risk-free interest rate 7.

In a rational expectations framework with a representative agent having HARA utility,
the equilibrium price of any claim on the future income of the firm can be shown to be the
expectation of the discounted payoff of the claim under a “risk-neutral” probability measure
Q; see Naik and Lee [33] and Kou [23] for justification of this assertion in the jump-diffusion

setting. The value of the firm’s assets is the present value of the future cash flows they generate,

V, = E® {/ er(“t)éudu‘ét] ,
¢

for all ¢ > 0. Following Naik and Lee [33] and Kou [23], we can easily establish that ¢ := V;/d;

is a constant and V; evolves as a jump-diffusion process
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Under Q, {W;} in (2.2) is a standard Brownian motion and {NNV;} is a Poisson processes with
intensity A. The distribution of the jump size Y; has the same form as before, but now with
parameter 7. Kou [23] gives explicit expressions for the parameters in (2.2) in terms of the
parameters in (2.1). We will value pieces of the firm’s capital structure as contingent claims on

the asset value process V', taking expectations under @ and using the dynamics in (2.2).

2.2 The Capital Structure and Endogenous Default

The firm finances its assets through straight debt, contingent convertible debt (CoCos), and

equity. We detail these in order of seniority.



2.2.1 Straight Debt

We use the approach of Leland and Toft [27] to model the firm’s senior debt. The firm con-
tinuously issues straight debt with par value pidt in (t,t + dt). The maturity of newly issued
debt is exponentially distributed with mean 1/m; that is, a portion m exp(—ms)ds of the total
amount pidt matures during the time interval (¢ + s,t + s + ds), for each s > 0. The debt
pays a continuous coupon at rate c¢; per unit of par value. In the case of bank deposits with
no stated term, the maturity profile reflects the distribution of time until depositors withdraw
their funds.

The exponential maturity profile and the constant issuance rate keep the total par value of

debt outstanding constant at
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Thus, the firm continuously settles and reissues debt at a fixed rate.! This debt rollover will
be important to our analysis through its effect on incentives for equity holders.

Tax deductibility of coupon payments lowers the cost of debt service to the firm. Bank
deposits have special features that can generate additional funding benefits.? Deposit insurance
creates a funding benefit if the premium charged includes an implicit government subsidy.
Customers value the safety and ready availability of bank deposits and are willing to pay (or
accept a lower interest rate) for this convenience. DeAngelo and Stulz [10] and Sundaresan and
Wang [39] model this effect as a liquidity spread that lowers the net cost of deposits to the
bank. In Allen, Carletti, and Marquez [2], the funding benefit of deposits results from market
segmentation. We model these funding benefits by introducing a factor 1, 0 < k1 < 1, such
that the net cost of coupon payments is (1 — k1)c1 P1. In the special case of tax benefits, x1

would be the firm’s marginal tax rate.

2.2.2 Contingent Convertibles

We use the same basic framework to model the issuance and maturity of CoCos as we use for
straight debt. In both cases, we would retain tractability if we replaced the assumption of an
exponential maturity profile with consols, but we would then lose the effect of debt rollover. We

denote by P» the par value of CoCos outstanding, which remains constant prior to conversion or

'Diamond and He [12, p.750] find this mechanism well suited to modeling banks. One alternative would be
to have a bank shrink its balance sheet after a negative shock to assets. As stressed by Hanson, Kashyap, and
Stein [18], this would run counter to the macroprudential objective of maintaining the supply of credit in an
economic downturn, which, as they further note, is one of the objectives of contingent capital.

2See Appendix A for a discussion of the application of Leland [26] and its extensions to banks.



default and pays a continuous coupon at rate co. The mean maturity is assumed to be the same
as for the straight debt, 1/m, and new debt is issued at rate po = mP,. It is straightforward to
generalize the model to different maturities for CoCos and straight debt, and we use different
maturity levels in our numerical examples later in the paper. As in the case of straight debt,
we introduce a factor ko that captures any funding benefit of CoCos. The tax treatment of
CoCo coupons varies internationally.

Conversion of CoCos from debt to equity is triggered when a function of the state variable
V; reaches a threshold. As long as the function is invertible, we can model this as conversion the

first time V4 itself falls below an exogenously specified threshold V.. Thus, conversion occurs at

T.=1inf{t > 0:V, < V_}. (2.3)

In particular, we can implement a capital ratio trigger by having CoCos convert the first time
(Vi — P = PR)/V, < p,

with p € (0,1) equal to, say, 5%. The numerator on the left is an accounting measure of equity,

and dividing by asset value yields a capital ratio.> To put this in the form of (2.3), we set
Ve=(P1+ P)/(1—p). (2.4)

Another choice that fits within our framework would be to base conversion on the level of
earnings dV;, as in Koziol and Lawrenz [25]. For the derivations in this section we will keep the
value of V. general, except to assume that Vp > V. so that conversion does not occur at time
zZero.

At the instant of conversion, the CoCo liability is erased and CoCo investors receive A shares
of the firm’s equity for every dollar of principal, for a total of AP, shares. We normalize the
number of shares to 1 prior to conversion. Thus, following conversion, the CoCo investors own
a fraction APy/(1 + AP;) of the firm. In the bail-in case, A = 0o, so the original shareholders

are wiped out and the converted investors take control of the firm.4

2.2.3 Endogenous Default

The firm has two types of cash inflows and two types of cash outflows. The inflows are the

income stream d;dt = 0V;dt and the proceeds from new bond issuance b;dt, where b; is the total

3This approximates a tangible common equity ratio. If CoCos are treated as Tier 1 capital, we could define
a trigger based on a Tier 1 capital ratio through the condition (Vi — P1)/V; < p and thus V. = P1 /(1 — p).

“We do not distinguish between contractual and statutory conversion. Under the former, conversion is an
explicit contractual feature of the debt. The statutory case refers to conversion imposed on otherwise standard
debt at the discretion of a regulator granted explicit legal authority to force such a conversion.



market value of bonds issued at time t. The cash outflows are the net coupon payments and
the principal due (p; + p2)dt on maturing debt.® The net coupon payments, factoring in tax
deductibility and any other funding benefits, are given by A; = (1 — k1)1 P1 + (1 — k2)co Ps.
Let p denote the total rate of issuance (and retirement) of par value of debt, just as b
denotes the total rate of issuance measured at market value. We have p = p; + po prior to

conversion of any CoCos and p = p; after conversion. Whenever
by + 6V > A+, (2.5)

the firm has a net inflow of cash, which is distributed to equity holders as a dividend flow.
When the inequality is reversed, the firm faces a cash shortfall. The equity holders then face a
choice between making further investments in the firm — in which case they invest just enough
to make up the shortfall — or abandoning the firm and declaring bankruptcy. Bankruptcy then
occurs at the first time the asset level is at or below V;*, with V;* chosen optimally by the equity
holders. In fact, it would be more accurate to say that V" is determined simultaneously with
bs, because the market value of debt depends on the timing of default, just as the firm’s ability
to raise cash through new debt influences the timing of default.

The equity holders choose a bankruptcy policy to maximize the value of equity. To be
feasible, a policy must be consistent with limited liability, meaning that it ensures that equity
value remains positive prior to default. This formulation is standard and follows Leland [26]
and Leland and Toft [27] and, in the jump-diffusion case, Chen and Kou [9].

However, the presence of CoCos creates a distinctive new feature, driven by whether default
occurs before or after conversion. Depending on the parameters of the model, the equity
holders may find either choice to be optimal. If they choose to default before conversion, then
the CoCos effectively degenerate to junior straight debt. Importantly, we will see that positive
incentive effects from CoCo issuance are lost in this case. Indeed, the behavior of the model
and, in particular, the value of equity, are discontinuous as we move from a regime in which
conversion precedes default to a regime in which the order is reversed. We will see that this
change can result from an increase in debt — either straight debt or CoCos — so we refer to
this phenomenon as debt-induced collapse.

Upon default, we assume that a fraction (1 — «a), 0 < a < 1, of the firm’s asset value
is lost to bankruptcy and liquidation costs. Letting 7, denote the time at which bankruptcy
is declared and V;, the value of the firm’s assets at that moment leaves the firm with oV,

after bankruptcy costs. These remaining assets are used first to repay creditors. If default

®Our discussion of cash flows is informal and used to provide additional insight into the model. For a rigorous
formulation of the Leland-Toft model through cash flows, see Décamps and Villeneuve [11].



occurs after conversion, only the straight debt remains at bankruptcy. If default occurs before
conversion, the CoCos degenerate to junior debt and are repaid from any assets that remain

after the senior debt is repaid.

2.3 Liability Valuation

Our model yields closed-form expressions for the values of the firm’s liabilities. We proceed
by taking the level of the default boundary V; as given and valuing each layer of the capital
structure. We then derive the optimal level V}*, leading to the concept of debt-induced collapse.

We begin by limiting attention to the case Vj, < V., which ensures that the firm does not
default before conversion.® With Vj, fixed, the default time 7, is the first time the asset value
V; is at or below V;. To value a unit of straight debt at time ¢ that matures at time t + 7T, we
discount the coupon stream earned over the interval [¢, (¢ +T') A 7] and the (partial) principal

received at (t +T') A 7, to get a market value of

bV T; V) = EQ [e_rTl{Tb>T+t}H/}] (principal payment if no default)
V
+E® [e”bl (ry<T+t} * % V}] (payment at default)
- 1

Tb/\(T+t)
+EQ / cle_T(“_t)du)Vt
0

To simplify notation, we will henceforth take t = 0 and omit the conditional expectation given

(coupon payments) (2.6)

V4, though it should be understood that the value of each liability is a function of the current
value V of the firm’s assets.

