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Abstract

In this paper, we analyze the effect of the conversion price of CoCo bonds on
equity holders’ incentives. First, we use an option-pricing context to show that
CoCo bonds can magnify equity holders’ incentives to increase the riskiness of assets
and decrease incentives to raise new equity in a crisis in cases in which conversion
transfers wealth from CoCo bond holders to equity holders. Second, we present a
clinical study of the CoCo bonds issued so far. We show that i) almost all existing
CoCo bonds are designed in a way that implies a wealth transfer from CoCo bond
holders to equity holders at conversion and ii) this contractual design is reflected in
traded prices of CoCo bonds. In particular, CoCo bonds are short volatility with a
magnitude five times greater than that which can be observed for straight bonds.
These results are robust and economically significant. We conclude that the CoCo
bonds issued so far can create perverse incentives for banks’ equity holders.
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1 Introduction

Contingent convertible capital (CoCo bonds) has been proposed as an instrument to
strengthen the resilience of the financial system and to prevent a taxpayer funded bailout
of financial institutions. CoCo bonds are debt instruments which automatically convert
into equity in cases of financial distress of a single bank and /or the whole financial system.
The trigger event is usually defined through the use of a preset regulatory capital ratio
(such as the core Tier 1 ratio) falling below a prespecified threshold. Upon conversion,
CoCo bond holders receive either a number of shares that is predetermined or that is based
on the share price before conversion. The key appeal of CoCo bonds is therefore that it
provides an additional source of equity under conditions of distress when other options of
raising capital may be extremely costly.! CoCo bonds were initially proposed by Flannery
(2002). They recently received considerable attention as potential instruments to ease the
impact of future financial crises. Ben Bernanke and Timothy Geithner argued in testimony
delivered to Congress in April 2010 that contingent capital can act as a shock absorber that
“can be used in a crisis to create more capital” (Geithner (2010)). Contingent capital
has also been proposed by the Squam Lake Working Group on Financial Regulation,
a group of 15 distinguished academics, to be a way of stabilizing large, systemically
important financial institutions. Regulatory proposals have been put forward by the Bank
for International Settlements (BCBS (2010)), the European Banking Authority (EBA
(2011)) as well as the regulatory body in Switzerland.? Moreover, fourteen European
banks already issued CoCo bonds whose total value comes to more than USD 60 billion.
If converted, these bonds would increase the capital ratios of these banks by an average
of approximately 1 percentage point.

The appeal of providing additional equity capital in times of distress is easy to under-
stand. CoCo bonds do, however, also have an impact on banks’ ex ante incentives. This
paper makes two main contributions to the discussion on this topic. First, we analyze the

effect of the conversion price of CoCo bonds on equity holders’ incentives in a structural

In particular, equity issuances may themselves be viewed as revealing bad news about the bank, cf.
Myers and Majluf (1984), Duffie (2010), and Calomiris and Herring (2013).

2The Swiss parliament amended the banking law in 2011 in order to allow banks to have CoCo bonds
recognized as part of their regulatory capital.



model of default. Second, we empirically analyze the incentive effects of recent CoCo
bond issuances.

We start by analyzing a first-passage time framework in which default and conver-
sion are triggerd by the asset value falling below a prespecified threshold. Standard
first-passage time structural models assume that asset values are perfectly observable.
However, the measurement of assets can be problematic, in particular for banks and in
particular during times of crisis.®> We therefore extend our analysis to a model featuring
uncertainty about today’s asset value, thereby building upon the model of Duffie and
Lando (2001). Conversion and default are triggered by the asset value falling below a pre-
specified threshold. While regulators know the true asset value and will force conversion
or default once the threshold is reached, outside equityholders, debtholders, and CoCo
bond holders have only imperfect information about the true asset value. The decision
about bank viability is frequently decided by regulators. We believe therefore that such
a set-up closely mirrors reality.

We show that CoCo bonds exacerbate the asset substitution and debt overhang prob-
lem in cases in which the conversion price is set too high, i.e. the number of shares that
the CoCo bond holders receive upon conversion is very low. With a high conversion price
a wealth transfer from CoCo bond holders to equity holders takes place at the time of con-
version. Roughly speaking, equity holders have to bear the initial losses up to an amount
of X. They can impose part of the losses on CoCo bond holders once losses exceed X.
Equity holders are therefore better off when being directly below the trigger point rather
than being directly above the trigger point. They fully participate in any increases in
asset value, while they can impose part of the losses in case of a decrease in asset value.
This payoff profile induces destabilizing effects: Bank owners have an increased incentive
to take excessive risks if the level of risk is non-contractible (asset substitution) and they
have a disincentive to raise new equity in a crisis (debt overhang).

We continue by empirically analyzing both the contract design and the pricing of recent
CoCo bond issuances. We show that i) all recent CoCo bond issuances use regulatory

ratios to trigger conversion, ii) almost all (23 out of 24) issuances have a conversion price

3Indeed, the main models about the existence of intermediaries crucially depend upon this assumption,
cf. for example Diamond (1984).



that induces a wealth transfer from CoCo bond holders to equity holders upon conversion.
This mechanism is also reflected in traded prices. CoCo bond holders are significantly
short volatility. The magnitude of this negative vega position is far beyond the levels that
can be observed for straight bonds. In the case of the Lloyds’ CoCo bond issuance we find
that the sensitivity of CoCo bond prices to changes in the volatility is five times larger
than the respective sensitivity of straight Lloyds bonds with the same maturity.

In the final part of the paper, we discuss several potential explanations for the reasons
why market participants have settled on such a design (regulatory trigger and wealth
transfer to equity holders upon conversion, with a focus on the latter). Possible explana-
tions range from naive/behavioral motives (perceived threat of dilution, regulators fixated
on CoCo bonds absorbing losses), rational explanations (tax deductibility, change of con-
trol costs), and institutional and legal frictions (limitations placed on debt investors to
hold shares, preference of non-listed banks to use write-down features) to agency-based
explanations (managerial risk aversion) and others (provide incentives for prompt loss
recognition and disincentives for evergreening of loans). Against the background of lim-
ited empirical data, we do not aim to single out one specific explanation. Rather, we want
to highlight a simple fact. The great majority of CoCo bond issuances so far is based on
regulatory triggers and the design induces a wealth transfer from CoCo bond holders to
equity holders upon conversion. We argue that the incentives created by this design do
not seem to be in the interest of financial stability.

This paper encompasses three areas of research. First, we draw upon the theoretical
literature on the link between capital structure and equity holders’ incentives. This link
was initially established by Jensen and Meckling (1976) and Myers (1977). According to
Jensen and Meckling (1976) equity holders of a levered firm have an incentive to increase
risk. This is because they effectively hold a call option on the company’s assets (asset
substitution problem). The asset substitution problem therefore predicts excessive risk-
taking in the financial sector and gambling for resurrection in times of a financial crisis
(Dewatripont and Tirole (1994)). Myers (1977) has stressed the underinvestment, or
debt overhang, problem of firms that are highly levered. A high leverage discourages the

firm from issuing new equity. This is because more equity capital increases the value of



debt, and thus issuing new equity effectively constitutes a transfer of wealth from initial
equityholders to debtholders.

Second, there exists a large body of empirical literature on the role of bank incentives
in financial crises. Empirical evidence substantiates the existence of the asset substitution
problem (Stromberg, Chesney, and Wagner (2010), Fahlenbrach and Stulz (2011), Bel-
tratti and Stulz (2012), Kose, Saunders, and Senbet (2000), Esty (1998), Pontell (2005),
and Fukuda, Kasuya, and Nakajima (2006)) as well the debt overhang problem (Bernanke,
Lown, and Friedmann (1991), Peek and Rosengren (1995), Hancock, Laing, and Wilcox
(1995) for the U.S. and Watanabe (2007) for Japan). These empirical results suggest that
incentives do have a first-order consequence for decision making, and wrong incentives
did play an important role in previous financial crises.

Third, our paper builds upon the growing literature on contingent capital. First
proposed by Flannery (2002), the idea of contingent capital has since been advocated by
several authors (Duffie (2010) and Squam Lake Working Group on Financial Regulation
(2009)). Several papers derive valuation formulae for contingent capital instruments and
discuss key design issues (Pennacchi, Vermaelen, and Wolff (2012), Glasserman and Nouri
(2012a), Albul, Jaffee, and Tchistyi (2010), Sundaresan and Wang (2010), Posner (2010),
Pennacchi (2011)). Sundaresan and Wang (2010) show that in cases in which conversion
is triggered by market values falling below a certain threshold, CoCo bonds generally do
not lead to a unique equilibrium for equity and CoCo bond prices. Multiple equilibria can
cause problems because market participants might try to manipulate prices to achieve the
optimal equilibrium for their holdings (Hillion and Vermaelen (2004)).* Glasserman and
Nouri (2012b) show that the possibility of multiple equilibria can be ruled out in cases in
which the triggering security is continuously traded and the conversion price is sufficiently
low. Pennacchi, Vermaelen, and Wolff (2012) have proposed a new form of contingent
capital, labelled Call Option Enhanced Reverse Convertibles (COERCs), which eliminate
concerns about a loss spiral. The authors also analyze the effect of COERCs on risk-taking

incentives. Calomiris and Herring (2013) provide a similar design feature which allows

4Davis, Korenok, and Prescott (2011) were the first to analyze market-based triggers in an experimen-
tal set-up. They find that, consistent with theory, triggers based on market prices can lead to allocative
inefficiencies.



for market-based triggers and still preserves a unique equilibrium. Flannery (2009) also
notes that ”"we must take care that the conversion process does not influence managers
to behave in a counter-productive way”. This acknowledges the two-sided effects on
banks: First, CoCo bonds can help recapitalizing a bank in times of distress. Second,
the existence of CoCo bonds themselves can possibly change the way managers behave
even before conversion. Flannery (2002, 2009), Maes and Schoutens (2010), Coffee (2010)
and Hilscher and Raviv (2011) all recognize that the resulting bank managers’ incentives
should be taken into account. Coffee (2010) thereby proposes that CoCo bonds should
not convert to equity, but to preferred stock with cumulative dividends and voting rights.
Thereby a class of shareholders is created which is rationally risk averse. Hilscher and
Raviv (2011) show that appropriately designed CoCo bonds are able to cancel out adverse
effects of equity-based compensation. Finally, Koziol and Lawrenz (2012) were the first
to point out to the asset substitution problem associated with contingent capital when
managers endogenously chose the optimal level of contingent capital.

This paper is structured as follows. In Section 2 we explain the driving factors behind
our model with a simple case in a single-period set-up. In Section 3 we develop general
results in a continuous time Duffie-Lando-type model. In Section 4 we analyze in-depth
the CoCo bonds that have been issued so far. Section 5 presents reasons why the CoCo
bonds issued so far have been based on regulatory ratios, and why they imply a transfer of

wealth from CoCo bond holders to equity holders upon conversion. Section 6 concludes.

2 A simple example

For illustrative purposes we start with a simple example, which is depicted in Table 1.
A bank whose assets are worth 100 has straight debt of 80, contingent capital of 10
and equity of 10. The contingent capital converts to equity in cases in which the ratio
of equity to assets falls below 5%. Conversion is therefore triggered when losses of 5
have been accumulated. We further assume that, upon conversion, contingent capital
holders receive newly issued shares in an amount equal to the pre-conversion number of

outstanding shares (Panel A of Table 1). Thus, contingent capital holders own 50% of



the outstanding shares after conversion.

In this set-up the bank’s equity holders fully bear the first losses up to 5 — € (see
columns (1) - (4) in Panel A of Table 1). Once losses exceed 5 (column (5) - (7) in Panel
A of Table 1), they can impose part of these losses on contingent capital holders. Equity
holders are therefore better off with losses of 5 + ¢ (of which they can impose half on
contingent capital holders) than with losses of 5 — € (which they have to bear fully on
their own). For example, the payoff to equity holders for an asset value of 94 is 7 (see
column (6) in Panel A of Table 1), while it is only 6 for an asset value of 96 (see column
(3) in Panel A of 1).

We define the wealth transfer WT' to be the difference between i) the notional value
of the CoCo bond and ii) the value of the shares that CoCo bond holders receive upon
conversion:

WT = Ncoco — %SharesCoCo - MCapQConversion, (1)

where WT denotes the wealth transfer, Nooc, the notional of the CoCo bonds, %SharesCoCo
the percentage of outstanding shares owned by the CoCo bond holders after conversion
and M Cap@Conversion denotes the market capitalization directly after conversion has
taken place.

