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Contingent onvertibles. Solving or seeding thenext banking risis?First draft: January 2010; This draft: Otober 2010AbstratA reent proposal to enhane banking stability reommends the use ofontingent onvertibles (CoCos). Sine these hybrid seurities are manda-torily onverted into equity when banks are in need of a reapitalization,they are redited for reduing banks' likelihood of �nanial distress. In thispaper, we show within a ontinuous-time framework that this allegedlybene�ial impat hinges ritially on the assumption of omplete ontrats.We show that although CoCos always distort risk taking inentives, Co-Cos an reate wealth for all involved investors. Our main ontribution isto demonstrate that a higher investors' wealth from CoCo �naning anause a higher bank's probability of �nanial distress so that the bankingsystem as a whole will be destabilized. Thus, individually rational dei-sions an have systemially undesirable outomes. Further results indiatethat CoCos should be used only in onjuntion with devies to mitigaterisk shifting inentives. This objetive an be aomplished by a striterregulation and a higher onversion ratio.JEL lassi�ation: G32, G21, G28Keywords: Contingent apital erti�ates, Reverse onvertibles, Restruturingmehanisms, Regulatory hybrid seurity



1 IntrodutionIn the aftermath of the �nanial market risis of 2008/09, several ulprits havebeen named that ontributed to the near melt-down of the �nanial system.While still subjet to ongoing debate, there seems to be onsensus that one majorproblem was related to the high leverage ratios of banks, whih left them withsevere problems of reapitalization when market onditions worsened abruptly.One proposal, that has reeived muh attention in reent times to help alleviat-ing the problem of exessive leverage ratios is to indue banks to issue so-alledontingent onvertible (CoCo) bonds, also known as enhaned apital notes orontingent apital. The key feature of these hybrid seurities is that they payoupons like normal bonds but are automatially onverted into ordinary sharesone the equity ratio falls below a predetermined threshold. This proposal hasgained momentum in November 2009 when Lloyds Banking Group launhed aapital raising whih inluded the issuane of ¿7.5 billion in ontingent onvert-ibles.1 Governments as well as regulators seem to put muh hope in these newseurities.2 Only reently, the Bank for International Settlement announed thatas part of their reform pakage, they will review the role of ontingent apitalwithin the regulatory apital framework,3 and in Switzerland, an expert groupreommended that banks will have to hold 19% apital, where nine perent arerequired in ontingent apital.4Advoates of ontingent onvertibles onsider these hybrid seurities as a transpar-ent, e�ient and less ostly resolution mehanism for distressed banks, beause1 The ase of Lloyds has gained attention for two reasons. First, it was the biggest issuaneof CoCo bonds sofar and seond, the British government has a 43% stake in Lloyds. Seee.g. the Finanial Times �Lloyds to o�er sweeteners to bondholders�, November 1, 2009, andFinanial Times �UK experiment raises prospets of new asset lass�, November 5, 2009.2 As doumented in speehes by Ben Bernanke, hairman of the US Federal Reserve, PaulTuker, deputy governor of the Bank of England and Lord Turner, hairman of the FinanialServies Authority. See e.g. the speeh by Ben Bernanke to the US House Finanial ServiesCommittee on Otober 1, 2009, the Finanial Times �The sweet �x of CoCos?�, November 12,2009 and The Wall Street Journal �Poliy Makers Disuss Bank Capitalization�, November17, 2009.3 See the press release at January 11, 2010.4 See e.g. Finanial Times �Capital proposal targets UBS and Credit Suisse�, Otober 4, 2010.1