Recall that the debt maturity T is exponentially distributed with density m exp(—mT), and
the total par value is P;. The total market value of straight debt outstanding is then

B(V;V,) = Pl/ b(Vi; T; Vi)me L dT
0

_ p (j; + j}) B [1 - e tmn] L B [trtinay, ] ()

The market value of a CoCo combines the value of its coupons, its principal, and its potential
conversion to equity. To distinguish the equity value the CoCo investors receive after conversion
from equity value before conversion or without the possibility of conversion, we adopt the

following notation:

%In a model with jumps, the default time 7, and conversion time 7. may coincide, even if Vi, < V.. We adopt
the convention that events occur in the order implied by the barrier levels, so in this case the CoCos would be
treated as having converted when the firm’s assets are liquidated in bankruptcy. For the case V, = V., context
determines the assumed order of events as follows: when we discuss V, < V., we mean that conversion precedes
bankruptcy, and when we discuss V3, > V. we mean the opposite.



e EBC denotes equity value before conversion for the original firm, one with P; in straight
debt and P, in CoCos;

e EPC denotes post-conversion equity value and thus refers to a firm with P; in straight
debt and no CoCos;

e ENC denotes no-conversion equity value, which refers to a firm with P; in straight debt

and P» in non-convertible junior debt.

Each of these is a function of the current asset value V' and a default barrier V;,. We will use
the same superscripts to differentiate total firm value and other quantities as needed.

With this convention, a CoCo with maturity 7" and unit face value has market value

TNTe
d(V;T:Vy) = E® [ 1 om] +E® U 626_”618]
0

A

+WEQ [eiTTCEPC(Vn;%)l{TKT}} . (conversion value)
p

In writing EP¢(V;,; V4), we are taking the value of post-conversion equity when the underlying
asset value is at V. and the default barrier remains at Vj. At conversion, the CoCo investors
collectively receive AP, shares of equity, giving them a fraction AP,/(1 + APy) of the firm;
dividing this by P, yields the amount that goes to a CoCo with a face value of 1. The total

market value of CoCos outstanding is then

D(V; W) :P2/ d(V;T; V) me ™dT
0

- P <C:ni7:b> (1 _EQ [e_(H_m)TC]) + 1fZQPQ]E‘Q [e‘“*m)“EPC(VTc; Vi)| . (2.8)

To complete the calculation in (2.8), it remains to determine the post-conversion equity
value EPC(V,,;V;). We derive this value by calculating total firm value and subtracting the

value of debt. After conversion, the firm has only one class of debt, so
E™C(Vei Vi) = F*C(Ves Vi) = B(Vei Vp), (2.9)
where FPC(V._:V}) is the total firm value after conversion:

b
FP(Voi Vi) = V., +EC [ / mclple”dsmc] ~EQ [T (1 a)V V|

unleveraged firm value

funding benefits bankruptcy costs
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—. V. + FB, — BCOST.
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The conversion of the CoCos does not affect the value of the senior debt, so the valuation
expression in (2.7) applies to B(V,; V) in (2.9).

To find the value of equity before conversion, we again derive the total firm value and
subtract the debt value. We continue to limit attention to the case V, < V.. Any funding
benefit from CoCos terminates at the conversion time 7.. So, the firm value before conversion

is

P P
FREWViV) = Ve S (SBR[ 2R (1B 7]
T
funding benefits };om straight debt funding benefits from CoCos
~EQ [e7(1 - )V, ] (2.10)

=: V+ FBy+ FBy— BCOST.
The market value of the firm’s equity is given by
EES(V; ) = FEC(V; V) — B(V3 Vi) — D(V; Vi), (2.11)

A similar calculation leads to closed-form liability evaluation if conversion does not occur
prior to bankruptcy, i.e., V3 > V.. In this case, CoCos degenerate to junior debt in bankruptcy.
Upon default, CoCo holders are repaid from whatever assets remain after liquidation and pay-
ment of senior debt.” Before default, the total market value of straight debt is

m+ c1
m-+r

B(V;V) = Py < ) E® [1 - e*<m+’">fb] +EQ [e*mm%(avﬁ A Pl)] (2.12)

leaving a CoCo value of

D(V:Vi) = P, <m+02
m

) E® [1 - e*<m+r>fb} +EQ [e*m”)%(avﬂ, - Pl)ﬂ . (2.13)

—+7r

Total firm value in this case is given by

k11 Py Koca P
+
T T

FBC(V; Vb) -V 4+ < ) (1 _E® [e—rTb]) _E® [e—TTb(l _ CY)VT;)] .

The only difference between this expression and (2.10) lies in the funding benefit provided by
the CoCo coupon payments, which now terminates at default rather than conversion. Equity

value in the case V3, > V. now follows from (2.11) using these expressions.

"One might alternatively suppose that the bankruptcy court or resolution authority would treat the CoCo
investors as shareholders, in which case the last term in (2.13) would be dropped. Our analysis goes through under
either formulation. Because CoCos are ordinarily considered debt instruments, we adopt the partial recovery
assumption in (2.13) to be concrete.

11



All pieces (2.7)—(2.13) of the capital structure of the firm can be explicitly evaluated through
expressions for the joint transforms of hitting times 7, or 7. and asset value V' given explicitly
by Kou [23] and Kou and Wang [24]. The appendix contains additional details.

In (2.7) and (2.13) we have implicitly made a standard assumption that the asset value
recovered in bankruptcy does not exceed the total amount due to bond holders. Indeed, Chen
and Kou [9] show that this property holds at the endogenous default time chosen by sharehold-
ers. With the addition of CoCos, we make the further assumption that the conversion ratio

satisfies
1/AZO¢‘/C—P1—P2. (214)

The expression on the left is the price per share applied to the CoCos at conversion; the expres-
sion on the right is the price per share the original equity holders could get by liquidating the
firm and paying off all debt at V' = V.. If (2.14) were violated, the original equity holders might
be motivated to liquidate the firm even when it has strictly positive equity value. Ordinarily,
we expect the right side of (2.14) to be negative and the condition therefore satisfied by any
A > 0.

2.4 The Bail-In Case

In the bail-in case, conversion of debt to equity occurs when the firm would not otherwise be
viable, rather than at an exogenously specified trigger. We model this by taking V., = V;, with
the understanding that conversion occurs just before what would otherwise be bankruptcy. We
set A = 00 so the original shareholders are wiped out, and the firm is taken over by the bail-in
investors. As bankruptcy is avoided, we assume that no bankruptcy costs are incurred, so a = 1.

Just after conversion, the firm continues to operate, now with just P, in debt outstanding.

3 Optimal Default and Debt-Induced Collapse

Having valued the firm’s equity at an arbitrary default barrier V3, we now proceed to derive

the equity holder’s optimal default barrier V;* and to investigate its implications.

3.1 Endogenous Default Boundary

As in Section 2, we denote by EP¢(V;V}) the post-conversion equity value for a firm with asset
value V' and default barrier V. After conversion, we are dealing with a conventional firm,
meaning one without CoCos. In such a firm, the equity holders choose the default barrier V; to

maximize the value of equity subject to the constraint that equity value can never be negative;

12



that is, they solve

max EPC(V: W) (3.1)
b

subject to the limited liability constraint
EPC(V'; %) >0, forall V! > V.

The limited liability constraint ensures that the chosen V} is feasible. Without this condition,
a choice of V4 that maximizes EP¢(V;V}) at the current asset level V' might entail sustaining a
negative value of equity at some asset level between V; and V', which is infeasible. Denote the
solution to this problem by prc.

Before conversion, when the firm’s liabilities include CoCos, equity value is given by EB¢(V; V}),
and the shareholders would like to choose V} to maximize this value. If they choose V}, < V,
conversion will precede bankruptcy, and following conversion they — and the new shareholders
who were formerly CoCo holders — will face an equity maximization problem of the type in
(3.1). Hence, before conversion the equity holders face a commitment problem, in the sense
that they cannot necessarily commit to holding V4, at the same level after conversion that they
would have chosen before conversion. Anticipating this effect, they will choose V}, = VbPC if they

choose V;, < V.. Thus, before conversion, equity holders will choose V}, to solve
max E8(V; 1)
Vb
subject to the limited liability constraint
EBC(V'; V) >0, forall V' >V,

and the commitment condition that V}, = prc if Vi, < V.. Let V}® denote the solution to this
problem.

Chen and Kou [9] have solved the optimal default barrier problem with only straight debt,
and this provides the solution for the post-conversion firm: prc = Pje1, where €; depends on
c1, m, k1 and « but is independent of the capital structure and V. See equation (B.1) in the
appendix for an explicit expression. Recall that £ NC(V; Vp) denotes the value of equity if the Py
in CoCos is replaced with non-convertible junior debt in the original firm. Extending Chen and
Kou [9], we can express the optimal default barrier for this firm as VbNC = Pie; + Psey, where
€9 is defined analogously to €; using cy instead of ¢1; see (B.2). We always have VbPC < VbNC
because increasing the amount of non-convertible debt while holding everything else fixed raises

the default barrier. We can now characterize the optimal default barrier with CoCos.
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Theorem 1. For a firm with straight debt and with CoCos that convert at V., the optimal
default barrier V' has the following property: Either

\'/b* _ ‘/bPC < ch or \'/b* — V;)NC > ch (32)

Moreowver, Vb'DC is optimal whenever it is feasible, meaning that it preserves the limited liability

of equity.

This result reduces the possible default barriers for a firm with CoCos to two candidates,
each of which corresponds to the default barrier for a firm without CoCos. The second case is
a candidate only if, without the conversion feature, it would be optimal to default at an asset
level higher than the trigger V.. This can occur only if the first case does not yield a feasible
solution.

We will see that a firm can sometimes move from the first case in (3.2) to the second case
by increasing its debt load. The transition is discontinuous, creating a jump up in the default
barrier and a drop in equity value. We refer to this phenomenon as debt-induced collapse. This
phenomenon is not present without CoCos (or with bail-in debt). Moreover, we will see that
the positive incentive effects that result from CoCos under the first case in (3.2) disappear
following the collapse.