In our example, the wealth transfer at conversion from CoCo bond holders to equity
holders is equal to WT = 10—50%-15 = 2.5. The wealth transfer is equal to the difference
in payoff to equityholders just above the trigger point (losses of 5 — ¢, equity value is 5+¢,
see column (4) in Table 1) versus just below the trigger point (losses of 5+ ¢, equity value
is 7.5 — €/2, see column (5) in Table 1). A wealth transfer from CoCo bond holders to
equity holders means that equity holders are better off with an asset value slightly below
the trigger than with asset values slightly above the trigger.

What does the positive wealth transfer from CoCo bond holders to equity holders imply
for the incentives of equity holders immediately prior to the triggering of conversion? The
first effect is that equity holders are given a strong incentive to increase the riskiness of
the bank’s assets. With losses of 5 — ¢, both a gain of 1 and a loss of 1 will improve the

payoff to equity holders. The second effect is that the equity holders now have a marked



disincentive to raise new equity. Raising equity would push them further away from the
conversion threshold. This would therefore decrease the likelihood that they can impose
part of the losses on contingent capital holders.

More generally, for any convex payoff function f(Vr) of the asset value Vi at time
T and a mean-preserving spread €, we can apply the law of iterated expectations and
Jensens’s inequality:

Elf(Vr +€)] > E[f(Vr)]. (2)

Therefore equity holders have an incentive to increase the riskiness of their assets whenever
the payoff function is convex in Vr (sufficient condition). In a simple Merton (1974) set-
up, the payoff to equity holders, f(V7) = max(Vy — D,0), where D denotes the notional
value of debt, is clearly a convex function of Vy. Equity holders are thus exposed to an
incentive to increase the riskiness of assets.

So, does contingent capital increase risk-taking incentives for equity holders? The
answer to this question crucially depends on the conversion price and the wealth transfer
that this conversion price implies. A wealth transfer from CoCo bond holders to equity
holders at the trigger point means that equity holders are better off for an asset value
slightly below the trigger point than for an asset value slightly above the trigger point.
They thus prefer to add a mean-preserving spread whenever the current asset value is
above the trigger point. The opposite holds for a CoCo bond that implies a wealth
transfer from equity holders to CoCo bond holders. A simple example of this opposite
case — with a wealth transfer from equity holders to CoCo bond holders at conversion —
is depicted in Panel B of Table 1, in which CoCo bond holders receive all outstanding

shares upon conversion.

3 Theoretical model

3.1 Model set-up and objective function

In this section, we formulate our model set-up and the equity holders’ objective function.



3.1.1 Model set-up

To analyze the incentives from contingent capital we use a structural model of default.
Thus, our model set-up consists of three elements: First, an assumption on the asset value
process. Second, an assumption on the contract design of deposits and contingent capital
(including the definition of when conversion and default occurs). Third, an assumption
on equity holders’ strategies, i.e. the variables that are endogenous in our model.

Before we formally define these elements, we want to highlight the key assumption
that distinguishes our analysis from the previous literature on contingent capital. Our
key assumption is that the current asset value can only be observed with noise.> This
assumption was first introduced by Duffie and Lando (2001). In their model, the cur-
rent asset value is a random variable — as opposed to being a fixed number — as it is
usually assumed in structural models of default. This assumption is motivated by a sim-
ple observation: banks with observable asset values are a contradiction in terms. The
very existence of banks is often accounted for by the existence of asymmetric information
between borrowers and lenders, and the resulting need for screening and monitoring of
borrowers (Diamond and Dybvig (1983), Diamond (1984)). The assumption of observable
asset values is incompatible with this theoretical foundation of financial intermediaries.
The assumption of unobservable asset values has two important implications. First, as ar-
gued above, the assumption is a better reflection of reality than the standard assumption
of observable asset values. Second, the assumption provides an endogenous explanation
of some of the stylized facts we observe in reality. For example, unobservable asset values
can cause jumps in the value of debt and equity even when the full-information asset value

follows a continuous process.® The following paragraph sets out our main assumptions in

°In a related idea, Pennacchi, Vermaelen, and Wolff (2012) extend their COERC-model to encompass
mean-reverting deviations of market prices from fundamentals. Our model contains two notable differ-
ences: First, we create a model explicitly featuring a two-tiered information structure (we assume that
regulators have more information about the true asset value than outside investors). Second, we explic-
itly model information revelation. In particular investors can learn about the true asset value both by
receiving a signal about the true asset value and when certain triggers (conversion, default) are hit. This
assumption leads to jumps in the value of contingent claims on the asset value (equity, debt, contingent
capital), despite the full-information asset value following a continuous process. Pennacchi, Vermaelen,
and Wolff (2012) also allow for jumps by exogenously introducing a jump-component to the asset value
process.

6A typical feature is the fact that models with unobservable asset values can produce a ”jump-to-
default” behavior and are therefore consistent with reduced-form pricing models (Duffie and Lando
(2001)).



more detail:

Assumption 3.1 (Model set-up)

1. (Asset value process) Under the risk-neutral measure, asset values before deposit
interest payments are assumed to follow a geometric Brownian dV; = rV,dt+ o V,dB;
motion with a risk-neutral drift v, volatility o and an initial asset value of Vg in
t =0. After a time of s, investors receive a signal about the true asset value. Thus,
the current asset value Vi in t = s cannot be observed directly. Instead investors
receive a noisy observation Vs with log(Vy) = log(V.) + U(s) where U is normally
distributed with mean E(U) = 0 and standard deviation o(U) = «. The term
"investors” refers to both outside equity holders and CoCo bond holders, i.e. both

have the same information.

2. (Deposit) The bank has deposits with a constant notional of Npeposits- Deposits have

an instantaneous maturity and pay the risk-free rate r.

3. (CoCo bonds) CoCo bonds are assumed to be zero coupon bonds with a maturity T
and a notional of Ncoco.” Conversion of the CoCo bonds takes place when the asset
value V; falls below a certain threshold TP ("trigger point”) during the maturity
of the CoCo bond (first-passage time framework). We consider four benchmark
cases for the conversion price. We label these ”Convert-to-Steal”, ”Convert-to-

Surrender”, ”Convert-to-Par” and "No CoCo bond”:3
e (Convert-to-Steal-Type: Upon conversion being triggered, CoCo bond holders
are wiped out and equity holders keep 100% of the equity claim.

o (Convert-to-Surrender-Type: Upon conversion being triggered, equity holders

are wiped out and CoCo bond holders receive 100% of the equity claim.

"The market value of the CoCo bond will differ from the notional value. This is due to i) discounting
and ii) the conversion feature of the CoCo bond. In our empirical analysis, we will set the interest rate
to 0%, so that discounting does not have an effect on the CoCo bond. However, the market value of the
the CoCo bond will differ depending on the conversion terms.

8Tn terms of the conversion price, Convert-to-Steal represents a conversion price of infinity, Convert-
to-Surrender represents a conversion price of zero and Convert-to-Par represents a conversion price equal
to the market price at the time of conversion.



o Conwvert-to-Par-Type: Upon conversion being triggered, CoCo bond holders re-
ceive a fraction Neoco/(TP — Npeposits), o that, at conversion, the value of

the shares they receive is equal to the notional value of the CoCo bonds.

e No CoCo bonds: Non-convertible subordinated debt is issued instead of CoCo
bonds. The subordinated debt comes in the form of zero coupon bonds with a

notional of NsubBond-

We assume that payoffs take place at the time of conversion, default, or maturity.
The contract design, including the level of the trigger point, are common knowledge

among all market participants.

4. (Default event) Default occurs when the asset value V; falls below the notional value
of deposits prior to the maturity T'. In that case, equity holders and CoCo bond
holders are fully wiped out. In the case of subordinated bonds (instead of CoCo
bonds), default occurs when the asset value V; falls below the notional value of the

deposits plus the notional value of subordinated debt.

Assumption 1 is taken directly from Duffie and Lando (2001). It allows us to derive the
density of the asset value V; conditional on the information filtration available to investors,
ie. Ho=o0 ({VO, V., 1w :0<t < 3}) Here, 7 = inf {t : V, < TP} is the first time that
the asset value falls below the trigger level T'P. Intuitively, investors have three pieces
of information: First, the noisy observation V. Second, the starting value Vj at ¢ = 0.
Third, the fact that no conversion or default has taken place between t = 0 and t = s (i.e.
investors cannot observe the asset value, but they can observe default or conversion). We
reproduce the conditional density of the current asset value V, f(z|Vj, VS, s), in Appendix
A. This conditional density has a support of (TP, o], i.e. the density is zero for asset
values Vi < T'P. Setting the asset value uncertainty to zero (o = 0) results in a standard
Black-Cox-framework (Black and Cox (1976)).

A few points are worth noting here. First, in assumption 1, we assume that all outside
investors, i.e. outside equity holders and CoCo bond holders, have the same information.
We believe that this assumption best describes the situation for large banks whose equity is

widely held, where outside equity holders are unlikely to have an informational advantage

10



over debt investors. This assumption requires us to discuss how conversion or default
will actually be triggered once the true asset value V; hits the trigger point or the default
barrier (assumption 4). In practice, default by banks is usually triggered by regulators and
central banks. Our set-up is therefore consistent with regulators observing the true asset
value (V;) and causing conversion and default, and with the ”asset-value-as-observed-by-
investors” (‘A/;) being a noisy and unbiased estimate of V,.? We present an extended model
containing multiple noisy observations in Appendix B.°

Second, in assumption 2, we make the standard assumption of an instantaneous matu-
rity for deposits. In accordance with the empirical evidence of the ”stickiness” of deposits,
we assume that the notional of deposits is constant over time. Deposits are risk-free in
our framework because the regulator triggers default whenever the value of assets reaches
the notional of deposits and there are no bankruptcy costs. We therefore assume that
deposits earn the risk-free rate. It is mathematically straightforward to introduce flat de-
posit insurance premia, but, given the structure of our model, no such deposit insurance
is necessary.

Third, in assumption 3, we assume that conversion is triggered once the asset value
falls below a certain threshold — as opposed to models where conversion is triggered by the
market value of equity itself. We assume that the asset value evolves exogenously. Thus,
our set-up avoids problems of no equilibrium in cases in which conversion entails a wealth
transfer to equity holders (Convert-to-Steal) and in which conversion is triggered by the
market value of the bank’s equity (Glasserman and Nouri (2012b)). We also explicitly
refrain from modeling the amount of straight bonds, the amount of CoCo bonds and
the design of CoCo bonds (trigger and conversion price) as an endogenous choice based
on taxes, bankruptcy costs and implicit state guarantees. Therefore, we take the view

that banks’ amount of contingent capital as well as the amount of equity are exogenous

9Similar to Duffie and Lando (2001), we assume that regulators and inside equity holders are prohibited
from trading in equities and CoCo bonds so that information about the true asset value does not reach
the secondary market.

100ur basic model could be extended to consider a case where regulators have better information than
outside investors but still not perfect information regarding the true asset value. For example, regulators
might receive a separate noisy signal \A/;' in addition to the noisy signal investors receive. Observing both
noisy signals gives regulators more information than investors regarding the true asset value V;, but not
necessarily perfect information. Hence, regulators can mistakingly convert too early or too late. Such an
extended version would also allow to analyze the incentives of managers to increase the opaqueness of
assets. We leave this subject for future research.

11



parameters.

3.2 Payoff profile and valuation

Given model assumptions, we are now able to derive formulae for the payoff profile and

value of equity in the presence of CoCo bonds.

3.2.1 Payoff profile

The payoff to equity holders depends both on the asset value at maturity as well as on the
running minimum. In cases in which the running minimum is below the value of deposits
(Convert-to-Steal, Convert-to-Surrender, Convert-to-Par) or below the value of deposits
plus subordinated debt notional (No CoCo bonds), equity holders receive nothing. In
cases of a running minimum above the trigger point, equity holders are simply residual
claimants. In the case of intermediate running minimia, equity holders’ payoff depends on
the existence and type of contingent capital. In the following, we abstract from dividend
payments or share buybacks, so that the only payoff equity holders receive is the payoff
at maturity t = s+7. We denote the payoff to equity holders at time t as hrpy,.(t), where
Type denotes the CoCo bond type (Convert-to-Steal, Convert-to-Surrender, Convert-to-
Par, No CoCo bonds). Furthermore we denote the first time that the true asset value
process V; hits a boundary B by 7(B). We can thus write these payoffs as:

Conwvert-to-Steal case:

‘/s+T - NDeposits - NCoCo7 t=s+TA T(TP) > 5+ T’
hC—t—Steal (t) = VT(TP) - NDepositsa = T(TP> A T(TP) <s+ T (3)

0, otherwise

Convert-to-Surrender case:

‘/;+T_ND€ osits_NCoCm t:3+T/\T(TP) >5+T,
hC—t—Surr(t> - ! (4)
0, otherwise

12



Convert-to-Par:

‘/S-‘rT - NDeposits - NCoCoa t=s+ T A T(TP) > s+ Ta
hc*tfpar(t) = ‘/7'(TP) - NDeposits - NCOCO) t= T(TP) A T(TP) S s+ T (5)

0, otherwise

No CoCo bonds (ND6p+Sub = NDeposits + NSubDebt)-'

‘/s—s—T - NDeposits - NSubDebt7 t=s+TA T(NDep—i-Sub) > s+ T;
hNoC’oC’o(t) = (6)

0, otherwise

3.2.2 Valuation

The value of shareholder’s equity — as seen by outside investors — in the Black-Cox (BC)
framework (o = 0) for an asset value starting at V; in t = s can be derived using standard

risk-neutral valuation methods:

s+T
StV =82 | [ ey )

where T'ype again denotes the respective profile (Convert-to-Steal, Convert-to-Surrender,
Convert-to-par, No CoCo bonds). We emphasize the dependence on the asset value Vj
to highlight the link to the model featuring unobservable asset values. Obviously, (7)
depends on the other parameters (risk-free rate, volatility, notional values, maturity) as
well. In a Duffie-Lando (DL) framework with unobservable asset value, the equity value
can be determined as a weighted average of the Black-Cox values at different asset values
V., weighted by the density of the asset value f(x|V, Vi, s). The asset value density has
a support of [T'P, 00| so that the integral runs from TP to oo:!!

