
A Reexamination of Contingent Convertibles with
Stock Price Triggers

George Pennacchi and Alexei Tchistyi1

16th Annual FDIC/JFSR Banking Research Conference
9 September 2016

1Both from Department of Finance, University of Illinois.



Contingent Convertibles (CoCos)

I CoCos or “contingent capital” are debt issued by banks that
convert to shareholders’equity or have a principal write down
when a triggering event occurs.

I As envisioned by Flannery (2005), CoCos would convert to a
pre-specified number of new equity shares when the bank’s
stock price declines to a pre-specified level.

I CoCos are potentially valuable for stabilizing individual banks
and the financial system. They have the advantages of

I debt during normal times (tax advantages, possible lower
agency costs).

I equity during times of stress by reducing the costs of financial
distress and bankruptcy.



Time of Conversion

I For CoCos to be effective in stabilizing banks as
going-concerns, they need to convert to new equity at the
onset of a bank’s financial distress.

I All CoCos issued thus far have conversion triggers linked to a
regulatory (book value) capital ratio, typically a core Tier 1
capital to risk-weighted assets ratio of 7%.

I Unfortunately, regulatory capital ratios fail to signal distress in
a timely manner and tend to be manipulated upward when
banks face stress.2

2See Mariathasan and Merrouche JFI (2014), Begley et al. (2015), and
Plosser and Santos (2015).



Tier 1 Capital to Debt Ratios Prior to Lehman Failure
(Haldane, 2011)



Market Value of Equity to Debt Prior to Lehman Failure
(Haldane, 2011)



Market Value Triggers

I A market value (e.g., the bank stock price) trigger appears
capable of converting CoCo at the onset of distress

I However, some policymakers and academics have become
skeptical of market value triggers.

I In part, their distrust derives from the analysis of Sundaresan
and Wang (SW) JF 2015 who conclude that basing a CoCo
trigger on the bank’s stock price leads to:

I multiple equilibria for the stock price when conversion terms
favor CoCo investors.

I no equilibrium for the stock price when conversion terms favor
the bank’s initial shareholders.

I Economists at international and national bank supervisory
authorities cite SW and multiple equilibria as a disadvantage
of market value CoCo triggers.3

3E.g., Avdjiev et al (2013) and Leitner (2012).



Our Paper

I We consider the same modeling framework as SW and
Glasserman and Nouri (GN) (2012), except that while they
both focus on CoCos that have a finite maturity, we study
CoCos that can be perpetuities (have a perpetual maturity).

I We find:

1. there is a unique stock price equilibrium when conversion
terms favor CoCo investors, confirming GN and identifying a
mistake in SW’s proof that explains their different result.

2. there is never a stock price equilibrium when conversion terms
favor shareholders and CoCos have a finite maturity.

3. for realistic parameter values, there is a unique stock price
equilibrium when conversion terms favor shareholders and
CoCos have a perpetual maturity.

I Thus, whether a CoCo has a perpetual versus finite maturity
is critical for a well-defined stock price equilibrium.



Importance of Our Main Result

I In practice, perpetual maturity CoCos appear to be the
standard, rather than the exception.

I Berg and Kaserer (2015) and Avdjiev et al. (2015) document
that the majority of CoCos issued thus far are perpetuities.

I In part this is due to the Basel III requirement that CoCos be
perpetuities to qualify as “Additional Tier 1” capital.



Model Assumptions: Bank Assets

I A bank’s assets generate cashflows, at , that are paid out to
claimants and satisfy the risk-neutral process

dat = µatdt + σatdz

I An implication is that the value of the bank’s assets, At ,
equals

At = at/ (r − µ)

where r > µ is the risk-free interest rate. Thus, the
risk-neutral process for At is

dAt = µAtdt + σAtdz



Model Assumptions: Bank Liabilities

I The bank initially has three types of liabilities:

1. Perpetual senior debt with principal B that pays a continuous
coupon at rate b.

2. n shares of equity (capital) with date t market price per share
St (if it exists).

3. CoCos with principal C that pay a continuous coupon at rate
c and convert to m new shares of equity when St first falls to
the trigger level L.

I Regulators close the bank the first time assets fall to bB/r ,
making senior debt default-free.



Dividends and Conversion Terms

I Note that dividends paid per share equal
[(at − bB − cC ) /n] dt prior to conversion and
[(at − bB) / (n+m)] dt after conversion.

I Also note that CoCo conversion terms favor
I CoCo investors when mL > cC/r .
I the bank’s initial shareholders when mL < cC/r .



Hypothetical “Post-Conversion”Bank

I Consider an identical bank with no CoCos but n+m shares of
equity.