To illustrate, we consider an example. The heavy solid line in Figure 1 shows equity value
as a function of asset value for the NC firm, in which the CoCos are replaced by junior debt.
The optimal default barrier VbNC is at 93, and the NC equity value and its derivative are equal
to zero at this point. If the conversion trigger V. is below 93 (two cases are considered in the
figure), then Vj, = VbNC = 93 is a feasible default level for the original firm because the resulting
equity values are consistent with limited liability. The optimal post-conversion default barrier is
VbPC = 58. Suppose the conversion trigger is at V., = 65, and suppose the original shareholders
of the original firm with CoCos attempt to set the default barrier at V3 = 58. The dashed line
shows the resulting equity value. At higher asset values, the dashed lines is above the solid line,
suggesting that equity holders would prefer to set the default barrier at 58 than at 93. However,
the dashed line is not a feasible choice because it creates negative equity values at lower asset
levels; the best the shareholders can do in this case is to set V3 = 93. If the conversion trigger
were at V. = 75, a default barrier of V}, = VbPC = 58 would be feasible because the resulting
equity values (the dash-dot line) remain positive; in fact, this choice would then be optimal. If
we imagine starting with the conversion trigger at 75 and gradually decreasing it toward 65, at
some level of V. in between the default barrier jumps up from 58 to 93, and the equity curve

collapses down to the heavy solid line showing the equity curve for the NC firm.
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Figure 1: Candidate equity value as a function of asset value in three scenarios. The heavy solid
(green) line reflects default at VLNC = 93, prior to conversion. The other two lines reflect default
at VbPC = 58 with two different conversion triggers. With V., = 65, equity becomes negative so
VI'JPC is infeasible and default occurs at Vl')NC. With V. = 75, default at VbPC is feasible, and it is
optimal because it yields higher equity than VbNC.

In the bail-in case, the original equity holders are effectively choosing V. because their
default is a conversion that transfers ownership to the new shareholders. After conversion, the
new shareholders will choose default barrier VbPC. Before conversion, the original equity value
is given by EBC, evaluated with A = co. In maximizing the value of their claim, the original
equity holders will choose a level of V. consistent with limited liability, EB¢(V; VbPC) >0, for all
V' > V.. The value of equity changes continuously with V. and with the debt levels P, and P;
(this can be seen from the expression (B.3) given in the appendix) so there is no phenomenon

of debt-induced collapse.

3.2 Constraints on Debt Levels

We now analyze the effect of changing the debt levels P; and P, and the limits imposed by
Theorem 1. For purposes of illustration, we start with a simple case in which V. is held fixed as
we vary P; and P,. This allows us to isolate individual effects of changes in capital structure.

Theorem 1 shows that either of two conditions leads to debt-induced collapse:
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e The optimal default barrier for the post-conversion firm is too high: V})PC > V..

e No default barrier lower than V, is feasible: for any V3 < V. we can find some V > V,
such that EBC(V;13) < 0, violating the limited liability of equity.

These two conditions provide guidance in examining when changes in capital structure result in
debt-induced collapse. Theorem 2 makes this precise. In the theorem, we establish two critical
amounts P; and P, such that the condition P; < P; is equivalent to prC < V., and, when this
holds, P, < Py is equivalent to EBC(V; Vl')PC) >0 foral V>V,

Theorem 2. Suppose V. is fized. There exist upper bounds on the amount of straight debt and
CoCos above which debt-induced collapse ensues. Formally, there exist Py and Py, where Py

depends on Py, such that the following holds:

o If either Py > Py or Py > P,, then we have debt-induced collapse.

o IfO<S< P L P and 0 < Py < Pg, then debt-induced collapse does not occur.
The critical levels P; and Py are derived in the appendiz.

We illustrate these debt limits through numerical examples. We fix the parameters in

Table 1, which are in line with our calibration results, and vary the average maturity 1/m, and

the amount of straight debt P;.

Parameter Value

initial asset value Vo | 100

risk free rate r | 6%

volatility o | 8%

payout rate 0| 1%

funding benefit K1, k9 | 35%

jump intensity Ar | 0.3

firm specific jump exponent n|4

coupon rates (c1,¢2) | (r+ 3%, 1+ 3%)
bankruptcy loss (1—a) | 50%

Table 1: Base case parameters. Asset returns have a total volatility (combining jumps and
diffusion) of 21%. On average every 3 years a jump costs the firm a fifth of its value. The
number of shares A issued at conversion is set such that the market value of shares delivered
is the same as the face value of the converted debt if conversion happens at exactly V..
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Critical values for CoCos

~ 150 T
%) 1/m=0.1
o
Q Co 1m=1
&_) 100 | - = —1/m=4 .
2 ~ ~ 1/m=10
= -~
> -~ -
=] =~ \\ -~
£ SJD-
© = ~ - ~ —
T 50 - ~ -
~ ~
% ~ ~ ~ -
IS ~ N S
0 | : l A | N
0 60 80 100 120
Straight debt P1
Critical leverage ratios for CoCos
L1 T T T
% TRwn 1/m=0.1
§ 0.8 [ "‘m.‘f‘~~\1 o 1/m=1 T
o T S sl - = —1m=4
c : == =
S 06 S~ -~ 1/m=10 I
(=)} == o
© e TS
g 04 - N &
2 =l o
s T~I~o
E o2 ~i-s .
X ~ ~
- : L
0 ! ! ! ! ! L ! S s
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Straight debt leverage Pl/F
Critical total leverage
1 R T T
0w 09F T T T T s e T
[=2] ~
S e S~
© 08 -
o
gorf -
5 1/m=0.1
Eo6f e dm=1 |
€ o5l - - -Um=4 ||
-~ Um=10
0.4 l l l l l l l i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Straight debt leverage Pl/F

Figure 2: Top: Critical values of CoCos P, as a function of straight debt P; for different
mean maturities and V. = 75. Middle: Critical leverage ratios of CoCos P/F as a function of
straight debt leverage P;/F. Bottom: Critical leverage (Py + P»)/F as a function of straight
debt leverage P;/F.

Figure 2 shows the maximum amount of CoCos and the maximum leverage ratio that can be
sustained without debt-induced collapse, with a conversion barrier V. = 75. The mean maturity
ranges from 1/m = 0.1 years to 1/m = 10 years. In the first plot we show P, as a function of
P;. The intersection of each curve with the x-axis represents P;. For example a firm with a
mean debt maturity of 1/m = 4 years and face value P; = 90 can only add P, = 15 CoCos to
the capital structure. If the firm adds more CoCos, debt-induced collapse occurs. The second

plot shows the same relationship, but now in terms of leverage. For a firm that chooses debt
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levels P, and P», we calculate the resulting total value of the firm F. The ratios P;/F and
P,/ F are the leverage ratios for straight debt and CoCos. A firm with debt maturity of 10 years
and a straight debt leverage of 80% can increase the CoCo leverage only up to 5%. Finally, in
the third plot we show the total leverage (P + P»)/F as a function of straight debt leverage.
A firm with a debt maturity of 1 year cannot lever up to more than 78% without triggering
debt-induced collapse, regardless of how it chooses its capital structure.

As we have noted before, the optimal default barrier VbPC = Pie; is proportional to the
amount of straight debt. If V. is far above Vl')PC, a large amount of CoCos can be issued. A
short mean maturity 1/m results in a higher default barrier ;"¢ and hence also in a lower
critical level P,. If the amount of straight debt is high, this also increases VbPC and the same
effect takes place.

Figure 3 shows how the critical values in the top panel of Figure 2 change when we remove
any funding benefit for CoCos by setting ko = 0. The figure shows that the upper limit on
CoCo issuance to avoid debt-induced collapse decreases. We interpret this effect as follows.
With the funding benefit reduced, shareholders have less incentive to keep the firm operating
and will therefore raise the default barrier; raising the default barrier expands the scope of

debt-induced collapse.
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Figure 3: Critical values of CoCos P, as a function of straight debt P; for different mean
maturities and V. = 75, when CoCos have no funding benefit (k2 = 0).

3.3 Constraints with a Capital Ratio Trigger

In the analysis of Theorem 2, we held V. fixed while varying P; and P to isolate individual
effects. We now let V, vary with the debt levels by setting V. = (P, + P»)/(1 — p), following

the conversion rule in (2.4) based on a minimum capital ratio p. According to Theorem 1, we
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have debt-induced collapse if V},PC > V., which now reduces to the condition
(61(1 — p) — 1)P1 > Py (33)

As before, € is given explicitly by equation (B.1) in the appendix. It follows from (3.3) that
a sufficiently large P; will produce debt-induced collapse if ¢(1 — p) > 1. We explore when
this condition® holds and its implications through numerical examples varying the debt rollover

frequency m and coupon c.

Critical P1

Critical P1

O | | | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

mean maturity 1/m

Figure 4: Critical values of straight debt Py, that lead to VbPC > V. and hence debt-induced
collapse for a capital ratio trigger. We set p = 0.05 and P, = 5.

For the numerical examples we take the baseline values in Table 1 and set the capital
ratio and the amount of CoCos to be p = 5% and P» = 5, respectively. Figure 4 plots the
critical levels of P; that lead to (3.3). For example, a firm with mean maturity of four months
(1/m = 0.3) and coupon of ¢ = 0.11 on its straight debt will experience debt-induced collapse
at any P; larger than 80. Note that this condition is completely independent of the parameters
of the CoCos other than the amount P,. Figure 4 reveals an important interaction between

debt maturity and debt-induced collapse: rolling over debt more frequently lowers the threshold

8This condition also yields debt-induced collapse with the Tier 1 trigger in the footnote just before (2.4).
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of P, for debt-induced collapse. Directly from (3.3), it is also clear that lowering the required
capital ratio p also widens the scope of parameters leading to debt-induced collapse.

The threshold for P, depicted in Figure 4 gives a sufficient condition based on (3.3): setting
P, above the critical value guarantees debt-induced collapse. It is actually possible to have debt-
induced collapse at an even lower value of P if the feasibility condition miny >y, E BC(V; VbPC) >
0 is violated. This condition is more complicated because the minimum is not necessarily
monotonic in P;. However, in numerical experiments we have found that debt-induced collapse
typically occurs only when P is larger than the threshold determined by (3.3) and illustrated
in Figure 4, so (3.3) appears to be the more important of the two possible conditions leading

to debt-induced collapse.

3.4 A Too-Big-To-Fail Firm

As a final illustration, we consider a simple model of a firm that is too big to fail (TBTF) and
show that debt-induced collapse becomes even more of a concern in this setting. As in Albul
et al. [1], we take the key feature of a TBTF firm to be an implicit government guarantee on
senior debt. We assume that at bankruptcy the government steps in and makes the senior bond
holders whole. Bond holders anticipate this guarantee, but the firm does not pay for it. The
net effect is to reduce the firm’s cost of issuing debt: it issues P; in senior debt at a market
value of Pi(c; +m)/(r + m) rather than (2.7). The rest of our analysis extends accordingly.