SPL (V) = / °° SEC () f(alVi, Vi 5)d ®)

Type Type

"Tn the case without CoCo bonds, the support is [NDeposits + NsubDebt 0.

13



Terms (7) and (8) can be evaluated using standard Monte Carlo simulation techniques

(Boyle (1977)).

3.2.3 Greeks

We are interested in the effect of contingent capital on two types of incentives. First, the
incentive to increase asset risk (asset substitution problem). Second, the reluctance to
provide new funds to conduct zero or positive NPV projects (debt overhang problem). As
proxies for these incentives, we use simple derivatives with respect to asset volatility (asset
substitution) and the underlying asset value (debt overhang). We derive these derivatives

numerically using a symmetric Newton quotient.

3.3 Numerical illustration

To illustrate the resulting effects we choose the following parameters:

e The asset value as estimated by investors (E[V;|H;]) is set to be 100. Furthermore,

we assume that V = V; | i.e. asset value observations by outside investors are equal

int=0andt=s.12

e The risk-free rate is set to be r = 0%. Risk-free rates are indeed close to zero at the
moment. Another motivation for this assumption is to ensure a constant leverage,
i.e. ensure that asset values and the default barrier / trigger point do not drift apart

in expectation.

e The notionals are set to0 Npeposits = 85 (straight debt) and Neoco = 5 (CoCo bond)*?
and the trigger point is set to T'P = 95. This can be interpreted as a capital ratio of

10%, an additional buffer of CoCo bonds equal to 5% of the (risk-weighted) assets

12Please note that E[V|H] # V.. As a simple example, consider the case where Vo = 95, V, = 95,
and the trigger point is TP = 95. Because investors know that conversion has not taken place yet, their
best estimate for the current asset value will certainly be higher than 95. The noisy estimate V, could
even be lower than the trigger point T P.

13Please note that the initial market values of the CoCo bond will vary depending on the conversion
terms. While it does not change the paper’s qualitative results, the different conversion policies would not
be comparing exactly equal amounts — in market value terms — of CoCo bonds. Our general conclusion
— that Convert-to-Steal and Convert-to-Surrender type CoCo bonds result in different incentives — is not
affected by this assumption. We have assumed a zero risk-free rate, so that the value of the CoCo bond
has zero drift under the risk-neutral measure.
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and a conversion of the CoCo bonds to equity once the capital ratio falls below 5%

(i.e. the assets fall below 95).1

e The maturity of the CoCo bonds (and the subordinated debt in the case without
CoCo bonds) is set to T = 5. Recently issued CoCo bonds have maturities of
approximately 10 years — meaning that their running maturities average 5 years.

We assume that deposits have an instantaneous maturity.

e For those analyses in which asset volatility is set to a fixed value, we use o = 5%.
Gropp and Heider (2010) report a mean asset volatility of 3.6% with a standard
deviation of 3.4% for a sample of banks from the U.S. and EU from 1991-2004.
During crisis periods asset volatility is likely to be higher than this unconditional

mearl.

e We use s = 0.25 (delayed observation period) and av = 2.5% (noise in the observation
of the true asset value). The values of s = 0.25 and o = 2.5% are based on the
idea that investors observe true asset values on a quarterly basis (s = 0.25) and

uncertainty is equal to one half of the annual asset volatility.!®

This parameter choice results in a risk-neutral probability that the trigger is hit of
15.82% over a one-year horizon in a Black-Cox model using a 3.6% asset volatility. It
results in a risk-neutral probability that the trigger is hit of 19.10% over a one-year horizon
in a Duffie-Lando model (using a 3.6% asset volatility, 2.5% asset value uncertainty, and
s = 0.25 (one quarter) as the delayed observation period). Real-world probabilities are
significantly lower.

Figure 1 depicts the equity value as a function of the asset volatility. Without con-
tingent capital and with Convert-to-Par type CoCo bonds, equity holders do not have

any incentives to increase the riskiness of assets. This is a result of the barrier option

14The new Basel III rules require banks to hold capital of 7-10.5% (depending on which definition
of capital is used). Banks are likely to add an additional buffer to ensure that small changes do not
directly push them below the regulatory requirements. The Swiss regulator has proposed contingent
capital requirements of up to 9% of risk weighted assets. This, in turn, is likely to be an upper limit for
negotiations outside Switzerland. The CoCo bonds issued so far specify either a trigger point of a 5%
capital ratio or a 7% capital ratio, usually based on core Tier 1 capital.

15 A more sophisticated way, one however requiring the making of further assumptions, would be to use
the dispersion of analyst forecasts to estimate the uncertainty about the NPV of the equity claim and
transform this into an equivalent uncertainty of the asset value.
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set-up and the zero risk-free rate assumption. The Convert-to-Steal-type CoCo bonds
significantly increase equity holders’ incentives to increase risk, whereas the Convert-to-
Surrender-type CoCo bonds significantly weaken risk-taking incentives. The results of
our calibration are economically significant. By doubling asset volatility from 5% to 10%,
bank managers can increase the value of equity by 7% in the Convert-to-Steal case, while

the value of equity declines by 13% in the Convert-to-Surrender case.
Insert Figure 1 about here

Figure 2 shows the vega of the equity value (in percent of the equity value) as a function
of the asset value as seen by investors (VS) for all four cases (Convert-to-Steal, Convert-
to-Surrender, Convert-to-Par, No CoCo bonds). Vega is defined as the partial derivative
of the equity value S%’yf;)e(%) (see (8)) with respect to the asset volatility o. The results
from Figure 1 are confirmed. The Convert-to-Steal-type CoCo bonds significantly increase
banks’ incentives to increase risk across all asset values, whereas the Convert-to-Surrender-
type CoCo bonds significantly decrease risk-taking incentives. In the Convert-to-Steal
case, risk-taking incentives are most pronounced for intermediate asset values. For asset
values close to the trigger point, the likelihood of the trigger being hit converges to 100%
independent of asset volatility. For large asset values it converges to 0% independent
of asset volatility. In the Convert-to-Surrender case, vega is an increasing function of
asset value. This is because we have depicted the vega relative to the equity value. For
asset values close to the trigger point, the probability of conversion converges to 100%

in a first-passage time framework. Therefore, the equity value converges to zero in the

Convert-to-Surrender case.
Insert Figure 2 about here

Figure 3 reports deltas, i.e. proxies for the debt overhang problem. Delta is defined
as the partial derivative of the equity value S:??JL])G(‘A[S) (see (8)) with respect to the asset
value V;. A delta smaller than one suggests that an increase in asset value by one unit

increases the equity value by less than one unit. Thus, equity holders will usually be

reluctant to provide new funds in these cases. A delta larger than one suggests that an
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increase in asset value by one unit increases equity value by more than one unit. Equity
holders are thus more likely to be willing to provide new funds. Convert-to-Steal CoCo
bonds have a delta smaller than one and thus discourage equity holders from issuing
new equity in times of crisis. The reason is that the conversion feature adds value for
equity holders, and moving the asset value away from the trigger point therefore decreases
equity value. The opposite is true for Convert-to-Surrender CoCo bonds that increase the
incentives of equity holders to issue new capital in times of crisis. Deltas are zero for the
Convert-to-Par and the Subordinated Bond cases. Furthermore, the wedge in incentives
between Convert-to-Surrender and Convert-to-Steal increases closer to the trigger point.
For example, directly above the trigger point, a one unit increase in asset values increases
equity value by only 0.6 units in the Convert-to-Steal case, but by more than 1.5 in
the Convert-to-Surrender case. Thus, equity holders would only be willing to provide
new funds in the Convert-to-Steal case in cases in which one additional dollar increases
asset values by 1/0.6=1.67. New projects thus need to have very high NPVs to make
them worthwhile for equity holders to invest.!® The opposite effect can be observed in the
Convert-to-Surrender case. It is, however, disputable whether incentives for equity holders
to raise new equity are sufficient to ensure the recapitalization of banks in a systemic crisis.
However, it does not seem a good idea to explicitly introduce instruments that discourage
the issuance of new equity during a crisis. Calomiris and Herring (2013) have proposed a
variant of a Convert-to-Surrender bond precisely to give banks an incentive to issue new

capital in times of crisis.

Insert Figure 3 about here

So far, we have looked at a variety of representative calibrations and the extreme
cases of Convert-to-Steal and Convert-to-Surrender. What happens with other parame-
ter combinations and CoCo bonds which are in between these two extreme cases? First,

while other parameter combinations change the specific numbers, the main message does

16Delta can even become negative in the Convert-to-Steal case should the size of the CoCo bond be
sufficiently large. Furthermore, please note that deltas are derivatives and therefore — by definition —
only look at a small e-environment around the current asset value. Convert-to-Steal type CoCo bonds
can also give incentives to equity holders to destroy value (absent fears of legal actions) in an amount
that triggers conversion.
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not change. Convert-to-Steal type bonds encourage risk-taking and discourage recapi-
talization, while the opposite is true for Convert-to-Surrender bonds. These effects are
more pronounced for larger CoCo bond notionals (because they determine the one-off gain
equity holders can reap at conversion). Vegas for CoCo bonds with a conversion price
between Convert-to-Steal and Convert-to-Par or between Convert-to-Par and Convert-
to-Surrender can be calculated as weighted averages of the two relevant cases. Thus, the
asset substitution problem becomes less and less severe when moving from a Convert-
to-Steal type CoCo bond to a Convert-to-Surrender type CoCo bond, and it "reverses”
somewhere in betweeen. As we will discuss in the empirical part, most CoCo bonds issued
so far are remarkably close to the Convert-to-Steal case. In the empirical part, we also
explicitly analyze the asset substitution problem for CoCo bonds lying in between the two
extreme cases discussed here, with the calibration being based on the conversion price of
these CoCo bond issuances.

Finally, we have so far failed to consider any aspects that might arise from repeated
interactions between equity holders and contingent capital holders. Repeated interactions
can dampen conflicts of interest. This is because any misbehavior might be punished
during the next interaction. An analytical solution for analyzing incentives in a repeated
interaction set-up is beyond the scope of this paper. It is therefore important to point

out that our analysis provides ceteris paribus results.

4 Empirical analysis

4.1 Research design and hypotheses

In this section, we will demonstrate that the contingent capital instruments issued over
the past years do indeed give rise to an asset substitution problem. Ideally, such an

empirical analysis would follow three steps:

e Contracts: Demonstrate that the contract design of the contingent capital instru-
ments allows equity holders to benefit at the expense of contingent capital bond

holders by increasing the riskiness of the bank’s assets.
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e Pricing: Show that this contract design is reflected in the prices of contingent capital

instruments. In particular, show that contingent capital holders are short volatility.

e Behavior: Show that equity holders react to these incentives in ways postulated in
the theory. In particular, prove that the propensity of equity holders to increase
the riskiness of their assets is due to contingent capital being part of their capital

structure.

We analyze the first and the second points using contingent capital issuances of three
major banks over the past years. We do not attempt to analyze the third point in this
paper for three reasons. First, the relatively small number of banks that have so far
issued contingent capital makes it impossible to draw statistically valid conclusions from
a cross-sectional analysis. Second, our time period is short. In particular, it does not
include a period where equity ratios are close to the trigger ratios and incentives for asset
substitution and gambling for resurrection should be strongest. This puts further strains
on observing and identifying behavioral changes. Third, contingent capital issuances are
likely to be endogenous. This means that any causal relation between contingent capital
issuance and an increase in the riskiness of assets is hard or even impossible to establish.