they provide an inrease of the equity ratio at pre-ommitted terms when thebank is in a di�ult situation due to a severe loss of their asset value. Therefore,this feature redues the danger of a ostly default or, alternatively, supervisoryintervention. At �rst glane, the idea seems impeable. During good times, thebank takes advantage of the bene�ts of debt �naning, suh as e.g. exploiting�naning and/or tax advantages, while in bad times, when debt obligations im-pose the risk of �nanial distress, these seurities automatially onvert to equityand mitigate the default risk.In some sense, ontingent onvertibles seem to be the ake, one likes to haveand eat it too. However, a fundamental doubt that CoCo bonds do the trik,omes from theoretial onsiderations about the optimality of debt �naning. Alarge body of literature argues that within an inomplete ontrats setting, debtis an optimal �naning arrangement beause it o�ers �xed payments in goodstates, while in bad states it stipulates transfer of ownership. The threat of los-ing ownership, or more generally ontrol rights, exerts a disiplining e�et on thedeision-makers of the �rm. Hart and Moore (1998) undersore the importantdistintion between ash �ow rights and ontrol rights for the theoretial expla-nation of debt ontrats. However, by onstrution, CoCo bonds postpone thetransfer of omplete ontrol rights. Thus, ontingent onvertibles may distortdeision-makers' inentives.This paper is, to the best of our knowledge the �rst theoretial ontribution thattries to shed light on potential drawbaks of ontingent onvertibles due to dis-torted risk inentives. Within a ontinuous-time strutural model, we onsidera ommerial bank engaged in the deposit taking business whih satis�es addi-tional �naning needs by aessing apital markets. In line with the pratialevidene from Lloyds, we analyze the impat of exhanging straight bonds withontingent onvertible bonds. In our analysis, we distinguish between two ases:A omplete ontrat and an inomplete ontrat setting. In the former, we as-sume the investment poliy of the bank to be given (or to be ontratible), whilein the latter ase bank managers have disretion over the hoie of the bank'sinvestment risk. From our analysis, we �nd that CoCo bonds are unambiguouslybene�ial if the bank annot hange its business risk. However, we also �nd thatresults hange dramatially if we onsider inomplete ontrats. We show that2



CoCo bonds always distort risk taking inentives and indues deision-makers toat less prudent. As a main result, we demonstrate that although CoCo bondsare optimal in the sense that they are fairly pried and �rm value maximizing,the distorted risk-taking inentives an atually inrease the bank's probabilityof �nanial distress as well as the expeted distress osts substantially. Contraryto the initial intention, CoCo bonds an reate negative externalities for theeonomy in the sense that individually rational deisions may have systemiallyundesirable outomes.While normal onvertible bonds have been analyzed extensively in the litera-ture (see e.g. Brennan and Shwartz, 1977; Ingersoll, 1977; Brennan and Shwartz,1980; Brennan and Kraus, 1987; Nyborg, 1995), there are only few reent aa-demi ontributions dealing spei�ally with ontingent onvertibility provisions.Flannery (2005, 2009) argues that ontingent onvertibles are an e�etive meh-anism to exert market disipline, beause by issuing CoCo bonds shareholdersinternalize, i.e. bear the full ost of their risk taking deisions rather than relyon the (ostless) regulatory bail-out option. In a related analysis, Landier andUeda (2009) disuss several options for a bank restruturing, among whih theymention onvertible debt. In line with the reasoning by Flannery (2009), theyonlude that onvertibles an derease the probability of default (see Landierand Ueda (2009), p. 25). Aharya et al. (2009) simply state in their reent on-tribution that assesses the strengths and weaknesses of the US �nanial reformlegislation: �Contingent apital is learly a good idea�.5More reently, Glasserman and Nouri (2010), Pennahi (2010), and Sundaresanand Wang (2010) put forward theoretial models of CoCo bonds. Glassermanand Nouri (2010) and Pennahi (2010) both analyze the priing of CoCo bondswhen onversion an take plae ontinuously (Glasserman and Nouri, 2010) orwhen the bank's asset value follows a jump-di�usion proess and interest ratesare stohasti (Pennahi, 2010). Sundaresan and Wang (2010) fous on thedesign of the onversion trigger, and argue that for a wide lass of trigger meh-anism there does not exist a unique equilibrium for equity and bond pries, thusopening up the possibility of prie manipulation.5 Aharya et al. (2009), p. 43. 3