The difference between the market value of riskless and risky debt functions like a govern-
ment subsidy to the firm. With debt rollover, part of this subsidy is captured by shareholders.’
Shareholders maximize their benefit by raising the default boundary, thus increasing the value
of the subsidy and increasing the propensity for debt-induced collapse.

Figure 5 displays the same comparison as Figure 4 but for a TBTF firm. Debt-induced
collapse is now almost unavoidable at maturities shorter than one year. As the straight debt of
a TBTF firm is basically risk-free, we set the coupon ¢y equal to the risk-free rate r and plot
different capital ratio triggers p in Figure 6. Given the current leverage ratios of banks, a TBTF
firm with a mean maturity of 2 years for its straight debt needs a trigger ratio p larger than
10% to avoid debt-induced collapse, which would be very high. The main point of this example
is to illustrate a directional effect: an implicit guarantee widens the scope of parameters at

which debt-induced collapse occurs.

9This is not case in Albul et al. [1] because in their model all debt is perpetual so all benefits of reduced credit
risk accrue to bond holders. This important feature of debt rollover is further explored in the next section.
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Figure 5: Critical values of straight debt P; for
a TBTF firm, that lead to VbPC >V, for a CET1
conversion trigger. We set p = 0.05 and P>, = 5.

Figure 6: Critical values of straight debt P, for
a TBTF firm, that lead to prc >V, for a CET1
conversion trigger. We set ¢y =r and P, = 5.

4 The Impact of Debt Rollover

In this section, we investigate the impact of debt rollover on equity value under various changes
in capital structure.

The process of rolling debt is important to our analysis, so we briefly describe this feature
of our model. Under our exponential maturity assumption, old debt is continuously maturing
and new debt is continuously issued. Within each debt category, the coupon and the total par
value outstanding remain constant; but while debt matures at par value, it is issued at market
value. If the par value is greater, the difference is a cash shortfall that needs to be paid out
by the firm; if the market value is greater, the difference generates additional cash for the firm.
We refer to these as rollover costs — a positive cost in the first case, a negative cost in the
second — and treat them the same way we treat coupon payments. Rollover costs will change
as the firm’s asset value changes, becoming larger as asset value declines, the firm gets closer to
default, and the market value of its debt decreases. Rollover costs thus capture the increased
0

yield demanded of riskier firms.!

The comparisons in this section are based on combinations of qualitative properties and

Debt rollover also have important implications for asymmetric information and monitoring, as in Calomiris
and Kahn [7], and liquidity risk, as in He and Xiong [20], but these features are outside the scope of our model.

21



numerical examples. For the numerical examples, we enrich the base model, expanding the
capital structure through additional layers of straight debt and allowing two types of jumps
in asset value. Details of these extensions and parameter values for the numerical illustrations
are discussed in Appendix C. We use the parameters given there in Table 5. The firm initially
funds 100 in assets with a total par value of 85 in non-convertible debt and 15 in equity or a
combination of equity and CoCos. Under any change in capital structure, we recompute the
optimal default barrier and recompute the value of the firm and its liabilities. Throughout this
section, we limit ourselves to changes that keep the firm within the no-collapse region so that

the CoCos do not degenerate to straight debt.

4.1 Replacing Straight Debt with CoCos

We begin by replacing some straight debt with CoCos. The consequences of the substitution

are as follows.

e [f coupon payments on CoCos are not tax deductible, then replacing straight debt with
CoCos has the immediate effect of reducing firm value by reducing the value of the tax
shield. Even if CoCo coupons are tax deductible or enjoy other funding benefits, these
benefits end at conversion, so, other things being equal, the substitution still has the
immediate impact of reducing firm value; see (2.10). The reduction in firm value has the

direct effect of lowering the value of equity.

e However after conversion the firm will have less debt outstanding and lower debt service
payments (coupons and rollover costs) than it would without the substitution of CoCos
for straight debt. With lower debt service, more of the cash generated by the firm’s assets
flows to equity holders in dividends. This reduces the default barrier V", which extends

the life of the firm, reduces the bankruptcy cost and thus increases firm value in (2.10).

e We thus have two opposite effects on firm value: the reduced funding benefit from CoCos
reduces firm value, but the reduced default probability and bankruptcy cost increases firm
value. In our numerical examples, we find that the second effect dominates over a wide
range of parameter values, so that the net effect of replacing straight debt with CoCos is

to increase firm value.

e Part of this increase in firm value is captured by debt holders because the reduced
bankruptcy risk increases the value of the debt. Part of the increase is also captured
by equity holders: the increased debt value reduces rollover costs which increases the flow

of dividends. Thus, equity holders have a positive incentive to issue CoCos.
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Figure 7: Change in equity value resulting from various changes in capital structure. In the
right hand figure the CoCo holders dump their shares in the market following the conversion
and as a result lose 20% value of their shares due price impact and transaction fees.

This conclusion contrasts with that of Albul et al. [1], who find that equity holders would
never voluntarily replace straight debt with contingent convertibles. In their model, straight
debt has infinite maturity and is never rolled. As a result, all of the benefit of reduced
bankruptcy costs from CoCos is captured by debt holders. This difference highlights the im-
portance of debt rollover in influencing incentives for equity holders, an effect we return to at
several points.

The line marked with crosses in the left panel of Figure 7 shows the increase in equity value
resulting from a substitution of one unit (market value) of CoCos for one unit (market value)
of straight debt, plotted against the value of the firm’s asset value. The conversion level V_ is
75. Despite the dilutive effect of conversion, the benefit to equity holders of the substitution
is greatest just above the conversion level and decreases as asset level increases. This follows
from the fact that the benefit to equity holders derives from the reduction in bankruptcy costs,
which is greater at lower asset values. We will discuss the other curves in the left panel shortly.

The right panel of Figure 7 incorporates a friction in the conversion of debt to equity. To
this point, we have valued each security as the expected present value of its cash flows. In
practice, the markets for debt and equity are segmented, and some bond investors may be
unwilling (or unable under an investment mandate) to own equity. Such investors would value

CoCos at less than their present value, and this effect could well move the price at which the
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market clears, given the comparatively small pool of investors focused on hybrid securities.

To capture this effect, we suppose that the equity received by CoCo investors at conversion
is valued at 80% of market value. For example, we can think of CoCo investors as dumping their
shares at a discount, with the discount reflecting a market impact that is only temporary and
therefore does not affect the original equity holders. CoCo investors anticipate that they will
not receive the full value of equity at conversion and thus discount the price of CoCos up front.
This makes CoCos more expensive for the firm as a source of funding. The line marked with
crosses in the right panel shows the benefit to equity holders of the same substitution examined
in the left panel. As one would expect, the benefit is substantially reduced near the conversion
trigger of 75 (comparing the two panels); at higher asset values, the difference between the cases
vanishes, with the crossed lines in both panels near 0.3 at an asset level of 100. To summarize:
Segmentation between debt and equity investors creates a friction in conversion that reduces the

benefit of issuing CoCos; this effect is especially pronounced near the conversion trigger.

4.2 Increasing the Balance Sheet with CoCos

We now consider the effects of issuing CoCos without an offsetting reduction in any other
liabilities. The proceeds from issuing CoCos are used to scale up the firm’s investments. The

consequences of this change are as follows:

e Because the post-conversion debt outstanding is unchanged, the endogenous default bar-

rier V" is unchanged, so long as the firm stay within the no-collapse region of debt levels.

e In this case, the risk of default decreases because an increase in assets moves the firm far-
ther from the default barrier. The reduction in bankruptcy costs increases firm value and
the value of straight debt. The additional funding benefit from issuing CoCos (assuming,

for example, that their coupons are tax-deductible) further increases firm value.

e Shareholders benefit from the increase in firm value combined with the decrease in rollover
costs for straight debt and the increase in cash generated from the larger asset base. These
benefits work in the opposite direction of the increase in coupon payments required for

the new CoCos.

e With a sufficiently large CoCo issue, the firm faces debt-induced collapse: the value of
equity drops, the firm’s default probability and bankruptcy costs jump up.

The dashed line in each panel of Figure 7 shows the benefit to shareholders of issuing a unit

of new CoCos within the no-collapse region of debt levels. The benefit is lower on the right in
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the presence of a conversion friction. Whereas the incentive for debt substitution decreases with
asset value, the incentive for issuing new CoCos increases with asset value. For completeness the
figures also include the impact of replacing some equity with CoCos, which is roughly parallel

to the effect of issuing new CoCos.

4.3 The Bail-In Case

Figure 8 illustrates the same comparisons made in the left panel of Figure 7, but now for the
bail-in case. The main observation is that the incentive (for shareholders) to issue convertible
debt is greater in Figure 8 than in Figure 7. This is primarily due to the lowering of the
conversion threshold — the trigger is 75 in Figure 7 whereas the bail-in point is a bit below
70 in Figure 8. As long as conversion occurs before bankruptcy, the level of the conversion
threshold has no effect on firm value or the value of straight debt. It does affect how value is

apportioned between equity holders and CoCo investors.

5 Debt Overhang and Investment Incentives

In most capital structure models, equity holders are least motivated to invest in a firm precisely
when the firm most needs additional equity. For a firm near bankruptcy, much of the value of
an additional equity investment is captured by debt holders as the additional equity increases

the market value of the debt by reducing the chances of bankruptcy. This is a problem of

1 4 I I I I I
firm capitalizes by issuing new equity
— — — firm capitalizes by issuing new cc
T2 cc replaces equity
—— cc replaces debt

75 77 79 81 83 85 87 89 91 93 95 97 99 100
asset level (Vo)

Figure 8: Change in equity value resulting from changes in capital structure with bail-in debt.
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debt overhang (Myers [32]), and it presents a significant obstacle to recapitalizing ailing banks.
Duffie [13] has proposed mandatory rights offerings as a mechanism to compel investment. Here
we examine the effect of CoCos on investment incentives.

The phenomenon of debt overhang is easiest to see in a static model, viewing equity as a call
option on the assets of a firm with a strike price equal to the face value of debt, as in Merton
[30]. At a low asset value, where the option is deep out-of-the-money, the option delta is close
to zero: a unit increase in asset value produces much less than a unit increase in option value,
so equity holders have no incentive to invest. Indeed, in this static model, the net benefit of
investment is always negative.