We start by documenting the stylized fact that the large majority of the contingent
capital instruments issued so far entail a wealth transfer from contingent capital holders
to equity holders at conversion (Section 4.2). From a principal-agent perspective, such a
contract does not seem to be optimal since — following our theoretical model above — such
a design would aggravate the asset substitution and debt overhang problem.

Section 4.3 tests a hypothesis regarding the correlation between changes in volatility
and returns on contingent capital. The Lloyds contingent capital instruments are public
issuances, while other issuances are either private placements (such as the March 2010
Rabobank and the February 2011 Credit Suisse issuances) or have only been issued re-
cently so that little pricing data is available. Our analysis on the pricing of contingent

capital will therefore focus on the Lloyds case.
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4.2 Contract analysis
4.2.1 Background on CoCo bond issuances

Fourteen major European banks issued 24 CoCo bonds between 2009 and 2013.17 A
summary of these issuances can be found in Table 2. Notionals range from 0.3 billion
USD (0.25 billion CHF, issued by Credit Suisse) to more than 10 billion USD (Lloyds
and Bankia). The first CoCo bond was issued in November 2009 by Lloyds with a total
notional of GBP 8.3 billion (USD 13.7 billion) via a (forced) conversion of subordinated
debt. Maturities for all CoCo bonds are 10 years or larger and interest rates exceed 5%
in all cases. All triggers are based on regulatory ratios, with the CT1/RWA-ratio being
the most frequently used trigger ratio. The CoCo bonds would, if all were fully converted
or written down, raise the core Tier 1 ratio by 1.1%. One of the CoCo bonds, the May
2011 issuance by the Bank of Cyprus, was already converted into equity in 2012 and
2013, thereby increasing the core Tier 1 ratio by almost four percentage points. Fourteen
of the 24 issuances have a write-down feature — i.e. these CoCo bonds are clearly of
the Convert-to-Steal type.!'® As will be discussed in the next subsection in more detail,
almost all CoCo bonds induce a wealth transfer from CoCo bond holders to equity holders
upon conversion. Across all banks, this wealth transfer is on average equal to 75% of the
CoCo-notionals or 17% of the estimated pre-conversion market value of equity (details on
the estimation method are provided in the next subsection).

In the following, we describe how we have compiled our estimate of the wealth transfer
for four representative issuances in more detail. First is the Lloyds issuance as this was the
first and one of the largest issuances. Second is the March 2010 issuance of Rabobank that
is written down by 75% if the Equity /RWA-ratio falls below 7%. Rabobank is not publicly
listed — and thus a prime example of a case in which the use of market-based triggers and a

conversion into common shares are not possible. Third is the February 2010 Credit Suisse

1"We are not aware of any U.S. issuances so far.

18 ANl except four of these CoCo bonds are fully written down once the trigger is hit and are thus the
extreme case of a Convert-to-Steal type CoCo bond. The March 2010 Rabobank CoCo bond is written off
by 75%, whereas three of the 14 write-down bonds have a write-back clause. The January 2011 issuance
by Rabobank is written down by only the amount that is necessary to return the capital ratio to 8%
(similar to the proposal by Glasserman and Nouri (2012a). We still classify this as a full write-down
because once the trigger is hit, all losses are borne by the CoCo bond holders and none by the equity
holders as long as the notional of the CoCo bond is fully depleted.
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issuance, which was issued to fulfill the requirements by the Swiss regulator FINMA.
Credit Suisse has been the most active CoCo-issuer so far. It has placed seven issuances
totalling 3.8% of year-end 2013 risk-weighted assets. Fourth is the latest December 2013
issuance by Barclays. Barclays has frequently stated its concerns that the issuance of
such bonds could lead to a dilution of existing shareholders.'® Consequently, its first
issuance in November 2013 will be fully written down, and not converted into equity, if
the trigger is hit. Barclay’s latest December 2013 issuance converts into common shares,
but provides extant shareholders with an option to buy any shares from this conversion
at the conversion price, thereby limiting any downside to equity holders from conversion.
This design thus shares features with the COERC proposal put forward by Pennacchi,
Vermaelen, and Wolff (2012).%°

Insert Table 2 about here

4.2.2 Wealth transfer at conversion

Section 3 established that the key driver shaping equity holders’ incentives is the existence
and magnitude of a wealth transfer at conversion. In general, this wealth transfer WT
can be determined to be the difference between i) the notional value of the CoCo bond
and ii) the value of the shares that CoCo bond holders receive at conversion (see formula

(1) in Section 2):

WT = Necoco — %SharesCoCo - MCapQConversion, 9)

where WT denotes the wealth transfer, No,c, the notional of the CoCo bonds, %SharesCoC'o
the percentage of outstanding shares owned by the CoCo bond holders after conversion
and MCap@Conversion denotes the market capitalization directly after conversion has
taken place.

Ncoco and %SharesCoCo can be determined directly from the respective prospectus.

MCap@Conversion has to be estimated. We make the simplifying assumption that the

19Cf. Reuters, April 17, 2013, "Barclays CoCo plan seeks to allay investor dilution threat” (accessed
via http://uk.reuters.com/article/2013/04/17 /uk-barclays-cocos-agm-idUKBRE93G0OK020130417).

20Cf. Barclays (2013), page S-16, item ”Conversion Shares Offer” for the option to buy back shares
from the conversion.

21



equity value moves one-to-one with the regulatory capital and that risk weighted assets
do not change, i.e. changes in capital ratios are only due to changes in capital. For
example, if today’s capital ratio is 10% and the trigger is 5%, we assume that the equity
value directly above the trigger will also be half of today’s equity value. This back-of-
the-envelope calculation is likely to be conservative. First, market values usually decline
faster and sooner than Tier 1 ratios due to the stickiness of accounting ratios. Second,
accounting ratios are not observed in continuous time meaning that the core Tier 1 ratio
at conversion is likely to be lower than 5%. Therefore, these assumptions most likely
provide a lower limit for the wealth transfer at conversion. Using these assumptions, the

market capitalization after conversion can be determined to be

Trigger Ratio
MCap@Conversion = MCaptodayL + Ncoco, (10)
Ratiotoday

where M Cap@QConversion denotes the market capitalization directly after conversion,
MCapioday denotes the market capitalization today, T'rigger Ratio denotes the capital
ratio which triggers conversion®', Ratio;oqa, denotes the value of the respective ratio today
and Ngoco denotes the notional of the CoCo bond. Finally, we link the wealth transfer
to both the notional of the CoCo bonds (to get an indication of the loss that CoCo bond
holders will experience at conversion) and to the equity value directly above the trigger.

Results are depicted in Table 3 as of December 31, 2013. For example, the Lloyds
market capitalization is GBP 56.3 billion and the core Tier 1 ratio is 14.0%. Our rough
estimate of the combined market value of current equity capital and CoCo bonds at the
trigger point is 5%/14.0%- GBP 56.3 billion + GBP 8.3 billion = 28.4 billion. Hence,
the 16% share of the CoCo bond holders will be worth approximately GBP 4.6 billion
— which is a 44% discount on the nominal value and 18% of the equity value directly
above the trigger. The wealth transfer in percent of the CoCo notional is even larger for
the Rabobank CoCo bond (75%) and lower (31%) in the case of Credit Suisse. Barclays’

issuance is closer to a Convert-to-Par type CoCo bonds. In our simplified calculation, the

21This ratio is the core Tier 1 ratio in case of Lloyds, Credit Suisse and Barclays. It is the equity ratio
— a simpler measure which is roughly equal to balance sheet equity capital divided by risk-weighted assets
— in case of Rabobank.
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shares that CoCo bond holders receive upon conversion are even worth more than the
CoCo bond notional. Given that extant shareholders have the right to buy back these
shares at the conversion price, the wealth transfer is bounded at zero. Please note that
all these calculations are likely to be overly positive for CoCo bond holders: Should the
decline in market values exceed that of regulatory ratios, even in Barclays case contingent
capital holders might face significant losses upon conversion.

What does that mean for incentives? First of all, if, for example, Lloyds is close to
the trigger then an increase in asset value of GBP 3.5 billion is a worse outcome for
shareholders than a slight decrease of asset values and a subsequent conversion of CoCo
bonds into equity. This is because a conversion results in a GBP 3.6 billion windfall
profit for shareholders. These numbers suggest that generating stable positive profits in
times of a crisis is not in the interest of shareholders and that risk-shifting is likely to
take place. Even worse, there is a huge disincentive for shareholders to recapitalize the
bank on their own. Directly above the trigger point, an injection of new funds equal to
GBP 3.5 billion will have the same effect in terms of the extant shareholders’ wealth as
experiencing a further decline of one pound and subsequently hitting the trigger. Roughly
speaking, the first GBP 3.5 billion of capital injections in times of distress are sunk costs
for old shareholders. This injection of funds therefore has to be hugely profitable. If not,
equity holders will refrain from recapitalizing their bank and will wait until conversion is
triggered. In view of the fact that regulatory capital ratios are slowly moving, this may

give rise to a long period of underinvestment and limited credit supply.

Insert Table 3 about here

4.2.3 A detailed assessment of the Lloyds issuance

In the following, we analyze the incentive effects arising from the Lloyds’ issuance in more

detail. We thereby make the following assumptions:

e Assumptions as in Section 3 (Black-Cox-Duffie-Lando framework and main param-

eters).
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e The maturity is set to be 5 years, the average remaining maturity of a 10-year CoCo

bond.

e Changes in the Tier 1 ratio can only be induced by gains/losses. This precludes
changes in RWA via increased/decreased business volume, via changes in average

risk weight, and via new equity issuances.??

e The market value of equity moves one-to-one with the core Tier 1 capital, meaning
that a 10% drop in the core Tier 1 ratio results in a 10% drop in the market value

of equity.
e All values are as of December 31, 2013.

e The assets are set to be equal to the risk-weighted assets of GBP 263.9 billion and
the equity is set to be equal to the market capitalization (GBP 56.3 billion). The
5% core Tier 1 ratio trigger thus translates into a loss of (1 — 35.7%)- GBP 56.3
billion = GBP 36.2 billion (see Table 3 for the derivation of the 35.7% loss figure)
and a CoCo bond trigger of GBP 263.9 billion - GBP 36.2 billion = GBP 227.7
billion. From Tables 2 and 3, we use a notional of the CoCo bonds of GBP 8.3

billion and assume that CoCo bond holders own 16% of the after-conversion equity.

Figure 4 depicts the magnitude of the asset substitution problem (left-hand picture) as
well as the magnitude of the debt overhang problem (right-hand picture). We observe
two main results. The first is that CoCo bonds are very close to the Convert-to-Steal
case from an incentive point of view. Second, the asset substitution problem and the
debt overhang problem are greatly exacerbated by the existence of CoCo bonds. Due to
the CoCo bonds, equity holders have a significant interest in increasing the riskiness of
the portfolio. An increase of the asset volatility by 1 percentage point translates into an
increase in equity value of up to 1%. No less worrisome is the debt overhang problem. An
increase in NPV of up to USD 1.10 per USD 1 investment is needed to make it beneficial

for equity holders to inject more capital.

22For reasons of simplification, we also do not take into account a manipulation of risk-weights. See
Mariathasana and Merrouche (2014) for a detailed analysis of risk-weight manipulation by banks.
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All these numbers are most definitely lower bounds. First, we have made a very
conservative assumption that in times of financial distress share prices only fall by the same
amount as the regulatory capital ratios. Should share prices decline earlier and sharper,
then the transfer of wealth at conversion will be even greater. This further exacerbates
both the asset substitution and the debt overhang problem. Second, Lloyds has only
GBP 8.3 billion of CoCo bonds outstanding — compared to RWA of GBP 263.9 billion
(approximately 3%). If regulators force banks to hold larger amounts of CoCo bonds of
the Convert-to-Steal-type, the incentive to ”gamble for resurrection or conversion” and

the disincentive to raise new equity in times of distress will be further aggravated.

Insert Figure 4 about here

4.3 Pricing

We now test the relationship between CoCo bond returns and changes in volatility. We

run a time-series regression:

TcoCot = Bo + 1oy + B2Y) + €, (11)

where rcoco, 1 the total return of the contingent capital from ¢t —1 to ¢, Aoy is the change

in volatility from ¢ — 1 to ¢, and Y; are control variables. We use the following set-up:

o For 7¢ocot, we use the weekly total return from the Lloyds contingent capital issue
with the ISIN XS0459086582 taken from Bloomberg over the period from November
30, 2009 to December 31, 2012. This issue matures in May 2020. It is the largest

single series, and has the most liquid pricing data available.?

e For Ao, we use the change in the 6-months implied equity volatility from at-the-
money put options on Lloyds shares taken from Bloomberg multiplied by the ratio of

equity market capitalization to risk-weighted assets. Under simplifying assumptions,

23We use Bloomberg CBBT prices, which are based on executable prices. A comparison with data
from Datastream and Bloomberg Generic Prices (BGN) yields correlations of the total returns above
90%. Also, the number of non-trading dates based on Bloomberg information is less than 5%, meaning
that prices seem to reflect real trading activity.
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the multiplication by the ratio of market capitalization to risk-weighted assets trans-
forms the implied equity volatility to an implied volatility of risk-weighted assets.?*
We use the 6-months series because it is the longest maturity which is consistently

available.

e For Y; we use a) the total return index of a straight bond of Lloyds with the same
maturity taken from Bloomberg 2> and b) the total return on Lloyds equity taken
from Bloomberg. Using the total return on a straight bond gives us information
on the asset substitution problem beyond that already incorporated in the use of
straight bonds and controls for a possible correlation with the risk-free rate. Using
the total return on Lloyds equity controls for potential correlation between changes

in implied volatility and changes to the asset value of Lloyds.