The work by Flannery (2005, 2009) has reeived onsiderable attention and CoCobonds have been mentioned favorably in poliy reommendations by e.g. Stein(2004), Kashyap et al. (2008), Kaplan (2009), and Du�e (2009). While ontin-gent onvertibles are welomed by pointing out their ability to overome problemsof high leverage, Hart and Zingales (2009) reognize that the proposal by Flan-nery (2005) eliminates some of the disiplinary e�ets of debt.6 However, sinetheir fous is on the implementation of a new apital regulation for systemiallyimportant banks, they do not explore that issue in detail. As a further poliyreommendation, the so-alled Squam Lake Working Group on Finanial Regu-lation advoates the use of ontingent apital as a transparent, e�ient and lessostly resolution mehanism for distressed banks.7One of the few onerns that have been raised against CoCo bonds so far pointstowards a potentially destabilizing e�et whih might our when large insti-tutional investors, who are not allowed to hold shares, are fored to sell theironverted bond position. This e�et might exaerbate the share prie delineand spur doubts about the bank's stability.8 With respet to a potential moralhazard problem, the aademi literature so far seems to onsider risk-shiftingproblems of CoCo bonds to be marginal at most. Flannery (2005, 2009) on-ludes from verbal reasoning rather than from a formal model-based approahthat risk-taking inentives an be ontrolled through the internalization of risk-shifting osts. Pennahi (2010) admits the presene of risk-shifting inentivesbut argues that they are less pronouned as with subordinated debt. Glassermanand Nouri (2010) analyze how higher risk impats the yield spread, but do notexplore the stability onerns of CoCo bonds.Thus, to the best of our knowledge, our ontribution is the �rst that fouses onpotentially adverse impliations of CoCo bonds from distorted risk-taking inen-tives. In the light of the reent banking risis, it need not be stressed that theanalysis of banks' risk taking behavior is of ruial importane. Our results are6 See Hart and Zingales (2009), p. 5.7 The Squam Lake Working Group resembles �fteen distinguished aademis as e.g. DarrellDu�e, Douglas Diamond, John Cohrane, Robert Shiller and Raghuram Rajan. See SquamLake Working Group (2010).8 See Finanial Times �Stability onerns over CoCo bonds�, November 5, 2009, and FinanialTimes �Report warns on CoCo bonds�, November 10, 2009.4



an important warning signal that CoCo bonds may reate negative externalities,in the sense that the (destabilizing) risk-shifting problem indued by CoCo bondsmay overompensate the (stabilizing) e�et of providing a pre-ommitted reapi-talization to banks.The artile is organized as follows. The next setion sets up the generalmodel framework and determines the optimal �naning behavior with straightbonds and CoCo bonds. In setion 3, we analyze the impat of CoCo �naningif omplete ontrats an be written, i.e. when the bank has no disretion overthe risk tehnology. Setion 4 analyzes the ase where ontrats are inomplete,i.e. the bank an hange the investment risk. Setion 5 onludes.2 General Model Framework2.1 Initial BankIn line with Bhattaharya et al. (2002), Deamps et al. (2004) and Rohet (2004),we onsider a bank with assets in plae that ontinuously generate instantaneousash �ows before taxes equal to xt, whih are assumed to be driven by a GeometriBrownian Motion9
dxt = µxt dt+ σxt dzt, (1)where µ and σ are onstant drift and di�usion parameters, and zt denotes a stan-dard Wiener proess. We will apply the arbitrage-free valuation priniple where(for priing purposes) the proess in (1) is onsidered under the risk-neutral mea-sure Q. In the following setions, we will analyze both, the ase where the proessof the ash �ows governed by µ and σ is exogenously given, and the ase wherebank managers have disretion over the ash �ow proess and an swith to a9 While being a standard assumption in the literature, the assumption of Geometri BrownianMotion implies that EBIT is always non-negative. However, this is no major restrition sineit does not hange the general behavior of a bank as EBT (i.e. EBIT after interest payments)an still beome negative, whih then requires outside �naning. Furthermore, in pratie,the EBIT of banks is virtually never observed to be negative.5