At least three features distinguish our setting from the simple static model. First, the
reduction in rollover costs that follows from safer debt means that equity holders have the
potential to derive some benefit from an increase in their investment. Second, the dilutive
effects of CoCo conversion creates an incentive for shareholders to invest to prevent conversion.
Third, if CoCo coupons are tax deductible, shareholders have an added incentive to invest in
the firm near the conversion trigger to avoid the loss of this tax benefit.

Figure 9 shows the cost to equity holders of an additional investment of 1 in various scenarios.
Negative costs are benefits. For this example, we use the longer maturities for debt in Table 5,
as the overhang problem is more acute in this case. This is illustrated by the solid black line in
the left panel, which shows the overhang cost is positive throughout the range of asset values
displayed.

The solid blue line and the dashed line show the overhang cost after the firm has issued
CoCos. The blue line corresponds to replacing equity with CoCos, and the dashed line corre-
sponds to replacing straight debt with CoCos. As we move from right to left, tracing a decline
in asset value toward the conversion threshold V., = 75, we see a dramatic increase in the benefit
(negative cost) to equity holders of an additional investment. In other words, the presence of
CoCos creates a strong incentive for equity holders to invest in the firm to avoid conversion.
After conversion (below an asset level of 75), the overhang cost reverts to its level in a firm
without CoCos.

The right panel of Figure 9 provides further insight into the investment incentive illustrated
in the left panel. If we lower the conversion trigger from 75 to 70, we see from the solid
black line that the investment incentive becomes greatest at 70, as expected, where it is a bit
greater than the greatest value in the left figure. Removing the tax-deductibility (and any other
funding benefit) of CoCo coupons yields the dashed black line, which shows that the investment

incentive is reduced but not eliminated. In the solid red line, we have returned the conversion

26



debt overhang cost debt overhang cost
‘ S ‘ ‘ 1 V=70

08} — — —V_=70, no tax benefits from CC
. [

- VC =75, no jumps
061 ]
V=75, no jumps & no tax benefits from CC

coco: 0 — debt: 85

~0.6 coco: 5 — debt: 85
— — — coco: 5 — debt: 79.90
-0.7 - : : : : -0.8 . . ‘
65 70 75 80 85 90 95 100 70 75 80

asset value (Vo) asset value (VO)

Figure 9: Net cost to shareholders of increasing the firm’s asset by 1. Negative costs are gains.
The figures show that CoCos and tail risk create a strong incentive for additional investment
by equity holders near the conversion trigger.

trigger to 75 but removed the jumps from the asset process. This eliminates close to half the
incentive for investment, compared to the left panel. Removing both the tax shield on CoCos
and jumps in asset value eliminates almost all the investment incentive, as indicated by the
dashed red line.

The tax effect is evident: the tax shield increases the value to shareholders of avoiding
the conversion of CoCos and thus creates a greater incentive for investment. The jump effect
requires some explanation. Recall that the conversion ratio A is set so that the market value
of the shares into which the CoCos convert would equal the face value of the converted debt if
conversion were to occur at an asset level of V... If a downward jump takes V; from a level above
the trigger V. to a level below it, then conversion occurs at an asset level lower than V., and
the market value of the equity granted to CoCo investors is less than the face value of the debt.
Equity holders thus prefer conversion following a jump to conversion at the trigger; indeed,
conversion right at the trigger is the worst conversion outcome for equity holders, and this
creates an incentive for investment as asset value approaches the trigger. The equity holders
would prefer to delay conversion and, in effect, bet on converting at a jump rather than right
at the trigger. This suggests that CoCos may create an incentive for equity investors to take

on further tail risk, an issue we investigate in the next section.
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6 Asset Substitution and Risk Sensitivity

We reviewed the problem of debt overhang in the previous section in Merton’s [30] model, which
views equity as a call option on the firm’s assets. The same model predicts that equity value
increases with the volatility of the firm’s assets, giving equity holders an incentive to increase
the riskiness of the firm’s investments after they have secured funding from creditors. In this
section, we examine this phenomenon in our dynamic model, focusing on how CoCos change
the incentives.!!

We can summarize our main observations as follows. Because of the need to roll maturing
debt, equity holders do not necessarily prefer more volatile assets in a dynamic model; longer
debt maturity makes riskier assets more attractive to equity holders. Even when equity value
does increase with asset volatility, CoCos can mitigate or entirely offset this effect, in part
because equity holders are motivated to avoid conversion. In some cases, CoCos can make tail
risk more attractive to equity holders even while making diffusive risk less attractive.

To illustrate these points, we start with the lower panel of Figure 10, which shows the
sensitivity of equity to diffusive volatility as a function of asset value. The solid black line
corresponds to a firm with no contingent capital — the sensitivity of equity to o is positive
throughout the range and peaks just above the default barrier. As the firm nears bankruptcy,
the equity holders are motivated to take on extra risk in a last-ditch effort at recovery.

We see a very different pattern in the two blue lines, corresponding to a firm in which some
straight debt has been replaced with CoCos, and the two red lines, based on replacing some
equity with CoCos. In both cases, the solid line is based on a conversion trigger of 85, and the
dashed line uses a trigger of 70. This gives us four combinations of capital structure and trigger
level. In all four, the sensitivity is negative at high asset values and turns sharply negative
as asset value decreases toward the conversion boundary before becoming slightly positive just
above the trigger, where equity holders would prefer to gamble to avoid conversion. After
conversion, the pattern naturally follows that of a firm without CoCos. The key implication
of the figure is that CoCos decrease, and even reverse, the incentive for the shareholders to

increase the riskiness of the firm’s assets.

""Related questions of risk-shifting incentives are studied in Albul et al. [1], Hilscher and Raviv [21], Koziol
and Lawrenz [25], and Pennacchi [35] with contingent capital and in Bhanot and Mello [4] for debt with rating
triggers.
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Figure 10: Sensitivity of equity value to diffusive volatility o. With longer maturity debt, equity
holders have a positive risk-shifting incentive. CoCos tend to reverse this incentive.

The top half of Figure 10 illustrates the effect of debt maturity and bankruptcy costs on
the risk-shifting incentive. In each pair of lines, the dashed line has the same level of straight
debt as the solid line but it also has CoCos. Considering first the solid lines, we see that with
long-maturity debt, the risk-shifting incentive is positive, even at a rather high recovery rate
of @ = 90%. In contrast, with shorter maturity debt, the sensitivity is nearly always negative,
even with a recovery rate of 100% — i.e., with no bankruptcy costs. Thus, debt maturity and
not bankruptcy cost is the main driver of the sign of the risk-sensitivity. CoCos therefore have

a greater effect on the risk-shifting incentive when the rest of the firm’s debt has longer average

I
100 110

maturity. The impact of CoCos is not very sensitive to the recovery rate a.
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Figures 11 and 12 illustrate similar comparisons but with the sensitivity at each asset
level normalized by the value of equity at that asset level; we interpret this as measuring the
risk-shifting incentive per dollar of equity. Also, the figures compare sensitivities to diffusive
volatility on the left with sensitivity to tail risk, as measured by 1/n¢, on the right. Figure 12
uses a longer average maturity of debt than Figure 11.

The left panels of Figures 11 and 12 are consistent with what we saw in Figure 10 for the
unnormalized sensitivities: with longer maturity debt, CoCos reverse the risk-shifting incentive;
with shorter maturity debt, equity holders already have an incentive to reduce risk, particularly
at low asset values, and CoCos make the risk sensitivity more negative.

The right panels add new information by showing sensitivity to tail risk. In both Figures 11
and 12, equity holders have a positive incentive to add tail risk, particularly with long maturity
debt, but also with short maturity debt at low asset levels. Indeed, the incentive becomes
very large in both cases as asset value falls. Increasing the size of the firm’s balance sheet
by adding CoCos leads to a modest increase in this incentive above the conversion trigger.
Replacing some straight debt with CoCos reduces the incentive to take on tail risk but does not
reverse it. Related comparisons are examined in Albul et al. [1] and Pennacchi [35]. Pennacchi’s
[35] conclusions appear to be consistent with ours, though modeling differences make a direct
comparison difficult; the conclusions in Albul et al. [1] are quite different, given the absence of
jumps and debt rollover in their framework.

The patterns in our results can be understood, in part, from the asset dynamics in (2.2); in
particular, whereas the diffusive volatility o plays no role in the (risk-neutral) drift, increasing
the mean jump size increases the drift. In effect, the firm earns a higher continuous yield on
its assets by taking on greater tail risk. This has the potential to generate additional dividends
for shareholders, though the additional yield needs to be balanced against increased rollover
costs resulting from increased default risk. In addition to generating a higher yield, jump risk is
attractive to shareholders because the cost of conversion is lower if it takes place at a lower asset
value than at the conversion trigger. Moreover, shareholders are indifferent between bankruptcy
at an asset value below their default barrier or right at their barrier, so they are motivated to

earn the higher yield from tail risk without bearing all of the downside consequences.

7 Calibration to Bank Data Through the Crisis

In this section, we calibrate our model to specific banks. We focus on the years leading up to
and during the financial crisis, with the objective of gauging what impact CoCos might have

had, had they been issued in advance of the crisis. We examine the increase in the banks’
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Figure 11: Sensitivity of equity value to diffusive volatility and jump risk in assets.
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Figure 12: Same comparisons as Figure 11 but with longer average maturity. In all plots, at
the same asset level the dashed line corresponds to a larger distance to default due to less
outstanding regular debt.
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ability to absorb losses, relative to the amount of straight debt replaced with CoCos, and we
calculate the reduction in debt overhang costs as an indication of whether CoCos would have
created greater incentives for equity holders to inject private capital at various points in time.

As candidates for our calibration, we chose the 19 bank holding companies (the largest 19
at the time) that underwent the Supervisory Capital Assessment Program (SCAP) in 2009.
From this list, we removed MetLife because banking is a small part of its overall business, and
we removed GMAC (now Ally) because it is privately held. The banks are listed in Table 2, in
order of asset value in 20009.