I Its stock price per share is

Ut =
1

n+m

(
At −

bB
r

)
I Define Auc as U (Auc ) = L. Then

Auc = L (n+m) +
bB
r

is the level of assets at which the stock price equals L.



Definition of an Equilibrium Conversion and Stock Price

I Let τδ = inf {At ≤ bB/r} be the bank’s closure (bankruptcy)
date.

Definition: A pair of a conversion time, τ̂, and a pre-conversion
per-share equity value, Ŝt , is an equilibrium if τ̂ is a stopping time
adapted to the filtration generated by the Brownian motion zt such
that

τ̂ = inf
{
t ∈ [0,∞) : Ŝt ≤ L

}
,

and

Ŝt = EQt

[∫ τδ

t e
−r (s−t)

(
1{s≤τ̂}

1
n
(as − bB − cC )

+1{s>τ̂}
1

n+m
(as − bB)

)
ds
]
.



Equilibrium Link to Post-Conversion Bank

Lemma 1: For any stopping time τ̂ adapted to the filtration
generated by Brownian motion zt , Ŝt is continuous in t.

I Since information is continuous, the stock price cannot jump.

I Let τuc = inf {t ∈ [0,∞) : At ≤ Auc} be the first time the
post-conversion bank’s stock price equals the trigger level L.

Proposition 1: If there is an equilibrium, then conversion happens
when At = Auc , that is,

τ̂ = τuc = inf {t ∈ [0,∞) : At ≤ Auc} .

I Since the stock price cannot jump, conversion must occur at
the time when the post-converion bank’s stock price first
equals the trigger level L.



“Candidate”Stock Price for CoCo-Issuing Bank

I Given that τ̂ = τuc when an equilibrium exists, if there exists
an equilibrium then the pre-conversion stock price must be:

St (At ) =
1
n
EQt
[∫ τuc
t e−r (s−t) (as − bB − cC ) ds

]
+

1
n+m

EQt
[∫ τδ

τuc
e−r (s−t) (as − bB) ds

]



Solution for Candidate Stock Price

I The candidate stock price prior to conversion can be simplified
to

St =
1
n

{
At −

bB
r
− cC

r

[
1−

(
At
Auc

)−γ
]
−mL

(
At
Auc

)−γ
}

where

γ ≡ 1
σ2

µ− 1
2

σ2 +

√(
µ− 1

2
σ2
)2
+ 2rσ2

 > 0.
I While it is generally the case that a firm’s stock price is
increasing with the value of assets, it might not always be the
case in our setting of a bank issuing CoCos.



Conditions for Stock Price to Increase with Assets

Lemma 2: If one of the following is true:
(i) mL ≥ cC

r or
(ii) mL < cC

r and

σ2 ≥ 2(r + µγ∗)

γ∗(1+ γ∗)
,

where γ∗ ≡
bB
r +L(n+m)
cC
r −Lm

, or equivalently

L ≥ γcC − bB
r (n+ (1+ γ)m)

,

then St (Auc ) = L and St (At ) is strictly increasing in At for all
At ≥ Auc . Otherwise, St (At ) < L for some At > Auc .



Conditions for a Unique Stock Price Equilibrium

Theorem 1: When either condition (i) or (ii) in Lemma 2 is
satisfied, then there exists a unique equilibrium in which conversion
of CoCos happens when the asset level drops to Auc for the first
time and the equilibrium stock prices per share before and after
conversion are given by

St =
1
n

{
At −

bB
r
− cC

r

[
1−

(
At
Auc

)−γ
]
−mL

(
At
Auc

)−γ
}

and

St = Ut =
1

n+m

(
At −

bB
r

)
,

respectively. When neither condition (i) nor (ii) in Lemma 2 is
satisfied, then there is no equilibrium.



Implication for CoCo Value

I An implication of Theorem 1 is that when condition (i) or (ii)
in Lemma 2 is satisfied, the value of the CoCo prior to
conversion is

Ct = At −
bB
r
− nSt

=
cC
r
+

(
mL− cC

r

)(
Auc
At

)γ

I The CoCo’s value is greater (less) than an equivalent
non-convertible bond when the conversion terms

(
mL− cC

r

)
favor (disfavor) the CoCo investors.



Graphical Proof of Theorem

I Our illustrations use the following parameter values:

Parameter Value
Senior Debt Principal, B 90
Senior Debt Coupon, b 3.2%
CoCo Principal, C 5
CoCo Coupon, c 3.6%
Initial Equityholder Shares, n 1
CoCo Conversion Shares, m 1
Risk-neutral Cashflow Growth, µ 0.0%4

Volatility of Asset Returns, σ 4.0%5

Risk-free Interest Rate, r 3.0%

4Implies that dividends decline to zero at the time the bank is closed.
52003-2012 average for Bank of America, Citigroup, and JPMorgan Chase.