di�erent risk parameter σ. An inrease in the bank's ash �ow risk an be inter-preted either as a relaxation of monitoring ativities in the sense of less arefulrisk management ativities (see e.g. Deamps et al., 2004), or as a shift in theinvestment poliy towards more risky seurities as in the lassi asset substitutionproblem (see e.g. Jensen and Mekling, 1976; Green, 1984; Leland, 1998).As a seond salient harateristi, we adopt the frequently made assumption inthe �nanial intermediation literature that banks' assets are sold at a signi�antdisount when the bank is losed. The disount may re�et the illiquidity ofbanks' assets due to speialized human apital (as e.g. argued in Diamond andRajan, 2000, 2001) or adverse seletion osts due to opaity, i.e. informationasymmetry.10 In this sense, at the time of losure T , banks' assets are assumedto have a liquidation value of Λ = λ xT

r−µ
, where r denotes the risk-free interestrate.11 We onsider a orporate tax rate equal to τ and ignore additional taxes onthe private level.12 Sine the liquidation value annot exeed the after-tax risk-less value of a perpetual ash-�ow stream, λ has to lie between zero and (1 − τ).This formulation of λ omprises as a speial ase the frequently employed allequity value after taxes and bankrupty osts whih is well-known as λ xt

r−µ
with

λ = (1 − α) · (1 − τ) for proportionate bankrupty osts α.13On the liabilities side, the main harateristi of ommerial banks is their abilityto take deposits. We assume the bank to have a given volume of deposits thatrequire an aggregate ontinuous, instantaneous interest payment of d. We take
d to be exogenous. The reasoning behind the fat that in our model, the bankannot arbitrarily hoose the deposit volume is as follows. On the one hand, theavailable amount of deposits is limited so that a given maximum amount anhardly be exeeded without o�ering unreasonable high deposit rates. On theother hand, deposits are a possibility to reate a lose relationship to ustomers10 See e.g. Stein (1998) for an adverse seletion model, and Morgan (2002) for evidene on theopaity of banks' assets.11 As it is standard, r is assumed to be onstant and µ < r to ensure �nite solutions.12 This is only for reasons of parsimony and does not hange subsequent results as long as thereis a tax advantage to debt �naning after orporate and personal taxes. Furthermore, weassume that losses ause immediate (negative) tax payments, whih ontrasts with a morerealisti asymmetri tax-regime, but whih is imposed for tratability reasons.13 See e.g. Leland (1994), Goldstein et al. (2001), and Morelle (2004).6



and an therefore be understood as an option to future valuable deals (e.g. afterinvesting into deposits, a ustomer might want to �nane the aquisition of aostly good by a loan from the bank). Thus, the bank must keep the deposits ona given level to avoid an ine�ient redution of the future business. As a result,our model aounts for the fat that banks have a positive deposit volume withan exogenous nature.As long as the bank is solvent, depositors reeive their ontratual interest pay-ment d. The residual ash �ow (xt − d) (1 − τ) is paid out as dividends to thebank's equity holders. Sine xt an be onsidered as the earnings before interestand taxes (EBIT), the di�erene xt − d denotes EBT, and thus (xt − d) (1 − τ)denotes the after tax dividend payment. We assume that total revenues are en-tirely paid out to investors. Moreover, we do not allow for adjustments of thedebt struture. With this stati view, we aount for the fat that espeiallyduring times of a banking risis, banks only have very limited possibilities toadjust the apital struture. Given that the apital struture ould be arbitrarilyadjusted at no osts, a default ould be prevented in our model (see e.g. Kozioland Lawrenz, 2009).A typial approah within this model lass from the orporate �nane litera-ture (see e.g. Fisher et al., 1989; Leland, 1994; Goldstein et al., 2001) is to assumeperfet markets and unregulated �rms. Therefore, equity holders are willing toinjet apital as long as they onsider it to be a worthwhile investment, and de-fault of a �rm an only our for reasons of indebtedness. The default event isa result of the optimizing behavior of owners and therefore endogenous. Whilethis may be a reasonable approah for modeling the default deision of standardnon-�nanial �rms, it may be less appropriate for banks for basially two reasons.First, banks are regulated and not at least due to mandatory minimum apitalrequirements, the default deision is subjet to an exogenous onstraint. Thisis onsistent with e.g. Deamps et al. (2004). Seond, as witnessed during thereent banking risis, banks in �nanial distress fae various di�ulties or ostsin raising apital. Thus, severe �nanial fritions in times of stress also imposeexogenous onstraints on the �naning of banks, and an result in default forreasons of illiquidity. The importane of the inability to raise apital in times of7