We obtain quarterly balance sheet information from each bank holding company’s quarterly
10-Q/10-K S.E.C. filings from 2004 through the third quarter of 2011, except in the case of
American Express, for which we begin in 2006 because of a large spin-off in 2005. Several
of the firms became bank holding companies late in our time window, so Y-9 reports would
not be available throughout the period. Also, the Y-9 reports contain less information about
debt maturities and interest expenses than the quarterly reports. We group all debt into three
categories — deposits, short-term debt, and long-term debt — in this order of seniority. We
do not separate subordinated debt from other long-term debt because of difficulties in doing
so consistently and reliably. The distinction would not have much effect on our calculations.
We calculate average debt maturity within each category using information provided in annual
reports. We calculate total dividends and interest payments to get a total payout rate.

We linearly interpolate values within each quarter, using values from the beginning of the
quarter and the beginning of the subsequent quarter; this gives us values at a weekly frequency
and avoids abrupt changes at the end of each quarter. For debt maturities, we interpolate
between annual reports.

Our model is driven by asset value, but asset value is not observable. So, we fit our model
using balance sheet and market information and then use the model to infer asset value or a
model-defined proxy for asset value. In more detail, at each week we use the linearly interpolated
values to determine the bank’s debt profile, dividends, and interest. As the risk-free rate, we
use the Treasury yield corresponding to the weighted average maturity of each bank’s debt.

Jump parameters are difficult to estimate, particularly for rare jumps as contemplated by
our model. For the calibrations, we limit the model to a single type of jump and choose from a
finite set of values for the jump rate A and the mean jump size 1/n. For each (\,n), we calibrate
a value for the diffusive volatility o iteratively as follows. Given a starting value for o, we can
numerically invert our model’s formula for equity at each point in time (using the market value

of equity at each point in time) to get an implied market value for the assets. We then calculate
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the annualized sample standard deviation of the implied asset log returns, excluding returns of
magnitude greater than 3.30, which we treat as jumps, and compare it with 0. We adjust o up
or down depending on whether the standard deviation is larger or smaller than o, proceeding
iteratively until the values match. At that point, we have found a path of underlying assets
that reproduces the market value of equity with an internally consistent level of asset volatility,
for a fixed (A, 7).

We repeat this procedure over a grid of (A, n) values. We limit A to 0.1 or 0.3; for 1, we
consider integer values between 5 and 10, but if the best fit occurs at the boundary we extend
the range to ensure that does not improve the fit. We choose from the set of (A, 7, o) values by
comparing model implied debt prices with market data of traded debt from the Fixed Income
Securities Database and TRACE databases. We add up the total principal of traded debt and
total market price paid in those transactions. Their ratio gives an average discount rate that the
market applies to the debt. We calculate the corresponding model implied average discount for
each (\,n,0) using quarterly balance sheet data for the principal of debt outstanding and the
model implied prices. The interest payments are already matched through our choice of coupon
rates, so we choose the (\,7n,0) that comes closest to matching the discount on the principal
as our calibrated parameters. The parameters for the 17 banks are reported in Table 2.

Given the path of asset value and all the other model parameters, we can calculate model-
implied quantities. As a first step, we calculate the endogenous bankruptcy level V" based on
the bank’s debt profile at each point in time. We can also undertake a counterfactual experiment
in which part of the debt is replaced with CoCos and recalculate the default boundary. We
take CoCos to be 10% of total debt, keeping the relative proportions of other types of debt
unchanged. Recall that the default boundary does not depend on the CoCo conversion trigger
or conversion ratio, as long as the trigger is above the default boundary, so we do not need to
specify values for these features to determine V;*. In other words, we assume that the conversion
trigger is set to prevent debt-induced collapse.

Table 3 provides more detailed information at four points in time. Under each date, the
value on the left is the ratio of increased loss absorption to the market value of CoCos, where
the increased loss absorption is the change in the default barrier resulting from the CoCos. A
ratio of 1 indicates that a dollar of CoCos absorbs a dollar of additional losses; a ratio greater
or smaller than 1 indicates a greater or smaller degree of loss absorption. The second entry
under each date is the distance to default as a percentage of asset value. Comparing a single
institution at different points in time, the pattern that emerges is that the loss absorption

ratio tends to be greater when the firm is closer to default. The pattern does not hold across
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Parameters | Conversion Date
Bank Holding Company A o 50% 75%
Bank of America Corp 0.1 5 4.1% | Jan-09
JPMorgan Chase & Co. 0.1 8 44%
Citigroup Inc. 0.1 9 3.9% | Nov-08
Wells Fargo & Company 0.1 5 4.7%
Goldman Sachs Group, Inc. 0.1 5 3.8% | Nov-08
Morgan Stanley 0.1 8 4.2% | Sep-08 Dec-08
PNC Financial Services 0.3 8 7.0% | Nov-08 Jan-09
U.S. Bancorp 03 5 55% | Jan-09
Bank of New York Mellon Corp. | 0.3 6 7.3% | Oct-08
SunTrust Banks, Inc. 03 9 4.1% | Apr-08 Jan-09
Capital One Financial Corp. 03 7 7.9% | Jun-08 Jan-09
BB&T Corporation 0.3 6 5.3% | Jun-08
Regions Financial Corporation 0.3 8 4.7% | Jun-08 Jan-09
State Street Corporation 0.3 5 7.4% | Oct-08
American Express Company 0.3 8 8.6%
Fifth Third Bancorp 0.3 5 6.3% | Jan-08 Jun-08
KeyCorp 0.3 8 4.2% | Nov-07 Nov-08

Table 2: The table shows the calibrated parameter values (\,7, o) for each bank holding com-
pany. The last two columns show the months in which CoCo conversion would have been
triggered, according to the calibration, assuming CoCos made up 10% of debt. The 50% and
75% dilution ratios correspond to higher and lower triggers, respectively.
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Jan-2006 Jan-2007 Jan-2008 Jan-2009
Bank of America Corp 1.47 7% 1.43 8% 1.63 5% 1.54 3%
JPMorgan Chase & Co. 1.29 6% 1.29 6% 1.49 5% 1.50 5%
Citigroup Inc. 1.34 7% 1.32 6% 1.42 4% - 2%
Wells Fargo & Company .11 19% | 1.06 22% | 1.44 9% 1.60 5%
Goldman Sachs Group, Inc. | 1.35 4% 1.41 5% 1.52 4% - 4%
Morgan Stanley 1.43 4% 1.38 4% 1.50 5% - 5%
PNC Financial Services 1.17 0 19% | 111 21% | 1.29  14% - 8%
U.S. Bancorp 095 32% ]0.98 32% |111 24% | 1.17 18%
Bank of New York Mellon 1.15 24% | 1.06 28% |1.04 28% |080 1%
SunTrust Banks, Inc. 0.91 21% 0.87 22% 0.91 16% - 8%
Capital One Financial Corp. | 0.93  29% | 0.92  26% | 097 16% - 12%
BB&T Corporation 1.03  25% | 1.03 23% |097 14% - 9%
Regions Financial Corp. 090 24% |0.89 19% |0.87 12% - 4%
State Street Corporation 1.33  18% [1.25 20% |1.07 24% - 11%
American Express Company | 1.15  38% | 1.13  36% | 1.26 28% | 1.50 18%
Fifth Third Bancorp 089 26% |0.77 31% - 17% - 6%
KeyCorp .11 1% | 1.01 20% - 10% - 5%
mean 1.15 18.81% | 1.11 19.23% | 1.23 13.73% | 1.35 8.15%
median 1.15 19.32% | 1.06 20.52% | 1.26 13.80% | 1.50 5.81%

Table 3: Under each date the left column shows the ratio of the increase in loss absorption
(the change in the default boundary after CoCo issuance) to CoCo size (as measured by market
value). The right column is the distance to default (without CoCos) as a percentage of asset
level. The dilution ratio is 50%.

institutions because there are too many other differences in their balance sheets besides the
distance to default.

The design and market value of the CoCos depends on two contractual features, the trigger
V. and the conversion price A. By the definition of A, the fraction of total equity held by CoCo
investors just after conversion is AP»/(1 + APs), where P; is the face value of CoCos issued.
We choose A so that this ratio is either 50% or 75%, and we refer to this as the dilution ratio.
We then set the conversion level V. so that if conversion were to occur exactly at V; = V., the
market value of the equity CoCo investors would receive would equal the face value P» of the
CoCos: conversion at V; = V. implies neither a premium nor a discount. In order that the
equity value received be equal to P; at both 50% and 75% dilution ratios, the higher dilution
ratio must coincide with a lower conversion trigger. The results in Table 3 are based on a 50%
dilution ratio, but the corresponding results with 75% dilution are virtually identical.

The last two columns of Table 2 report the month in which the model calibrations predict

each of the banks would have triggered conversion of CoCos with a high trigger (50% dilution
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ratio) and a low trigger (75% dilution ratio). In each case, the CoCo size is equal to 10% of the
bank’s total debt. The calibrations predict that all the banks except JPMorgan Chase, Wells
Fargo, and American Express would have crossed the high conversion trigger sometime between
November 2007 and January 2009; seven of the banks would have crossed the lower conversion
trigger as well.

Next, we consider debt overhang costs. For each bank in each week, we calculate the size of
the equity investment required to increase assets by 1%. From this we subtract the net increase
in equity value, which we calculate by taking the value of equity just after the investment (as
calculated by the model) and subtracting the value of equity just before the investment (as
observed in the data). This is our measure of debt overhang cost: if it is positive, it measures
how much less equity holders get from their investment than they put in. A negative cost
indicates a net benefit to investment.

Table 4 presents more detailed information at three dates prior to key points in the financial
crisis: one month before the announcement of JP Morgan’s acquisition of Bear Stearns; one
month before final approval of the acquisition; and one month before the Lehman bankruptcy.
For each date, the table shows the debt overhang cost without CoCos and with high-trigger
CoCos; the third column under each date shows the distance to the conversion boundary as a
percentage of asset value. Interestingly, several of the largest banks show significantly negative
debt overhang costs even without CoCos. Recall from Section 5 that this is possible in a model
with debt rollover, though not with a single (finite or infinite) debt maturity. Greater asset value
implies greater bankruptcy costs and reducing these costs may partly explain the motivation
for shareholders to increase their investments in the largest firms. Also, if the market perceives
a too-big-to-fail guarantee for the largest banks that is absent from our model, then the model’s
shareholders may see the largest banks as overly leveraged relative to the market’s perception.