A correlation matrix of all variables is shown in Table 4. The correlation matrix reveals
that, univariately, the total return on contingent capital is highly negatively correlated
with changes in the implied volatility (—0.54, p < 0.0001). As expected it is positively
correlated with the straight bond (0.53, p < 0.0001) and with the equity return (0.47,
p < 0.0001). Furthermore, the contingent capital is more negatively correlated with
changes in the implied volatility (—0.54) than the straight bond (—0.28). This is a first
indication that contingent capital is indeed short volatility beyond the level from the

straight bond.
Insert Table 4 about here

Figure 5 provides a two-way scatterplot of changes in volatility and the return on both

CoCo bonds and the straight bond. The sensitivity of the CoCo bond total return with

24See Gropp and Heider (2010) for a similar transformation of equity volatility to asset volatility. This
simplified transformation assumes that debt is risk-free. Vassalou and Xing (2004) provide an interative
procedure that does not rely on this assumption, however, for deep-in-the-money call options — as in the
case of equity as a call option on assets — the resulting asset volatility estimates are very similar. The
average ratio of market capitalization to risk-weighted assets is 13.63, with a standard deviation of 3.52.
Therefore, the implied volatility of risk-weighted assets is more than a factor 10 smaller than the implied
equity volatility. Apart from a level effect, this transformation does not have any significant effect on
our results. The ratio of market capitalization to risk-weighted assets does not vary much over a weekly
interval, and thus weekly changes in the volatility of risk-weighted assets are largely driven by weekly
changes in implied equity volatility.

Z>There is no straight bond of Lloyds maturing in May 2012. We therefore use a weighted average of
the total returns of the October 2018 (ISIN: XS039513935) and April 2024 (ISIN: XS0422704071) straight
bonds. Both of these bonds are fixed rate bonds.
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respect to changes in implied volatility is approximately five times larger (—6.54) than the
corresponding sensitivity on the straight bond (—1.33). Changes in implied volatility also
have a higher explanatory power for CoCo bond total returns than for straight bond total
returns (R? of 29% vs. 8%). This provides further indication that increases in volatility
cause a much larger decrease in the value of CoCo bonds than in the value of straight

bonds.
Insert Figure 5 about here

Our results might be spurious due to a correlation of changes in the implied volatility
with the asset or equity value. If changes in the implied volatility are negatively correlated
with equity returns (as we can see from Table 4), then the negative correlation of CoCo
bond returns and changes to the implied volatility might not be a vega effect, but a
delta effect. We therefore run the multivariate regression (11) using weekly CoCo bond
returns and a standard least-square estimator with robust standard errors.?® All results
are presented in Table 5. Column (1) only includes changes to the implied volatility as
an independent variable, column (2) adds the bond total return and column (3) adds the

equity total return.
Insert Table 5 about here

The total return on the contingent capital bond is significantly correlated with changes
to implied volatility in all specifications. An increase in implied volatility of the risk-
weighted assets by 1 percentage point is associated with a decrease in the value of contin-
gent capital in the range of 2.6% to 6.5%. Taking 2.6% (column (3)) to be a conservative
estimate of the sensitivity, this implies a decrease in the value of contingent capital of
roughly GBP 220 million (= 2.6% - 8.3 billion).

Taken together, there is clear empirical evidence that the major CoCo bonds issued so
far entail a wealth transfer at conversion from contingent capital holders to equity holders.

For contingent capital issued by Lloyds, we find robust evidence that this contract design

26We have conducted several robustness tests. In particular, our results are robust to using monthly
CoCo bond returns, quantile regression, and including squared terms of the independent variables. Results
are available upon request.
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is reflected in traded security prices. In particular, CoCo bonds are short volatility. Hence,
Convert-to-Steal-type contingent capital may induce agency problems and cause a change
in behavior towards a gambling for resurrection or gambling for conversion if banks are

close to the trigger ratio.

5 Discussion

The empirical facts from the prior section seem puzzling given the adverse incentives that
can arise from a Convert-to-Steal design and regulatory ratios. These contracts do not
even seem to be second-best from an incentive point of view. See for example Calomiris
and Herring (2013) for a discussion. However, other factors might well play a role that
offset the negative incentive effects of these type of CoCo bonds. Given that CoCo bonds
are a relatively new financing instrument, one could argue that the market is still in its
learning phase. So it might simply be a matter of time until a more efficient CoCo bond
design emerges. Below, we provide some possible reasons of why CoCo bond issuances

have so far used the Convert-to-Steal design with a regulatory trigger.

5.1 Convert-to-Steal design

Naive/behavioral explanations: The Convert-to-Steal design might be explained with be-
havioral arguments. Naive equity holders might be concerned about dilution — without
fully recognizing the costs of higher interest rates that come along with it. CoCo bond
holders might put too much weight on the probability of conversion — and might disregard
the losses ensuing from conversion. Agencies’ ratings are usually based on a probability-of-
default concept — as opposed to an expected-loss-concept. Any CoCo-investor who naively
makes investments based on probability-of-default-based ratings will thus underappreci-
ate the role of the conversion price. Institutional rules that limit the amount investors
(e.g. insurance companies) can invest in certain rating categories can provide further
support for this (Becker and Ivashina (2013)). In a similar spirit, naive regulators might
be fixated on CoCos ”absorbing losses”. Regulators might be preoccupied with avoiding

the situation arising in the last crisis, in which nonconvertible subordinated debt did not,
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in most cases, absorb losses. However, it is not necessary for CoCos to absorb losses at
the time of conversion for the bank to be recapitalized (since the initial equityholders can

absorb the losses). Naive regulators might simply miss this point.

Rational explanations: Change of control costs would provide a rationale for the
Convert-to-Steal-design. Similar to bankruptcy costs, any change in the (majority) own-
ership of a bank might induce costs, and these costs are likely to be more severe in a
downturn. To see how this might work, consider the case of a conservative insurance
company gaining control during a financial crisis over Goldman Sachs. The question
arises: how would this change the strategic orientation of Goldman Sachs? Should a
change of control be eminent, key bank employees are usually prevented from walking
away by being promised bonus guarantees and retention awards. Such awards are simply
an indirect cost of a change in control.?” With Convert-to-Steal CoCo bonds, change of
control is avoided. This is because CoCo bond holders do not receive any shares. In Ap-
pendix C, we present a limited-scope model that details how change of controls costs can
rationalize Convert-to-Steal design. In a similar spirit, some shareholders such as strate-
gic investors might put a control premium on having sufficient voting rights to influence
the bank’s decisions. These investors might even accept a higher cost for CoCo bonds if
control premia are sufficiently valuable to them.?® Last but not least, there should not
be any doubt about the tax deductibility of interest payments on Convert-to-Steal-type
CoCo bonds — as these are never converted into shares. The tax treatment of other types
of CoCo bonds is less clear in most jurisdictions (Avdjiev, Kartasheva, and Bogdanova

(September 2013)).2

27For example, top bankers from Dresdner Bank were promised bonuses and retention awards when
taken over by Commerzbank. Commerzbank later unsuccesfully challenged these awards in court,
see http://www.theguardian.com/business/2013/apr/26/commerzbank-bankers-paid-bonuses-court (ac-
cessed February 14th, 2014).

28Gee Zingales (1994) and La Porta, Lopez-De-Silanes, Shleifer, and Vishny (2002) on the value of
control premia. In theory, investors who value control might simply buy back sufficient shares after
conversion so as to regain control. However, should they face a binding net worth constraint, they might
not have sufficient funds to do so in a crisis.

29The importance of the tax treatment as a motive for issuing CoCo bonds is underpinned by the
so-called tax redemption clause. For example, Barclays’ prospectus of the December 2013 issuance states
that Barclays may ”redeem the Securities [...] if [...] we would not be entitled to claim a deduction
in respect of any payments in computing our taxation liabilities.” In Germany, there have not been
any issuance of CoCo bonds until end of 2013, a fact that — according to industry representatives — is

29



Institutional and legal frictions: Many institutional investors face legal or contrac-
tual restrictions on holdings of common shares. With Convert-to-Surrender CoCo bonds,
CoCo-investors receive a large proportion of outstanding shares upon conversion. They
thus might have to sell these shares on short notice in an illiquid market. For banks that
are not listed, it might even be impossible to issue contingent capital that converts into
common equity. This is not just a theoretical concern. Rabobank is a primary example of
a systemically important bank that is not publicly listed. Furthermore, only 41 out of the
124 Eurozone banks subject to ECB supervision are publicly listed; though admittedly,

most of the largest ones (Acharya and Steffen (2014)).

Agency-based explanations: Last but not least, the dominance of Convert-to-Steal type
CoCo bonds is consistent with an agency-based explanation of managerial risk aversion.
Convert-to-Steal-type CoCo bonds dampen the volatility of shareholder wealth by reduc-
ing shareholder wealth in the upside (due to higher interest payments on Convert-to-Steal
bonds than on Convert-to-Surrencer CoCo bonds) and increasing it in the downside (via
write-down of the CoCo bonds). A risk-averse CEO whose compensation depends on the
extant shareholders’ wealth would thus prefer Convert-to-Steal-tye CoCo bonds, even if
it decreases total firm value.?® Even risk-neutral CEOs may choose Convert-to-Steal type
CoCo bonds should they are faced with a concave incentive scheme. In particular, CEOs
might lose their jobs should the stock perform poorly. Shareholders will be less angry at
them, ex-post, following a decline in the banking firm’s net worth. Of course, the bank
will end up paying higher promised interest on CoCo bonds under this design, but the
resulting decrease in CEO compensation might be better than the ex-post loss of their

jobs from the bank managers’ point of view.

related to the uncertain tax treatment of coupon payments on CoCo bonds (see Linklaters (2011)) and an
article in Manager Magazin (" Tax problem thwarts capital raising efforts of German banks”, available in
German via http://www.manager-magazin.de/immobilien/artikel /steuerstreit-bei-pflichtwandelanleihen-
bremst-deutsche-banken-aus-a-945735.html).

30Needless to say, as in the case for all agency-based explanations, informational frictions do have to
exist that do not enable shareholders to clearly distinguish between the drivers of a bank’s performance
and thus design a more granular compensation scheme for CEOs. See Stulz (1984) for a formal model.
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Other explanations: Contingent capital featuring regulatory triggers that transfers
wealth from CoCo bond holders to equityholders upon conversion provides equity holders
with incentives to quickly write down assets and to correctly reflect the riskiness of the
remaining assets in their calculations of regulatory risk-weighted-assets. If regulators are
worried about evergreening of loans (Peck and Rosengren (2005)) or about a too optimistic
calculation of regulatory risk weights, then Convert-to-Steal-type CoCo bonds might help
to counterbalance these incentives. Needless to say, Convert-to-Steal-type CoCo bonds
(as compared to other CoCo bond types) provide an incentive for excessive write-downs
and very conservative determination of regulatory risk weights. This means that any
related argument relies on an asymmetry in the social costs induced by too optimistic

versus too conservative balance sheet valuations.

5.2 Regulatory triggers

Academics have usually called for market-based triggers (cf. Flannery (2002), Pennacchi,
Vermaelen, and Wolff (2012), and Calomiris and Herring (2013), among others). The
obvious advantage is that a market-based trigger is publicly and timely observable. Why
do all CoCo bonds issued so far use triggers based on regulatory ratios? In the case where
regulators have superior knowledge about the fundamental asset value based on their
priveleged access to bank-internal information, regulators might be able to separate the
bad banks (who are in need of additional equity capital) from the good banks (who are
not). In this regulator-friendly view, regulator would use their information to force bad
banks to realize losses and to subsequently convert the contingent capital if the regulatory
capital ratio falls below the trigger. Should the conversion of contingent capital incur real
costs, then such a selective conversion of contingent capital — facilitated by an omniscient
regulator — could be optimal.