stress need not to be emphasized in light of the reent turmoil on international�nanial markets and is the very reason that underlies the proposal for ontingentonvertibles.For these reasons, we onsider �nanial distress as being triggered by an ex-ogenous onstraint that may be interpreted in both ways. Either as regulatoryintervention, or as the inability to raise further apital. In tehnial terms, �nan-ial distress is modeled as a stopping time, whih is de�ned as the �rst time, theash �ow proess xt hits the boundary ξ from above, i.e. Tξ = inf{t; xt ≤ ξ}.It is reasonable to expet that the �nanial onstraint, i.e. the boundary ξ willdepend on the extent of the bank's debt liabilities. In terms of a regulatory inter-vention threshold, it is onsistent with a minimum apital requirement. Therefore,we onsider the exogenous boundary to be related to the bank's debt liabilitiesin a linear way:
ξ(π) = φ π, (2)where we use π to generally denote the bank's instantaneous payments to alldebt holders, and φ > 0 as a onstant that determines the severity of �nanialonstraints.Note that in order to be binding, the exogenous threshold ξ(π) must be at leastas high as the endogenous default threshold ξ∗(π) that would be optimal for theshareholders without any exogenous restritions.Under the assumptions of the model, it is standard to show that the valuationof equity holders' laim, denoted as St, is given by14
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Q
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)β is to be interpreted as a probability-weighted disount fator, oras the state prie of one unit of aount onditional on the event that xt hits ξ.1514 See e.g. Fisher et al. (1989), Mella-Barral (1999) and Deamps et al. (2004).15 To ease notation, we will be sloppy sometimes, and write ξ without argument.8



β is the (negative) solution to the quadrati equation σ2

2
β(β − 1) + µβ − r = 0,given by β = −(µ− σ2/2 +

√

2 r σ2 + (µ− σ2/2)2)/σ2.For ease of notation, we use the following onvention. Write V(y, π) = (1 −
τ)
(

y
r−µ

− π
r

), and D(y, y′) =
(

y
y′

)β , then (3) is more ompatly expressed as
St = V(xt, π) − V(ξ, π)D(xt, ξ). (4)If the bank has only deposits, the total interest payment to debt holders, πequals d. We assume deposits to be insured, where the bank has to pay a fairdeposit insurane premium. Sine the work of Merton (1977), it is well knownthat the value of the deposit insurane protetion orresponds to the value of aorresponding put option, whih we denote by I.16 For a given deposit volume d,the insurane premium is found to be

It = max

{

λ

r − µ
ξ − d

r
, 0

}

· D(xt, ξ). (5)Obviously, insurane makes deposits riskless. If depositors disount future inter-est payments at the risk-free rate r, the aggregate deposit value, denoted as D,equals D = d/r. Therefore, sine the bank pays It for protetion, the value ofdeposits for the bank is D − It.2.2 Bank With Bond FinaningWhile deposits are given, the bank an aess apital markets to satisfy addi-tional �naning needs. In the following, we will ompare two types of bonds, astraight bond and bonds exhibiting the mandatory onvertibility feature. Fortratability, we assume a straight bond to be a �xed-oupon onsol bond thatpromises a ontinuous instantaneous oupon payment b to bondholders. The to-tal interest payment π of the bank is therefore: π = d+ b. In general, the higherdebt liabilities will raise the default threshold ξ, sine due to the higher interestpayment obligation, the bank runs into �nanial di�ulties already at higher ash�ow levels. In ase of default, most banking systems stipulate seniority amongdebt laims for depositors with bondholders being subordinated. Aording to16 An alternative onsideration of 'heap' deposits would not ruially a�et our analysis be-ause the important relationship between the equity value and risk still remains.9