We focus on comparisons between columns of the table — a single firm under different
conditions — rather than comparisons across rows. With few exceptions, the effect of the
CoCos is to lower the debt overhang cost, and the impact is often substantial. The effect
depends on the interaction of several factors, including leverage, debt maturity, and the risk-
free rate, which enters into the risk-neutral drift. The largest reductions in debt overhang cost
generally coincide with a small distance to conversion, and, in most cases in which a bank
draws closer to the conversion boundary over time, the resulting reduction in debt overhang
cost becomes greater. The values in the table are for 50% dilution. The pattern with 75% is
similar, but the decrease in the debt overhang cost is smaller in that case because the distance

from the conversion trigger is greater.
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Feb-2008 Apr-2008 Aug-2008
Bank of America Corp -29%  -32% 6% | -26% -30% 5% | -28% -42% 3%
JPMorgan Chase & Co. -15%  -51% 5% | -43%  -41% 5% | -93% -60% 3%
Citigroup Inc. 42%  -53% 3% | -24% -45% 2% | -54% -65% 2%
Wells Fargo & Company | -35% -23% 8% | -33% -20% 8% |-33% -21% ™%
Goldman Sachs Group 51%  -45% 2% | -33%  -42% 2% | -53%  -54% 2%
Morgan Stanley 21%  -42% 1% | 21% -36% 1% | -20% -58% 2%
PNC Financial Services -11%  -16% 7% | -T% -12% 8% | -10%  -12% 8%
U.S. Bancorp 4% 4%  13% | 5% 5%  13% | 5% 5%  11%
Bank of New York Mellon | -3% 2% 17% | -1% 0% 14% | 6% 4% 8%
SunTrust Banks, Inc. 2% -20% 2% | 5% - - 9% - -
Capital One Financial 4% -28% 3% | 4%  -34% 2% | 6% - -
BB&T Corporation 2%  -11% 4% | 4% -12% 4% | 6%  -60% 1%
Regions Financial Corp. % 24% 3% | 8% -42% 2% | -9% - -
State Street Corporation 2% 2% 1% | 5% -1% 6% | 0% -11% 5%
American Express Co. -12%  -13% 20% | -T% -10%  20% | -10%  -12%  17%
Fifth Third Bancorp 2% -719% 0% | 1% - - 19% - -
KeyCorp 6% -131% 0% | -1% - - 5% - -

Table 4: Under each date, the first column is the debt overhang cost as a percentage of the
increase in assets with no CoCos. The second column quotes the same value when 10% of debt
is replaced with CoCos and CoCo investors receive 50% of equity at conversion. The third
column is the distance to conversion as the percentage of assets. The dates correspond to one
month before announcement and final approval of acquisition of Bear Stearns by JPMorgan
and one month before the Lehman bankruptcy. A table entry is blank if the corresponding date
is later than the CoCo conversion date for the corresponding bank.
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The magnitudes of the quantities reported in these tables and figures are subject to the
many limitations and simplifications of our model and calibration. We see these results as
providing a useful additional perspective on the comparative statics of earlier sections of the
paper; the directional effects and the comparisons over time should be more informative than
the precise numerical values. These calibrations and our exploration of counterfactual scenarios,
though hypothetical, shed light on how CoCo issuance in advance of the financial crisis might
have affected loss absorption capacity, incentives for additional equity investment, and how the

choice of conversion trigger and dilution ratio might have determined the timing of conversion.

8 Concluding Remarks

The key contribution of this paper lies in combining endogenous default, debt rollover, and
jumps and diffusion in income and asset value to analyze the incentive effects of contingent
convertibles and bail-in debt. Through debt rollover, shareholders capture some of the benefits
(in the form of lower bankruptcy costs) from reduced asset riskiness and lower leverage —
benefits that would otherwise accrue solely to creditors. These features shape many of the
incentives we consider, as do the tax treatment of CoCos and tail risk. The phenomenon of
debt-induced collapse, which is observable only when CoCos are combined with endogenous
default, points to the need to set the conversion trigger sufficiently high so that conversion
unambiguously precedes bankruptcy. Our calibrations suggest that CoCos could have had a
significant impact on the largest U.S. bank holding companies in the lead up to the financial
crisis.

Our analysis does not include asymmetric information, nor does it directly incorporate
agency issues; both considerations are potentially relevant to the incentives questions we in-
vestigate. Some important practical considerations, such as the size of the investor base for
CoCos, the behavior of stock and bond prices near the trigger, and the complexity of these
instruments are also outside the model. The analysis provided here should nevertheless help in-
form the discussion of the merits and potential shortcomings of CoCos and other hybrid capital

instruments.
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A Dynamic Structural Models and Bank Capital Structure

Our analysis builds on the capital structure model of Leland [26] and Leland and Toft [27], as
extended by Chen and Kou [9] to include jumps. These models were developed for general firms
and not specifically for financial firms, so here we discuss their application to banks. Recent
work applying the Leland [26] framework and its extensions to financial firms includes Auh
and Sundaresan [3], Diamond and He [12], Harding, Liang, and Ross [19], He and Xiong [20],
and Sundaresan and Wang [39]. Albul et al. [1] use the Leland [26] model in their analysis of
contingent convertible debt, as does the Bank of England in its analysis (Murphy, Walsh, and
Willison [31]). The models of Hilscher and Raviv [21], Koziol and Lawrenz [25], and Pennacchi
[35] may be viewed as extensions of Merton [30] rather than Leland [26] in the sense that they
treat default exogenously. In the remainder of this section, we discuss special features of the

banking context and how they are addressed within our framework.

Deposit insurance. Deposit insurance differentiates one of the most important sources of bank
funding from funding available to nonfinancial firms. In our model, we can interpret P; as the
face value of deposits when deposit insurance is fairly priced, as follows. Suppose for simplicity
that ¢; = r in (2.7). When it issues P; in debt, the bank collects only B(V;V;) in cash. We
have interpreted the difference as the compensation for default risk demanded by bond holders,
given that they may not receive full repayment. But we could just as well assume that the bank
issues debt at par, collecting P in cash, and then pays P; — B(V'; V},) for deposit insurance that
guarantees full repayment to depositors. The net effect for the bank (and our analysis) is the
same; see also Section 3.4. We can approximate the demand feature of bank deposits by taking
their average maturity 1/m to be small.

In an earlier version of this paper (Chen et al. [8]), we modeled deposits as a separate
category of debt, and we included an explicit insurance premium proportional to the par value
of deposits issued. This allows us to capture a possible subsidy through mispriced deposit
insurance. Here, we take the simpler approach introduced in Section 2.2 and include any such

subsidy as a funding benefit.

Liquidity value of deposits. Deposits are not simply a source of funding for a bank — they are
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also an important service to its customers. Customers value the safety and ready availability
of bank deposits and are willing to pay (or accept a lower interest rate) for this convenience.
As discussed in Section 2.2, we model this effect as a funding benefit. Similar approaches are

used in DeAngelo and Stulz [10] and Sundaresan and Wang [39].

Capital structure tradeoffs. In the Leland [26] model, a firm’s optimal debt level is driven by
the tradeoff between the tax benefit of debt and bankruptcy costs. Tax deductibility takes
on added importance with the inclusion of CoCos, which have tax-deductible coupons in some
jurisdictions but not others. The difference appears to be an important factor in explaining the
widespread issuance of CoCos by banks in Europe and Japan but not the United States. Our
model captures this distinction through different values of k;, ¢ = 1,2, for straight debt and
CoCos.

As explained above, the mechanism we use for the tax benefit also captures subsidized
deposit insurance and the liquidity value of deposits, leading to a richer set of features that
makes Leland’s tradeoff more interesting for banks, not less. In a very different setting, Allen,
Carletti, and Marquez [2] develop a model of bank capital structure in which equity reduces
bankruptcy costs but is more costly because of market segmentation: equity investors have
outside options but depositors do not. This effect is once again reflected in our setting through

k1, which reflects the benefits of deposit financing.

Default endogeneity. We view this element of the Leland [26] model as the most important
feature for our analysis: we cannot hope to study the incentive effects of CoCos without first
modeling the optimal decision of shareholders to keep the firm operating. Endogenous default
captures the shareholders’ option to close the firm or keep it running. In applying the model
to a large bank, we interpret this decision as reflecting the bank’s continued access to equity
financing, given its debt load and its investment opportunities. The most important aspect
of endogenous default is that it determines the value of equity at all asset levels, not just at
the default boundary. The bank’s anticipated ability to operate following a decline in assets

determines the value of its equity at higher asset levels.

Regulatory capital requirements. Banks face regulatory capital requirements that influence
their capital structure in ways that do not affect nonfinancial firms. These constraints would
be important in analyzing optimal capital structure, an issue we do not address. Our analysis
compares changes in the levels of different debt levels, but these debt levels could be the result

of capital requirements.

Asset dynamics. Geometric Brownian motion is a rough approximation to asset value for any
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firm. But it is a more plausible approximation for the assets of a bank than a nonfinancial
firm. The main deficiency of the model in studying bank risk is the absence of jumps, and this

deficiency is resolved by the Chen-Kou [9] model.

Stationary capital structure. The framework of continuous debt rollover we use, extending
Leland and Toft [27], is particularly well suited for a financial firm rather than a nonfinancial
firm. It leads to qualitatively different results than a model with a single debt maturity, whether
finite or infinite: the costs of debt rollover allow shareholders to benefit from reducing default
risk and thus mitigate debt overhang. The stationarity of the model — the debt outstanding
remains constant — provides tractability. Diamond and He [12, p.736, p.747, p.750] argue that
this type of model, with a constant refinancing rate, is particularly appropriate for financial
firms. A drawback of the stationary capital structure is that it leads to shrinking leverage as
the firm’s assets grow. In the setting of Theorem 1, increasing the level of debt at a higher

asset level would only add to the possibility of debt-induced collapse.

Secured debt. Many types of firms issue secured debt; for financial firms, it often takes the form
of repurchase agreements. Auh and Sundaresan [3] and Sundaresan and Wang [39] develop
extensions of Leland [26] to combine secured and unsecured debt, with particular focus on
banks. Interestingly, they show that a bank will optimally set its level of secured debt in such
a way that the endogenous default boundary is unaffected. This suggests that for purposes
of determining the default boundary, one may omit secured debt. Holding fixed the default
boundary and the total amount of senior debt, CoCo valuation is unaffected by the composition

of the types of senior debt.