However, the experience of the past crisis does not necessarily support such a view.
Even if regulators have superior knowledge about banks’ asset quality, regulators face
their own set of incentives which might tilt them towards forbearance. If one accepts the
need for Convert-to-Steal type CoCo bonds (based on any of the arguments of the previous

subsection) then there is another explanation why banks choose regulatory triggers. In
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the case of Convert-to-Steal, market based equity triggers can result in a no-equilibrium
situation (Sundaresan and Wang (2010) and Glasserman and Nouri (2012b)). Regulatory
triggers can — if the regulatory ratio is exogenous and does not itself depend on equity
values — avoid such a no-equilibrium situation. However, as shown by Pennacchi, Ver-
maelen, and Wolff (2012), a market value of total capital (equity plus CoCo bonds) has a
unique equilibrium as well. Thus, a regulatory trigger is by no means the only mechanism
that avoids the no-equilibrium situation.

A less benign argument for regulatory triggers is that shareholders and CoCo bond
holders believe that the bank is able to manipulate the regulatory trigger. This means
that CoCo bonds will never convert, and that they resemble subordinated debt. While
regulators believe they are a form of capital, they are not effectively able to recapital-
ize banks in the next crisis (see Haldane (2011) for the susceptibility of risk-weights to
manipulation). As anecdotal evidence, information about Barclays’ contingent capital
issuances is presented on its ”"Debt investors” section of the investor relation webpage.
In its issuance announcement, Barclays stresses the positive effect of this issuance on the
CRD 1V leverage ratio.?! As Calomiris and Herring (2013) point out, even during the
financial crisis, a regulatory capital trigger of 7% would not have been hit by many of
the large US banks. This is not only due to the fact that risk-weighted assets can be
subject to manipulation, but also to accounting rules, which cause market prices to be
imperfectly and belatedly reflected in book values.

Finally, and for obvious reasons, market-based triggers cannot work if a bank is not
listed. This is not a minor concern, not even for systemically important banks: As
dicsussed above, only 41 out of the 124 Eurozone banks subject to ECB supervision are
publicly listed (Acharya and Steffen (2014)). Thus, market-based triggers are feasible for
only a third of the major Eurozone banks; though admittedly, most of the largest ones.

The target of this paper is not to single out one of these explanations for Convert-to-
Steal type CoCo bonds or regulatory triggers. It is, rather, to present a simple empirical
fact. The large majority of contingent capital instruments issued so far is of the Convert-

to-Steal type with a regulatory trigger. Prices of these CoCo bonds also suggest that

31See http://www.newsroom.barclays.com/imagelibrary /downloadMedia.ashx?MediaDetailsID=5978
for the annoucement of the December 2013 contingent capital issuance.
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market participants are aware of the effects of this design. CoCo bonds are short volatility
with a magnitude five times larger than what can be observed for straight bonds. Such
a design can have perverse incentives on risk-taking, and further research is necessary to

pin down the exact reason why market participants have so far settled on this design.

6 Conclusion

In this paper we have analyzed the effect of the conversion price of CoCo bonds on
equity holders’ incentives. We have used a Duffie-Lando type model to show that, if the
conversion price is set so that conversion redistributes wealth from CoCo bond holders to
shareholders, perverse incentives arise. In particular, equity holders have an incentive to
increase the riskiness of assets (asset substitution) as well as a disincentive to raise new
equity in a crisis (debt overhang).

Our clinical analysis demonstrates that existing CoCo bonds exclusively use regulatory
triggers and are designed to transfer wealth from CoCo bond holders to equity holders
upon conversion. We found that holders of the Lloyds CoCo bond are short volatility with
a magnitude five times greater than that which can be observed for straight bonds. We
also discussed several potential explanations as to why market participants have settled
on such a design. We do not draw the conclusion that CoCo bonds should not be a part of
a bank’s capital structure. Rather, our analysis suggests that it is highly important to set
the conversion price in a way that does not induce a redistribution of wealth from CoCo
bond holders to equity holders upon conversion. Conversely, a conversion price that
induces some wealth transfer from equity holders to CoCo bond holders could help to
mitigate risk-shifting incentives already present in the current capital structure of banks.

It could therefore help to mitigate asset substitution and debt overhang problems.
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Figure 1: Value of equity as a function of asset volatility in the presence of
contingent capital

This figure shows the equity value as a function of the asset volatility for all four cases
(Convert-to-Steal, Convert-to-Surrender, Convert-to-Par, No CoCo bonds). The x-axis shows
the asset volatility, the y-axis shows the equity value. Other parameter values are: T =5,

s =0.25, r = 0%, a = 1.25%, Npeposits = 85, Ncoco = 5, TP =95, E[V;|Vp, Ve, > t] = 100.

16.00 -
14.00 e m———-
12.00 - _-="
-
-
-
w 10.00 - =
3
g
:‘::'L 8.00 -
3
"l J
6.00 Mo CoCo bonds
apo 4 = = = Convert-to-Steal
Conve ri-to-Surrender
2.00 A
Convert-to-Par
0.00 T T T T ]
0.0% 2.0% 4.0% £.0% 8.0% 10.0%

Figure 2: Asset substitution problem in the presence of contingent capital

This figure shows the vega of the equity value (in percent of the equity value) as a function of
the asset value as seen by investors (Vs) for all four cases (Convert-to-Steal,
Convert-to-Surrender, Convert-to-Par, No CoCo bonds). Vega is defined as the partial
derivative of the equity value S%’ﬁ,e(%) (see (8)) with respect to the asset volatility o. The
x-axis shows the asset value as seen by investors (Vs), the y-axis shows the vega of the equity
value. Other parameter values are: T =5, s = 0.25, 0 = 5%, r = 0%, a = 1.25%,

NDepasits = 85, NCOCO = 5, TP = 95.

4.00% -
300% 4 e — e
2.00% -

1.00% - *

0.00% No CoCo bonds

g5 100 105 110 = = = Convert-to-Steal
-1.00% -

Vega
(% of equity value)

Convert-to-Surrender
-2.00% -

Conwvert-to-Par
-3.00% -
-4.00% -

-5.00% -

-6.00% -

39



Figure 3: Debt overhang problem in the presence of contingent capital

This figure shows the delta of the equity value as a function of the asset value as seen by

investors (Vs) for all four cases (Convert-to-Steal, Convert-to-Surrender, Convert-to-Par, No

CoCo bonds). Delta is defined as the partial derivative of the equity value Sqlq);pe(f/;) (see (8))

with respect to the asset value V. The x-axis shows the asset value as seen by investors (Vs),
the y-axis shows the delta of the equity value. Other parameter values are: T'= 5, s = 0.25,
0 = 5%7 r= 0%7 o = 125%; NDeposits =85, Ncoco =5, TP = 95.
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Figure 4: Asset substitution and debt overhang problem for Lloyds

This figure presents results for the asset substitution and debt overhang problem for Lloyds.
The left-hand picture shows the vega of the equity value (in percent of the equity value) as a
function of the asset value as seen by investors (V;) for all four cases (Convert-to-Steal,
Convert-to-Surrender, Convert-to-Par, No CoCo bonds). The right-hand picture shows the
delta of the equity value as a function of the asset value as seen by investors (Vs) for all four
cases (Convert-to-Steal, Convert-to-Surrender, Convert-to-Par, No CoCo bonds). The x-axis
shows the asset value as seen by investors (VS), the y-axis shows the vega in percent of the
equity value (left-hand picture) and delta (right-hand picture) of the equity value. Other
parameter values are: T'=5, s = 0.25, 0 = 5%, r = 0%, a = 1.25%, Npeposits = 199.34,

Ncoco = 8.3, TP = 227.7.
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Figure 5: CoCo bond total return, bond total return and implied volatility

The figure at the top presents a two-way scatterplot for changes to the implied volatility
(x-axis) and the CoCo bond total return (y-axis). The figure at the bottom presents a two-way
scatterplot for changes to the implied volatility (x-axis) and the straight bond total return
(y-axis). Both figures are based on weekly data from December 2009 — December 2012. CoCo
bond Total Return denotes the total return on the Lloyds CoCo bonds taken from Bloomberg.
A Implied Volatility (unlev) denotes the changes in the unlevered implied volatility, measured
as the change in the implied volatility of 6-months at-the-money put options taken from
Bloomberg multiplied by the ratio of market capitalization to risk-weighted assets. Bond Total
Return denotes the weighted total return on the October 2018-maturity Lloyds straight bond
and the April 2024-maturity Lloyds straight bonds. The weights are 47/66 and 19/66 as to
yield the same weighted maturity as the CoCo bonds.

CoCo bond
Total Return

ER =Wl
R

Fatutild

(=]
* WO

A Implied Volatility

1 (unlev)
+
*
5005 * ¥ =-6.5422x 4+ 0.0007
+ R*=0.2947
(=0 a w P e +*
BEED ¥
+0-00%
Bond Total
Return

A lmplied Volatility

00% [unlev)
e, T+ y* -1.3206x + 0.0004
40 R*=0.0787

42



Table 1: Example

This table provides an illustrative example. The bank’s balance sheet consists of 100.
These are financed by 80 straight debt, 10 contingent capital and 10 equity. Conversion is
triggered if losses exceed 5. In Panel A, upon conversion, contingent capital holders receive
newly issued shares in an amount equal to the pre-conversion number of outstanding shares
(i.e., contingent capital holders hold 50% of the after-conversion outstanding shares).
In Panel B, upon conversion, contingent capital holders receive an infinite amount of
newly issued shares (i.e., contingent capital holders hold 100% of the after-conversion

outstanding shares).

Panel A (Wealth transfer from CoCo bond holders to equity holders)

(1)

(2)

(3) (4) (5)

(6)

Value of assets 100 98 96 95 + € 95 — € 94 92
Value Equity 10 8 6 5+e¢ 7.5 —¢€/2 7 6
Value CoCo 10 10 10 10 7.5 —¢€/2 7 6
Value Debt 80 80 R0 80 80 R0 R0

Wealth transfer = 2.5

Asset losses 0 2 4 5—e 5+¢€ 6 8
Equity losses 0 2 4 b—e 2.5+¢€/2 3 4
CoCo losses 0 0 0 0 2.5+¢€/2 3 4
Debt losses 0 0 0 0 0 0 0

Panel B (Wealth transfer from CoCo bond holders to equity holders)

(1) (2) (3) (4) (5) (6) (7)

Value of assets 100 98 96 95+ ¢ 95 — ¢ 94 92
Value Equity 10 8 6 O+¢€ 0 0 0
Value CoCo 10 10 10 10 15 — ¢ 14 12
Value Debt 80 80 80 80 80 R0 R0

Wealth transfer = -5

Asset losses 0 2 4 5—e 5+¢ 6 8
Equity losses 0 2 4 D—€ 10 10 10
CoCo losses 0 0 0 0 —b+e —4 -2
Debt losses 0 0 0 0 0 0 0

43



uorsieAuod Jurpedcaid sAep oY) I9A0 2011d areys 913 ueyy} I9YS3IY oq 09} 9011d UOISIDAUOD oY9 sjiqryoad jer) asne[d & sepn[ou] '3
SIOp[OYaIeYS UOISIOAU0I-21d SAR[DIRY I0J SOIRYS UOISIDAUO0D oY) Jo uorydo yoeq-Anq sepnouy °y

T10Z A Jo se YMY ‘(uorsioauod jo 99ep 3s1y) gT0g YOIRIN JO se uorjeziejrded jodIe]N '€I0¢ PUR gIQZ Ul PR1I9ATO0d 00D o
asne[d 3oe(Q 9)LIM SIPN[OU] P