this priority struture, the available reovery value should be split in a way thatbondholders obtain part of the liquidation value only if depositors have beenompensated in full. In pratie, absolute priority annot always be enfored,and the atual split-up is often the result of a bargaining proess. It would bestraightforward to expliitly model the sharing rule as a (Nash) bargaining solu-tion following e.g. Fan and Sundaresan (2000) and Mella-Barral and Perraudin(1997). However, for our purposes, the preise sharing rule is not ruially im-portant for the following reason. As long as equity holders' laim in default isnot a�eted by the sharing rule,17 the split-up among debt holders is irrelevantto equity holders and therefore does not a�et any deisions made by the bankowners. We take this fat as justi�ation to pursue a redued-form modelingapproah, and to assume that a ertain fration θ of the liquidation value λξ goesto bondholders. Similar to (3), the value of the straight bond at time t, denotedas Bt, an be expressed as
Bt =

b

r
+

(

θλξb −
b

r

)

D(xt, ξb).Note that the knowledge of θ is not required for our analysis, beause only thetotal debt value B0 +D−I0 net of insurane osts will be required, whih is inde-pendent of the distribution of the bank between the depositors and bondholdersin the ase of a default. The equity value an still be expressed as in (4), with
π = d+ b, and a presumably higher ξb whih we distinguish with the supersript
b to indiate the straight bond ase.While we take the deposit volume as exogenous, we assume the bank to opti-mally adapt their remaining �naning needs by issuing a orresponding amountof bonds (proxied by the aggregate oupon payment). Therefore, b is a hoievariable, and the optimal bond oupon b∗ is the result of the maximization of thevalue of all laims net of the value of the deposit insurane premium

b∗ = arg max
b

{Sb
t +Bt +D − It}As usual, the maximization of the bank value Sb

t +Bt +D− It is onsistent withthe maximization of the equity holders' wealth Sb
t + Bt − It. This is a result of17 This ondition is most obviously satis�ed if priority between debt and equity holders isenfored, and equity holders' laim in default is zero.10



the notion that equity holders keep the stoks, pay the deposit insurane It withash injetions and reeive a speial dividend equal to the bond value Bt. (Sinethe deposit value is insured, D equals d/r and is therefore independent of theoupon b.)With the general onstraint ξb = φ · (d+ b), the �rst derivative of the bank value
V b

t = Sb
t +Bt +D − It with respet to b is

∂ V b
t

∂ b
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r
− ζ

r
D(xt, ξb), (6)where ζ = (1−β)((r−µ)τ+φr((1−τ)−λ)

r−µ
. From the properties β < 0, φ > 0 and 0 ≤

λ ≤ (1 − τ) < 1, it follows that ζ > τ > 0 whih implies a positive derivativefor D(xt, ξb) → 0, while the derivative is negative for D(xt, ξb) → 1. The fatthat D(xt, ξb) inreases monotonially in ξb (i.e. in the debt level) on�rms theexistene of an optimal debt level. Solving the �rst order ondition yields b∗ as
b∗ =

xt

φ

(

τ

ζ

)−1/β

− d. (7)The �rst term on the right-hand side of (7) determines the debt apaity of thebank whih depends upon its growth potential, risk, urrent ash �ow level, theliquidation osts λ and the strength of �nanial onstraints φ. As it an beveri�ed from (7), high liquidation osts (small λ) as well as a strong �nanialonstraint (high φ) urtail the bank's debt apaity. Note that in the optimum, abank issues less bonds if it has already a high volume of deposits. We assume thatthe exogenously given deposit volume is suh that the bank has not exhaustedits debt apaity, i.e. b∗ > 0.2.3 Bank With CoCo FinaningAs an alternative to raise apital with a straight bond, the bank an issue on-tingent onvertible (CoCo) bonds. Before onversion, CoCo bonds are equivalentto ordinary straight bonds in that they pay a �xed oupon rate. We denote theontinuous instantaneous oupon payment of CoCo bonds as c. The main dif-ferene to straight bonds is the onversion feature. The ontrat of CoCo bondsstipulates that onversion will take plae one the (ore) apital ratio of the bankfalls below a ertain threshold. Upon onversion the former bondholders will11