B Proofs for Section 2
B.1 Optimal Default Barrier Without CoCos
Chen and Kou [9] have shown that for a firm with only straight debt Pj, the optimal default
barrier is VbPC = Pie1, with with
c1+m Kic1

TFm Lr+m V2 r+m T T VL2 n+1
(1 =a)(vr + V(2 + ) + a(ipm + D(O2r4m +1) 1

€1 =

(B.1)

where —v; , > —1n > —7 , are the two negative roots of the equation

(s L oM 1o o o)
G(a:)—(r J 50 )\(n+1 1))—1—2035 +A e 1)=p.

44



A similar argument shows that the constant €5 that we need for Vl')'\‘C is given by

+
cﬁ+n?71,r+m72,r+m - H27,02 Y1,rV2,r n+1

(1—a)(m,r+ 12, +1) +a(vipem + 1) (2pem +1) 71

€9 =

B.2 Proof of Theorem 1

We will use the following lemma:

Lemma 1. IfV;P¢ <V, < VNC and EBC(V; V,PC) > 0 for all V € (V,, V}NO), then EBC(V; V,PC) >
ENC(V; VNC) >0 for all V.

Proof of Lemma 1. For V < V., we have EBC(V;V,P¢) = EPC(V;VPC), by definition, and
EPC(V;ViPC) > 0 because V€ is the optimal default barrier for the post-conversion firm and
thus preserves limited liability for the post-conversion firm. Combining this with the hypothesis
in the lemma yields EB¢(V;V,F€) > 0 for all V< NC. But for V < VN ENC(V; yNC) = 0,
so the conclusion of the lemma holds for all V' < VE)NC.

Now consider V' > VbNC. The value of equity before conversion is the difference between

firm value and debt value and is given explicitly by

EBC(V; VP = V- (1 - )ER[V,,e ™)
P P.
Pty oy Pty
-P <C1 + m> EQ[l — e_(r+m)Tb] - <62 ha m) EQ[l - 6_(T+m)TC]
r+m r+m
—aBQ[V;, ) - B _pop-emregec(y yPe) (B
12 1+ AP, Terth

Similarly, if we let Tl!\lc denote the first time V is at or below VbNC, we have

BNV ) = V= (1= ) B Ve

i (Iilclpl + KQCQPQ)EQH . e*rTl';\lc]
T

B {P1 (q +m) P (cg +m>}EQ[1 e rrmn)
r+m T+m

NC

—a]EQ[VTg;ce_(T+m)Tb ]. (B.4)

Note the fact that that e7"™ < e and Vi < VT_ZI)\IC. We then have

NC

]E[(VT;\lceiTTIL\‘C . VTbe—rTb)(l _ e mT, )] > 0.
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Using this inequality and taking the difference between (B.3) and (B.4), we get
EPC(V; ViF6) — ENC(V; 1Y)
> EBC(V; V},PC) o ENC(V; V;)NC) - (1 - OZ)E[(V;I!\JCG_TT;?\‘C . V:rbe—r’rb)(l _ 6—mq—l'7\lc)]

_ _(1 o CM)EQ[VTbe_TTb_mT’L\IC} + EQ[VTZI)\ICE_(T—’_m)T;\IC]
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+—
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-P <Cl t m) ]EQ[S—(THR)%NC — e (rtmn] _ p, <C2 i m) EQ[S—(T-&-W)ENC — e~ (rm)7e]
r+m r+m
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On the other hand, we know that EBC(V; V})PC) >0forall V< %NC, so it follows that

—aEC[V,, e EQfe "+ BP(V, PO, (B.5)

]EQ |:67(T+M)TI')\‘CEBC(VTI§\IC; VE)PC)] > 0.

Recall that the expectations here and in (B.3) and (B.4) are conditional expectations given the
current time t and value V; = V| though we have suppressed the conditioning to simplify the
notation. To make the conditioning explicit, let EQ[~\VT£|c] denote the expectation conditioned

onV = VTch. Substituting (B.3) for EBC, evaluated at V = VTl!uc and t = Tg\lc yields

0 <E®
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The right side of (B.6) simplifies to
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which is less than or equal to the right side of (B.5) because e~mT < 1. We have thus shown

that EBC(V;V,FC) > ENC(V; UNC) > 0 for V > VNC and thus for all V. O

We now turn to the proof of the theorem. The post-conversion (PC) firm and the no-
conversion (NC) firm have only straight debt, but the NC firm has more debt, so VbPC < V;NC,
and the inequality is strict if P, > 0. (If P, = 0, the result holds trivially.) We distinguish

three cases based on the position of the conversion trigger relative to these default barriers.

Case 1: %PC <V, < %NC. For all barrier choices V4, with V;, < V., conversion precedes
default,'? and the only choice among those that satisfies the commitment condition is prc. For
all feasible barrier choices V;, > V., default precedes conversion, so EB¢(V;V;) = ENC(V;13),
and the optimal choice among such barriers is VbNC. Thus, these are the only two candidates
for the optimal barrier level. If Vfc is consistent with limited liability for the BC firm, then
Lemma 1 implies that EBC(V;V;PC) > ENC(V; YNC) = EBC(V; VNO), for all V. Thus, V;* =

prc if VbPC is feasible, and otherwise V}* = VbNC.

Case 2: V. < ViF€. For Vj, < V€, it follows from Chen and Kou [9] that the equity valuation
V — EPS(V;V}) violates limited liability, so no Vj, < V, is feasible in this case. For all V, > V.,
we have EBC(V;V},) = ENC(V;V}), so the optimal choice is VbNC.

Case 3: V})NC < V.. If default precedes conversion, equity value is given by £ NC(V; Vp). For each
V, this is a decreasing function of V, for V4 > V})NC; thus, no V3 > V. can be optimal. Among
barriers V;, < V. for which conversion precedes default, only VbPC satisfies the commitment
condition. Thus, we need to compare the default barriers V;)PC and V., with default preceding
conversion in the latter case. The argument in Lemma 1 now applies directly, replacing Tl!\lc
with 7., and shows that EBC(V;V,F¢) > ENC(V;1,), for all V' > V.. The inequality is strict at

V = V,, so the optimal barrier is VbPC. O

B.3 Proof of Theorem 2

Set P, = V./e1. If P, = 0 (so that the firm has only straight debt), then the optimal default
barrier is V;* = Pre;. Thus, V' <V, if P < Py, and Vi > Ve if P > Py, which confirms that
P is indeed the critical debt level in the absence of CoCos.

Now suppose P; < P; and P, > 0. From Theorem 1, we know that debt-induced collapse

occurs when setting the default barrier at prC is infeasible because it violates limited liability;

2Recall our convention that when we write V; < V., the order of events at V;, = V. is taken to be consistent
with V, < V¢, and when we write V;, > V. the opposite order of events is assumed.
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that is, when EBC(V;V,P€) < 0 for some V > V.. For any V > V., we have

AP
EBC V.vPC - gPC V'VPC PA— P B — 72M B.7
( s Vb ) ( sy Vb ) + 2 2 1+ APQ R ( )
where
A= K‘/QCEEQ [1 _ e*TTc] 7 B = (Wn> EQ [1 - e*(v"er)TC
r m+4r
and

M = BQ [e=(tm7 BPC(V, VP | > 0.

Here, A gives the normalized value of the funding benefits from CoCos, and B is the normalized
value of the coupons and principal for the CoCos. Each of these (and M) is a function of the
current asset level V', though we suppress this dependence in the notation.

Suppose A < B. This means that the funding benefit received is less than the value of the
payments made on the debt, as we would expect in practice. In this case, the right side of (B.7)
is decreasing continuously and without bound as P, increases. We may therefore define P} to

be the smallest P at which (B.7) equals zero and then set
Py =inf{P) : V > V.}.

If P, > P, then Py > PQV for some V' > V., and then EBC(V;VbPC) < 0 for some V > V,, so
limited liability fails, VbPC is infeasible, and we have debt-induced collapse. If P, < P, then
Py < PY for all V >V, and EB(V;V;P€) > 0, so V[PC is feasible and then optimal.

For the alternative case A < B, it is not hard to see that EFC(V;V,F¢) > M, so (B.7)

remains positive at all P, > 0, and the result holds with P, = co. O

C The Extended Model

The extended model used in the numerical illustrations of Sections 4-7 extends (2.1) and (2.2)
to allow two types of jumps — firm-specific jumps and market-wide jumps, with respective
arrival rates Ay and A, and mean jump sizes 1y and 7,,. In both cases, the jump sizes are
exponentially distributed and decrease asset value. The extended model also allows more layers
of debt: deposits (with or without insurance), ordinary debt, subordinated debt, and CoCos,
in decreasing seniority. The multiple layers can be valued using the approach in Section 2.3.
All parts of the capital structure can be valued in terms of transforms of 7, and 7., and these
transforms can be expressed in terms of roots of an equation; see Chen et al. [8] for details.
Table 5 shows parameter values for the numerical examples. The subscripts la, 1b, and 1lc

distinguish the three layers of non-convertible debt.
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Parameter Value
initial asset value Vo | 100

debt principal (Pia, P, P1c) | (40,30,15)
risk free rate r | 6%
volatility o | 8%
payout rate 0| 1%
funding benefit k| 35%

firm specific jump intensity Ar | 2

market jump intensity Am | 05

firm specific jump exponent ny | 4

market jump exponent Mm | 3

coupon rates (C1as C1b, Cles c2) | (ryr + 3%, r + 3%, 1)
deposits insurance premium rate o | 1%
contingent capital principal P, |lorb

(Mm1g, M1p, Mic, M2)
(mla: mip, Mic, m2)

maturity profile exponent — base case
maturity profile exponent — long maturity

conversion trigger Ve
conversion loss (if applied)

(1,1/4,1/4,1/4)
(1,1/16,1/16,1/16)
or (1,1/25,1/25,1/25)
75 (in most cases)
20% of value of shares

Table 5: Parameters for extended model. Asset returns have a total volatility (combining jumps
and diffusion) of 20.6% and overall drift rate of 3.3%. In the base case, the number of shares
A issued at conversion is set such that if conversion happens at exactly V., the market value of

shares delivered is the same as the face value of the converted debt.
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