Conversion Terms Favor CoCo Investors, mL=8 > cC/r=6



Conversion Terms Favor Shareholders, mL=4 < cC/r=6
but (ii) Holds



Conversion Terms Favor Shareholders, mL=4 < cC/r=6
but (ii) Does Not Hold

σ = 0.25%



CoCos with Automatic Principal Write-Downs

I Consider a CoCo which has its principal written down to αC
when the stock price falls to L for the first time.

I We show this is equivalent to a conversion to equity case of
m = αcC/r .

I The stock price after write-down is

URt =
1
n

(
At −

bB
r
− α

cC
r

)
and the candidate stock price prior to write down is

SRt =
1
n

{
At −

bB
r
− cC

r

[
1−

(
At
ARuc

)−γ
]
− α

cC
r

(
At
ARuc

)−γ
}

where ARuc = nL+
bB
r + α cCr .



Conditions for a Unique Stock Price Equilibrium
(Write-Down)

Lemma 3: If one of the following is true:
(i) α ≥ 1 or
(ii) 1 > α > γcC−bB−nrL

cC (1+γ)

then SRt (Auc ) = L and S
R
t (At ) is strictly increasing in At for all

At ≥ ARuc . Otherwise, SRt (At ) < L for some At > ARuc .

Theorem 2: When either condition (i) or (ii) in Lemma 3 is
satisfied, then there exists a unique equilibrium in which the
contingent debt is written-down when the asset level drops to ARuc
for the first time and the equilibrium stock prices per share before
and after the write-down are given by SRt and U

R
t , respectively.

When neither condition (i) nor (ii) in Lemma 3 is satisfied, there is
no equilibrium.



Critique of Sundaresan and Wang (2015)

I In terms of our model’s notation, Sundaresan and Wang
(2015) claim that a necessary and suffi cient condition for a
unique stock price equilibrium is Ct = mL for all t prior to
conversion.

I In our model, this occurs not only when mL = cC/r since we
showed

Ct =
cC
r
+

(
mL− cC

r

)(
Auc
At

)γ

whenever conditions (i) and (ii) of Lemma 2 are satisfied.
However, conditions (i) and (ii) include many cases where
mL 6= cC/r .

I SW make a mathematical error in the proof of their Theorems
1 and 2. Their condition (A10) need only hold at the time of
conversion, not all times prior to conversion.



Candidate Stock Price when CoCo Maturity is Finite

I We show that the candidate equilibrium stock price prior to
maturity is

S̄(At , Āuc , q) =
1
n
(At − B − C̄ (At , Āuc , q))

where C̄ (At , Āuc , q), the candidate equilibrium CoCo price, is
a long, closed-form expression given in the paper.

I We also show that when C > mL, there always exists a
suffi ciently small time until maturity where S̄(At , Āuc , q) is
not increasing in At .



Equilibrium with Finite-Maturity CoCos
Theorem 3: When a CoCo has a finite maturity and
(i) if mL ≥ max{C , cCr }, then there exists a unique equilibrium in
which the CoCo’s conversion occurs when the bank’s asset level
drops to Āuc for the first time and where the equilibrium stock
prices per share before and after conversion are given by
S̄(At , Āuc , q) and Ūt (At ), respectively;
(ii) if mL < C, then there is no equilibrium stock price. Moreover,

lim
q→0

{
∂S̄(At , Āuc , q)

∂At

∣∣∣∣
At=Āuc

}
= −∞; (1)

(iii) if C ≤ mL < cC
r , then there is no equilibrium stock price if

the CoCo’s maturity is suffi ciently long and condition (ii) of
Lemma 2 is not satisfied.

I Therefore, a finite-maturity CoCo’s lump sum principal
payment destroys many possible unique equilibria present with
perpetual maturity CoCos.



Extensions of the Model

I The Appendix shows that an extension of the model to
incorporate direct costs of bankruptcy and default-risky senior
debt expands the set of parameters for which a unique stock
price equilibrium exists.

I In practice, most perpetual maturity CoCos give the issuing
bank the right to call its CoCo.

I The Appendix also shows that when the issuing bank follows
the call policy that maximizes shareholder value, the set of
parameters for which a unique stock price equilibrium exists
expands relative to that for the basic model’s non-callable
CoCo.



Conclusions

I When CoCos are perpetuities, as are most actual CoCos, there
are a wide variety of realistic conditions under which stock
price-triggered CoCos have a unique equilibrium.

I The existence of a unique stock price is more likely when the
bank’s asset return volatility is higher, when there are direct
costs of bankruptcy, or when CoCos are callable.

I We believe this is an important result since market prices are
essential for triggering conversion at the onset of financial
distress.

I CoCos with early market price triggers preserve banks as
going-concerns and can enhance financial system stability.