hold an equity laim, i.e. they reeive newly issued shares, whih entitles themto a fration of the bank's pro�t. In our model setup this is neatly re�eted byintroduing the parameter γ, whih denotes the fration of the bank's after-taxpro�ts that goes to former CoCo bondholders. If the number of shares (after on-version) is normalized to 1, γ is also neatly interpreted as the number of sharesgoing to former CoCo bondholders. The fat that former equity holders reeivethe remaining fration 1 − γ, whih is less than before onversion, is onsistentwith the dilution e�et of a seasoned new issue. Obviously, former bondholdersalso reeive proportionate voting rights.To formalize the onversion feature, we de�ne the ash �ow barrier χ as thethreshold at whih the bond is onverted into equity. Sine after onversion, thedebt only onsists of deposits, the bank has a smaller interest payment obligation.The redued debt obligations lower the default threshold ξc, where we add thesupersript c to indiate the ase of the CoCo bond. By applying the generalthreshold de�nition in (2), we have χ = φ · (d + c) and ξc = φ · d. This hoieof χ ensures that a onversion takes plae at a time when the bank would fae�nanial distress if it had not issued bonds with a mandatory onvertibility fea-ture. Furthermore, the hoie of χ also ensures that the highest volume of taxshields for given interest payments d + c an be generated.18 The valuation forCoCo bonds at time t, denoted by Ct, and the value of initial (old) equity holdersis given by
Ct =

c

r
(1 −D(xt, χ)) + γD(xt, χ) (V(χ, d) − V(ξc, d)D(χ, ξc)) (8)

Sc
t = V(xt, d+ c) − V(χ, d+ c)D(xt, χ) +

(1 − γ)D(xt, χ) (V(χ, d) − V(ξc, d)D(χ, ξc)) (9)As xt → ∞, D(xt, χ) → 0, and Ct approahes c/r, i.e. for very high ash �owlevels, the value of the CoCo bond approahes its risk-free value. At xt =

χ, D(xt, χ) = 1, and CoCo bondholders are holding an equity laim worth
γ (V(χ, d) − V(ξ, d)D(χ, ξc)), i.e. a fration γ of total equity.Eventually, we are interested in evaluating if a CoCo bond is an attrativealternative for the bank. At �rst glane, it seems meaningful to ompare the18 We explore the impliations of di�erent hoies for the onversion threshold in setion 4.3.12



bank's equity value when it has a straight bond outstanding to the ase when itraises the same amount of debt with a CoCo bond.19 However, suh an approahignores the fat that a CoCo bond issue an hange the overall debt apaityof the bank. Therefore, we need to solve a related maximization problem as inthe previous setion, i.e. the optimal CoCo bond oupon c∗ has to solve maxc V
c
t ,where V c

t = Sc
t + Ct + D − It is the bank value (inluding the deposit insur-ane obligation) under CoCo �naning. Plugging in from (8) and (9), the �rstderivative of V c
t with respet to c is

∂ V c
t

∂ c
=
τ

r
− ζc

r
D(xt, χ), (10)where ζc = τ(π−c β)

π
. Again, ζc > τ > 0 so that as in the previous setion, it anbe veri�ed that for D(xt, χ) → 0, the derivative is positive, while it hanges signas D(xt, χ) tends to one. Thus, a maximum in the oupon c exists. Although