%8 03 o1jel L3mmbe Juriq 03 Aresseoeu junowre Aq UMOP 93LIA\ O

%9 > 023DLATLIL ], 10 °q

uol3RIdSIp VINNIA+ ®

%86°91 %8L %L0°T 89'F (epjueg xo) syueq tod o8etony
%GS6°6 %TIL %TL0 6S°C (enyueqg xo) souensst 1od ofeIoAy
%Y %00T uq g pUMOp j1m %9 > onjex [eyded [ejol,  [emjediad  %6ug'6 %10 uq L0 uq g and ot-nr MpeIDIUN
%L %00°00T uq 0¢c umop a3LIm %SG > VMY / TLO s1eak 01 %ST L %9°0 uq o0'c uq 0'¢ asn 21-9°4 sdn
%9 %00T uq €1 pUMOP OjuIm  %€7T'g > VMY / TLD  [ensediad gz %E"0 uq g1 uq ¢g'1 asn £1-sny o[RIDUDD) 2301005
'u %00T uq 0'¢ 5UMOP d31Im %8 > VMY / Lymbyg renjodrad  %cle'8 %240 uq 0'g uq 0'g asn Tr-uer sueqoqey
et %SGL uq 60 uMOp 9311M %2 > VMY / £&ymbg s1eek 0T %GL8'9 %9°0 uq L1 uq ¢g'1 und 0T-TeIN queqoqey
%81 %y uq 9'¢ UOISISAUOD %S > VMY / TLD s1eak £2-0T  %9T - 9 %1€ uq L€1 uq g9¢’'s ddD 60-AON spAorT
%8 %00°00T uq o't umop ajLIm %L > VMY / TLO s1eak 01 %8 %80 uq o't uq o't asn gr-uer AN ued DM
%8 %00T uq 0’1 pUMOD d31Im %9 > orjer reaided [ejo], [enjodied %G'6 %¥'0 uq 1 uq Q1 HNH 01-deg ojoedueg esolujy
%Y1 %00T uq ¢ uMmop ajLIm »%STT'S > VMY / TLD renjodiad %G L %9°0 uq €'¢c uq ¢g'e asn g1-deg 9ssIng IpPaID
%11 %00T uq et UMOp S}TIM »%S > VMY / TLD s1eok g1 %SGL°G %9°0 uq Lt uq ¢zt und g1-dag 9ssINg IPaID
%T %00T uq €0 UMOp 9}IM »%S > VMY / TLD renjodrad %9 %10 uq €0 uq 62°0 AHD g1-dog 9ssIG IPaID
%91 %00T uq g'¢c UMOP 93LIM »%S > VMY / TLD s1eak 01 %G9 %80 uq g'¢ uq g'¢c asn €1-Sny 9sSING IPaID
5%T s%8T 549 €0 UOISIOAUOD »%L > VMY / TLO renjodiod %E'6 %9°0 uq L1 uq ggL'T asn gI-Inr 9sSING J1PoI)
5%T 5%8¢ 599 €0 UOISIDATOD o%L > VMY / TLD s1eak 01 %STT L %€°0 uq 80 uq G0 AHOD CT-Te]N 9ssImg 31paI)
5% %1€ 599 9°0 UOISIDATOD o%L > VMY / TLD sieak og %SL8L %L°0 uq o0'c uq o'ec asn TT-9°24 9SSIG IPa1)
%S %001 uq 0’1 UMOp 23 aM %L > VMY / TLD s1eok 0z %SeI'8 %0 uq 0'1 uq 0’1 asn g1-deg 9100MIBY PRI
%L 5%SL FU9 T'T UOTSI9AU0D %Se1'S > TLD renjodaad %6 %S0 uq 1°g uq g1 und £1-LeN vAadgd
;%0 %0 fu4 00 UOISIOATUOD %L > VMY / TLD Tenjediad %0°8 %Z 0 uq 1 uq Q0’1 uNH e1-09Q sAe(oreg
%T- %LT- uq go- UOISIDATOD %L > VMM / TLD remjodiod  %cg'g %E0 uq 0z uq 0'g asn £T-A0N sAepreq
% %00T uq o't UMOPp 9}1IM %L > VMY / TLO s1eak 01 %GL L %T°0 uq ot uq o't asn gr-ady sdereg
%S %00T uq o€ UMOp 9}1IM %L > VMY / TLO s1eak 01 %GT9°L %G°0 uq o'¢ uq o'e asn CTI-AON sdepreqg
%88 %ES uq g UOISIOATOD %g > VMM / TLD remjodiod  90c'9 %6°€ uq g1 uq 6°0 and TT-AeN  ,snad&p jo sueq
5%0 5%T 579 0°0 UOISIOAUOD D ,046ZT'G > VMY / TLO Iemjedied %61l %9°0 uq L0 uq g0 and £1-1°0 rendog ooueg
eru eru eru UOISISAUOD UOISISAUOD papuajuy - - &ONH uq Lyl uq L0T HNHA M.thﬁ—< rueyq
(oyewrysy) (eyeuwrrysy) (D71 ‘eyewarysy) odAKy J19388147, Ayanjey uodno)d VMYU-ET0Z 3o % (AsnN) (071) ALousaany oaje( anssy Jonssy
deD3o3aBIN JO % [BUOIJON-0DOD JO ¥ JI9jSUBI} YI[BOAA UOISISAUOD) TeuoIj}oN [euorjoN [BUOIJON

Jajsuea) Yjresapn J9JSUBRI} YI[EIAN

*(soseoaraa ssoxd sorurdwod ‘swnpuriowowW I9jo ‘sjrodar Tenuue) sSury Auedwo)

:92INn0g "9[qe) 9xXou oY) ul sojdurexe awWOS I0J papiaoid oIt UOIJRWIGSD 9Y) UO S[reldd "€T0¢ I9qUIEdd(] JO SB ©Jep UO Paseq oIe I9JSURI) [I[OM O} I0J S9JRWIISH 'UOISIDAUOD 9I10Jaq A[30211p uoljezijejided joxIewl poajeul}so

a1y} jo o8erjuediad Ul puR [RUOIJON-0DO)) oY} jo oFrjuediad ur ‘AouaIInd [BOO] UI s19poy K3nbe 03 si9p[oy puoq 00 WOIJ WOISIdAUO0D uodn I9Jsuri} Y3[eom oY) 10j ojeurllse ue opiaoid (eyewrysy) de)IoqIvIN JO ¥, I9fsuriy
TI[BOA PU® (93RWIISH) [RUOIION-0O0D) JO ¥ I9JsurI} [ RIAN ‘(DT ‘9rewIlsy) I9jsueI) YI[BOA\ SUWN[OD oY T, "AjlIoyiny Arosiazedng 395IRIN [RIOURUI SSIMG 973} I0] spuRIS Y Y NI ‘S19sse pojySrom sII sojouep y MYy ‘Terided
T I9LT, 9100 sdj0udp T,1,D ‘IR[[0d SN S930udp (7S] ‘(eouwensst jo Louerin)=) Aoualiny) [@d0 $930UP DT "€10Z-6007 Wol sxueq ueadoiny o8Ie[ Jo seouenssI [B}1ded JUOSUIIUOD JO MITAIOAO [edISo[ouoiyd ® sopraoid o[qe) SIYJ,

(£102-600%) seouensst [ejrdes Jua8uUIIUO0D JO sOI)SIIR)S 9A1)dLIDSO( :g O[qR],

44



UQE0 = UqGT'T - %S¢

ST UOTSIOATIOD 199J® SN)S o1} JO an[eA a1} ‘9I0JeIaT]], ‘ANMba 0} WOISIBATOD OU ST Iy} 1N %G Aq JO WILIM dIe NS Yueqoqey] 1Y ST 10831 oy} JT q
UQEyT = UuqQeT'T - %Gl + UqTET

ST UOTSI9ATIOD I99Je anfea A3mbs a1} ‘910Jalet ], "A}mba 01 UWOISIOAUO0D OU SI 9I9Y) N( 9,G) Aq JJO UILIM 8T NS YUeRqOqeRy ‘)Y ST 1083117 oY) JT "®

%0 %€ eu %81 (zD/2@=) uoIsIaAu0D 810Jaq A[10211p UOIIRZI[RIIdRD Jo¥IRW JO 0/ UL
%0 %1E %SL %y (€D0/2a=) reuonou puoq 0Hoy jo % ut
uq 00 uq 90 uq 60 uq 9°¢ (T@-€D=) UOISIOATO0D Je SIOP[OTLIRYS 0] IoJSUeI) [ eoA (]
uq 01 uq LT 19 €0 uq 9% (7D 7€=) UOISIAT0D 1995 A[30911p 0)0)) JO dM[eA I

(9TUII] JOMO[) UOISISAUOD e I9JSued) YI[BIAA
uq L 0¥ uq ¢¢q el uq '8¢ (€D+gDH=) UOISIOAUO0D I9jJe A[300IIp uorjezifejided jos{IeIN )
uq 01 uq 0 uq ¢g'1 uq ¢'8 Spuoq 00D [RUOIION €D
uq J'6¢ uq ¢'1¢ uq 1°¢1 e u (VY TD=) UOISIOAUOD 9I0Joq A[}00Ip uoljezifejides jox IRy gD
uq L'gg uq 88y e uq €'9¢ €10¢ 20( Jo se uonyezieyrdes JosIRIN 1)

(9ruur] seddn) uorsisAuod je uoljezifejided jexIeIN

%€ %9 el %91 UOISIOAUOD 1B SO)0)) 0} SOIRYS JO 98RIUADID] F{
uq 1°91 uq 91 el uq §1L €10¢ 29(J JO S SUIPURISINO SAIRYG E(
uq G0 uq 1°0 el uq O'yr UOISIDATOD Je SO0 01 SoIRYS JO Ioquuiny :gg
661 00°02 'u 6S°0 5000 9011d UOISIDAUO)) :Tg
UOISISAUO0D e SIop[oy-0)0)) jo diysisumo Aymby

%€ GL %8V %197 %LGE (cv/1v=) uonoriq ¢y
%€°6 %091 %G ST %0F1 €10¢ 29 Jo se oney gy
%0°L %0°L %0°L %0°¢ oryer IS, (1Y

UOISJI9AUO0D 0} 93Uue)ISI(J

€1-99d T1-9°4 OT-TeIN 60-A0N ored
D0 NOd NDOS NOH oureN
sAepIRG 9SSING IPaI)) yueqoqey SpAo[T IoNss|

‘(uoryezipejides joxreur) 3roquIoO[qd pue (SoOIjel
rejrden) syrodor renuue :90IN0G “Y()H UI oIe SAR[OIRY I0J SON[RA PUR (JG[) UI dIR 9SSING JIPAI)) I0J SonfeA ‘Y5 Ul oI YUeqOqeY I0J San[eA ‘Jqo)
Ul oI SPAO[T 10J son[eA "soouensst [ejided JUoSuIIU0D JUIIAI 10 UOISIOAUOD J& IOJSURI) ) ROM ST} JO JIUII[ I0MO] 91} JO 9)eIIsd ue sjussaxd a[qe) SIy T,

soouenssi [ejided JuaSUIIU0D PoOJId[aS 10J UOISIOAUOD Je I9Jsuel} [Yi[eom JOo JIWI] JoMOT :¢ d[qe],

45



(1%°0)
200 wInyy [e10L, puog

(100070 >) (100070 >)

#xx69°0" *x%8C 0" (aoum) Ayrryeiop porjdur] vy
(T0000>) (10000 >) (10000 >)
sxxLY"0 ##%65°0 sk V670" umyay [0, SPuoq 0Hoy

wmyey [ejo], uwmyey [ejo], (aequn) Ajriye[op pordw]  wIN3eY [eI0],
Aymbrg puog v spuoq 0)H0))

"AToaryoodsal

‘[eao] 1uedred ()T pue G ‘T 9U) 1B S0UROYIUSIS SOI0UBD 4 4y ‘yyy ~SOSOYIURIRA UL UMOUS SI SAN[RA-J 'SUOIIRAISSUO A[[e0Mm LT UO Paseq oIe S)NSal oY, "SPAO[T]

JO WINJOI Y0038 [RJ0) BI[} SOIOUSD ULNIY (I0], figanbsy *spuog 0)0)) 91} Sk AJLIMjen pojySom oures o) P[OIA 0} s 99/6T pPue 99/, oI sPYSom oY ], 'pPuoq 3re1ss
spAolT Ayumyewi-fz(g [y 9yl pue puoq Jsrelss SpAO[T AJLINJRW-QT()g 10q019() 9} UO WINJOI [R10) PIJYSIOM O} SOI0USP ULNIIY [P0, PUO "SI9SSR POJSIom-NSLI
09 uorjezirejided joxreur Jo oryel o) Aq pordimu Srequoorqg wogj uaxe) suordo jnd Aouomw-oyj-)e SYIUOUW-g JO AY[IIR[OA POI[dur o) Ul 98URYD 97} Se POINSROUL
‘Ay1119e10A PaTIdUl paleAd[UN oY) UT saSuetd oY) sejousp (avajun) figyuvjo) paydwy vy -Siaquioolg woly usxe) (0707 AN :A1anjyew ‘g8G9806SF0SX NISI) spuoq
00)0)) SPAO[T 9} UO WINDI [R30) Y]} SOIOUSP ULNIY PI0], SPUOQ 0,)0,) "gT0T I0qUIdd( 03 600 I0quIodd(] WO} WIngal [ejo} A3nbo spAo[T oy} pue Wwinjal puoq
JSTRIIS SPAOTT o3 ‘A3[13R[0A PaI[dWI oY} Ul SoSURYD ‘SPUO] 0)0)) SPAO[T o} UO WINIOI (8101 A[YooM 9} Uo0M)I( SIUDIONJO0D UOIIR[OLIOD UOSIROJ sjuasold o[qe) SIY T,

suorje[eaIo)) :J a[qe],

46



191 191 191 N

870 770 62°0 Ay

¢I'g 60°T 00T (AIA)XEIN

(¢7°0) 00°0 (¥1°0) 00°0 (¢e°0) 00°0 RSO

(¥¥¢) #xxG L0 wInjey eo], Aymbog

(8e9) #xxGT'T (¢8°g) +xxV0'T wmyay [e10], puog

(eg2) +x09°G- (066 ks GT G (82°L-) wxxPG°9-  (a9un) Ayiryeop perduy v

A[o0M\ ATooM A[90M\ Kouanboaig

10 220 - 600G 22 ¢10g 220 - 6008 220 ¢10g 220 - 6008 220 poreg

wInjey [e10], puoq 0Ho)) wnjey [elo0], puoq 0Ho)) wInjey [e10], puoq oHo)) yuspuada(]
(€) (2) (1)

"AToA1p00dsor ‘[oad] quootod (T pue G ‘T 98U} 1@ 9OURDYIUSIS SOIOUOD 4 4y ‘yyy SOIRLIBAOD [[B IOAO I0J0R] UOIIR[JUI 9OURLIBA WNUIIXRUIL

o1} soj0ULp (JA )Tppy “sosorjuered UI UMOYS dIe SOIISIJR)S-) ISNqOY "SPAO[T JO WINJOI YOS [RI0] Y[} SOI0USP ULNIY I0], figenbiy “Spuoq 0oy o1}
se Ajumjewr pejySlem aures o1} P[oIA 01 se 99/6] pue 99/,f aIe s)ySem o], ‘puoq 13re1)s spALoT Ajumyewi-fg0g-[L1dy oy) pur puoq 1y3re1)s spAo[T
£)LmMyewW-9T()g-10q030() Y} UO WINJII (810} POIYSIoM 9} SOI0USP ULNIIY [DI0] PUOT "SI9SSk POIYSIOM-ISLI 01 UOIyezIe)ided jo3Iew JO Olyel oY) Aq
pordiynur Siequoo[g woiy ueye) suordo nd Aouow-o7)-3e SYIuoW-g Jo AJIpe[oA PaI[dul o1} Ul d8URYD 9} S PaInseawl ‘A)[ye[oa parjdul palossun
oY) Ut safuer oY) sojouap (wapun) fiptn)oA pandwy v -S1qUIoo[ WOy usxe) (0g0g AR Aymyent ‘£8¢9806570SX (NISI) SPUOq 0)00) SPAO[T oY)
UO WINJSI [€10) 9} SOJOULD ULNIIY [DI0], Puoq 0,07 7107 IOqUIEdS( 0} 600 IoquIada(] WOy WInjdl (8101 A)mbs spAo[T oY) pue WINidl puoq Jysrerls
SpAO[T oY) ‘A[I3e[oA Por[duWI PoIoAS[UN 8} Ul SOSURYD UO SPUOq 0)0) SPAO[T oY} U0 UWINDI [BI0) A[[00M O} JO UOISSaIZ0I ® sjuesold o[qe} SIyJ,

suanjal puoq 0oy JO SjuRUIILId(] :G 9[qR],

47



A Density of the asset value

In this section, we reproduce the results of the density of the asset value from Duffie and
Lando (2001). We denote the log-asset value by z; = log(V};). The log-asset value follows
a Brownian motion with drift m = r — ¢ — 0.50% and volatility o. The log-asset value
in t = 0 is denoted by zy and the noisy observation of the log-asset value in ¢ = s as
ys = log(Vy) = log(V,) + U(s), where U(s) is normally distributed with mean zero and
standard deviation a. Investors information set contains the starting value zg, the noisy
observation y,, and the fact that the asset value process has not been "killed” at the

boundary H between ¢ = 0 and t = s. Using these notations, the conditional density

g(z|20,ys, s) of the log-asset value z, = In(V;) can be derived as:*

/2105 [1 ey ()

o (& =) ) oo (- ) ()

g(x‘ZOa/ysa 8) =

where

/g = Ys — L, 5’1:‘%_27 50:’20_2
v = log(H)
o (g—12)* (2 +ms—1)°
J —
(y7 I7 ZO) 2&2 + 20_28
m = r—q—0.50°
a? + o%s
oS
g 750—1—ms
b = a? 025
20
/82 - _/Bl“f‘QT
o*s
1/ ? 20 + ms)?
o 0°s

The density of the asset value V, can be easily derived from the density of the log asset
value via
f(@Vo, Vs, 8) = g(in(x)|In(Vo), In(V;), 5).

82Cf. Duffie and Lando (2001)
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B Several periods of signals

In Section 3.1.1 and Appendix A, we have used a single noisy signal V, in ¢ = s and the
starting asset value in ¢t = 0 to derive the density of the asset value. From a model point
of view, it is straigtforward to allow for several noisy observations of the asset value over
time. The information filtration available to investors with one noisy signal V., knowledge
about the starting value Vj) and survival uptot = sisHs = o ({VO, Vs, 1~ :0<t < 3})
The information filtration available to investors with /N noisy signals f/si, 1 <1< Nis
., :a({%,mi,1T>t 0<t<s1<i< N})

While conditioning on one noisy signal (i.e. H,) allows us to derive a closed-form
solution for the conditional density f(z|Vp,Vi,s) of the asset value (see Appendix A),
no closed-form solution exists for more than one noisy signal. Using the assumption of
uncorrelated accounting noise, Duffie and Lando (2001) derive a formula for the asset value
conditional on N > 1 noisy signals that can be evaluated using numerical integration
techniques (see Section 3.2 of Duffie and Lando (2001)). In Figure B.1, we reproduce
Figures 2 and 3 using two noisy signals in two subsequent quarters. All other parameters
are identical to those chosen in Section 3.3. Results are very similar for both vega and
delta. Qualitatively, there are two important effects. First, because the last non-noisy
asset value observation is two quarters old (and not just one quarter), the conditional
density has a higher variance. Second, for a given time interval, two noisy observations
render the asset value estimation more precise, thus lowering the conditional density of
the asset value. In our numerical example, the first slightly outweighs the latter effect,

but net differences are very small.

C Modeling the cost of a change in control

In this section, we model the equilibrium CoCo bond type when there are change of control
costs. We assume that a bank operates with an asset volatility of oy. It can choose to
invest in a risky project that would increase asset volatility to o, > 0g. For example, it
might be faced with the decision to pursue a merger or not, to start trading commodity

derivatives in addition to the lower-risk interest rate and FX derivatives, or to enter the
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subprime mortgage market. The amount of debt and contingent capital the bank has to

hold are regulated. The bank therefore faces only two decisions:

e First, whether to use Convert-to-Steal or Convert-to-Par type contingent capital.
We rule out Convert-to-Surrender type contingent capital and any intermediate

conversion ratios for now, but we will discuss these below.

e Second, should it risk-shift or not. We assume that the bank faces a digital choice

o € {09, 0.} and discuss extensions below.

We introduce two frictions. First, the risky project has a negative NPV. The assets
are worth V, in t = s without the risky project. The assets are, however, worth only
(1 — B)Vs (with § > 0) with the risky project. We do not claim that risky projects
always reduce NPV, but this is the interesting case to look at for our application. Second,
conversion of the Convert-to-Par type bonds results in change of control costs equal to
Y - T'P. The economic rationale behind these costs is similar to indirect costs of financial
distress (Altman (1984), Andrade and Kaplan (1998)). Both customers and employees
might not want to take the risk of dealing with a bank whose future strategic alignment is
uncertain. Should a conservative and risk-averse CoCo bond holder suddenly take control,
the question arises: will high-risk business areas be closed even though they are positive
NPV? Do the new owners of the bank have sufficient industry knowledge to appoint the
right board members and take the right decisions? These questions might be of particular
importance during a crisis, which are the times when conversion is most likely.?® Please
note that change of control does not necessarily mean that CoCo bond holders own the
majority of outstanding shares, but simply that their holdings are large enough to grant
them a significant influence on the bank’s management. The fraction of shares necessary
to do so may thus depend on corporate governance mechanisms, laws and how widely
dispersed equity and contingent capital has been held.
Equity holders’ objective is to choose the type of CoCo bond (Convert-to-Steal, Convert-

to-Par) and volatility (o9, 0,) that maximize the equity value plus the proceeds from

330ne may argue that conversion would seem to indicate that management has not run the bank very
well. However, in line with the principle that thieves are the ones best suited to advise one on how to
prevent burglaries, those that have gotten the bank into trouble might be the only ones capable of getting
it out of it.
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selling CoCo bonds. The volatility, as it is not contractible, is chosen as to maximize the
equity holders’ claim. We further assume that CoCo bond holders correctly anticipate
equity holders’ incentives to risk-shift. Thus, using slightly informal notations, we can

write the equity holders’ optimization problem as:

max EquityV alue(Type, d) + CoCoProceeds(Type, )
ype

s.t. 0 = argmax EquityValue(Type, o) (C.1)

The trade off faced by equity holders is as follows. If they choose Convert-to-Par type
CoCo bonds, then buyers of these bonds will factor in expected change of control costs
Y - TP - Prob(Conversion) when pricing contingent capital. Ceteris paribus this reduces
proceeds from selling the CoCo bonds. If they choose Convert-to-Steal type CoCo bonds,
equity holders may have incentives to risk-shift. Risk-shifting decreases the value of assets
(but increases their volatility), so that equity holders will risk-shift with Convert-to-Steal
type CoCo bonds whenever the vega-effect (higher equity value due to higher volatility)
outweighs the delta effect (lower asset value due to inefficient investment).

Table C.1 provides a specific example using the same parameters as in Section 3.3 and
value 8 = 0.01, v = 0.03, o9 = 0.05, and o, = 0.075. The optimal solution according to
(C.1) is depicted in the last column. If asset volatility were contractible, Convert-to-Steal
without risk-shifting would always be optimal (no change of control costs, no costs from
value-destroying risk-shifting). The optimal solution in the case where asset volatility is

non-contractible is as follows:

e Convert-to-Steal without risk-shifting for low asset values: For asset values below or
equal to 102, vega is not large enough to outweigh the loss in asset value from risk-
shifting (values in column (2) are larger than in column (3)). 3 Thus, Convert-to-

Steal avoids change of control costs without the drawback of inefficient risk-shifting.

e Convert-to-Steal with risk-shifting for intermediate asset values: For asset values

between 103 and 107, vega is so large that equity holders prefer to engage in asset-

34In the extreme case, when assets are arbitrarily close to the trigger point, the probability of hitting
the threshold is equal to 100% independent of asset volatility.
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value-destroying risk-shifting. Convert-to-Par style CoCo bonds are not a viable
alternative in this area, because the likelihood of a conversion, and thus the likeli-
hood of incurring costs of change of control ¢ are too large (values in column (1)

are lower than values in column (4)).

e Convert-to-Par without risk-shifting for high asset values: For asset values between
108 and 113, the likelihood of conversion is low enough to make the Convert-to-Par
CoCo bonds without risk-shifting superior to the Convert-to-Steal CoCo bonds with

risk-shifting.

e Convert-to-Steal without risk-shifting for very high asset values: For asset values
above 113, the call option of equity holders is deep in the money, meaning that Vega
is very low. Therefore, the costs of a reduced asset value due to risk-shifting outweigh
the benefits arising from the convex pay-off profile. Equity holders can thus credibly
commit not to risk-shift, and the optimal solution is therefore a Convert-to-Steal

type CoCo bond without risk-shifting.

We have assumed so far that equity holders can only choose between Convert-to-Steal
type CoCo bonds and Convert-to-Par type CoCo bonds. Convert-to-Surrender type CoCo
bonds do not offer any advantage in this set-up, so they can be ignored without loss of
generality. One could easily extend the model to allow for intermediate versions between
Convert-to-Steal and Convert-to-Par by specifying ¢ to be an increasing function of the
percentage of shares held by CoCo bond holders after conversion. A similar argument
applies for the asset volatility. An extension to a continous choice of asset volatilities
is straightforward if we specify § as an increasing function of the asset volatility with
B(og) = 0. One could even go further and incorporate taxes and bankruptcy costs in
the model. If taxes are sufficiently high and interest payments on CoCo bonds are tax-
deductible, then CoCo bonds can be superior to equity financing. On the other hand, if
bankruptcy costs are sufficiently large, CoCo bonds will be superior to straight bonds.
The type of CoCo (Convert-to-Steal versus Convert-to-Par) would then again be governed

by the trade-off between change of control costs and asset substitution costs.
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Figure B.1: Vega and delta with two noisy asset value observations

This figure shows the vega and delta as a function of the current asset value V; for all four

cases (Convert-to-Steal, Convert-to-Surrender, Convert-to-Par, No CoCo bonds) in cases in

which there are two noisy observations of the asset value. Parameter values are: T' =5,

s =0.25, 0 = 5%, r = 0%, a = 1.25%, Npeposits = 85, Ncoco = 5, TP = 95, Vi = V;g,
[VS‘VE), 51,‘/:92,7' > t] = 100.
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