c∗ annot be determined analytially, we will show in the next setion, that theoptimal oupon of a CoCo bond will be higher than the optimal oupon of astraight bond.3 CoCos as Solution Against Banking Crises �Complete ContratsWith the framework set up in the previous setion, we an now address the issuewhether a CoCo bond is an attrative alternative for banks and has the potentialto mitigate future banking rises. We analyze this issue along two dimensions.First, we onsider whether the use of CoCo bonds is worthwhile for bank owners.Seond, we analyze whether the use of CoCo bonds is bene�ial to the eonomyin the sense that it dereases the risk that a bank runs into �nanial distressmeasured by both the default probability and the osts of distress.19 For the analysis of rating-trigger step-up bonds, Bhanot and Mello (2006) take suh anapproah. For a disussion, see also ?.
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3.1 Inentive CompatibilityAs a �rst result, we show that for a given deposit volume, the bank has a higherdebt apaity if it issues CoCo bonds relative to straight bonds. In other words,the optimal oupon of a straight bond issue is lower than the optimal oupon ofa CoCo bond. To derive this result, we establish the following laim.Lemma 1 For a given ash �ow level x0, deposit volume d, all admissible pa-rameter values (i.e. 0 < µ < r, β < 0, 0 < φ, 0 < τ < 1, and λ < (1 − τ)), andany given oupon level k suh that ξ = φ · π < xt, it holds
∂ V b

t

∂ b

∣

∣

∣

b=k
<
∂ V c

t

∂ c

∣

∣

∣

c=k
.The proof is in appendix A.1. From lemma 1, two important onlusions anbe drawn. Sine the slope ∂ V c

t

∂ c
of the bank value with CoCo bond �naning ispositive for a given oupon k for whih the orresponding slope ∂ V b

t

∂ b
= 0 of thebank value under straight bond �naning is zero, it immediately follows that theoptimal oupon c∗ of the CoCo bond must be larger than b∗ of the straight bond.Seond, the bank's �rm value under the optimal oupon hoie is higher for CoCobonds than for straight bonds, i.e.

V b(b∗) < V c(c∗).This inequality is a result of the fat that for c = 0, V b
t must equal V c

t sine χ = ξ.Thus, both �rm value funtions originate in the same point. By integrating, weobtain V b(k) < V c(k) from lemma 1 for any given oupon k and therefore it musthold V b(b∗) < V c(c∗) due to c∗ > b∗.Eonomially, the higher bank value is a result of the fat that bonds with ahigher oupon an be issued that reate additional tax shields. For the ase of aCoCo bond, this advantage of debt is not ountered by the typial disadvantageof higher expeted distress osts, beause due to the onvertibility feature, aonversion takes plae before the bank will run into �nanial distress. As aresult, additional tax shields are reated by CoCos without inreasing the defaultprobability. It is worth noting, that the same qualitative result will also hold, if an14



alternative trade-o� model for debt �naning is onsidered. Thus, the assumptionof a tax shield is not ruial, and ould be substituted by some other advantageof debt �naning.3.2 Severity of Finanial DistressFrom the systemi perspetive that a regulator will take on, two aspets of �nan-ial distress are interesting. On the one hand, the severity of �nanial distressan be evaluated as the expeted (present value of) distress osts. On the otherhand, it is also important to quantify the likelihood that a distress event willour within a given time period. Formally, the bank enters �nanial distress inour setup when the ash �ow xt hits the distress threshold, whih is ξb in thease of straight bond �naning and ξc for CoCo bond �naning. Sine interestpayments after onversion are redued to π = d, the default threshold ξc = φ · dis lower than ξb = φ · (d + b). The probability that the bank enters �nanialdistress within a given time horizon T is equivalent within our framework to theprobability that the ash �ow proess xt hits the boundary ξ from above given aurrent level of x0. From standard results,20 this an be alulated as
Pξ,T = Prob{Tξ < T} = N

(

z̄ − µ̂ T

σ
√
T

)

+ exp

{

2 µ̂ z̄

σ2

}

N

(

z̄ + µ̂ T

σ
√
T

)

, (11)where z̄ = log(ξ/x0), µ̂ = µ − σ2/2, and N(·) denotes the standard normalumulative distribution funtion. Note that z̄ inreases in ξ, from whih it isimmediately obvious that Pξ,T is monotonially inreasing in the threshold ξ.Therefore, it follows for any time horizon T that the default probability withCoCo bond �naning is smaller than the orresponding probability under straightbond �naning
Pξc,T < Pξb,T .Apparently, the inequality holds for any arbitrary drift rate µ so that we do notneed to distinguish between the physial and risk-neutral drift rate.As a seond measure of the severity of �nanial distress, we an ompare theexpeted distress osts between straight bond and CoCo bond �naning. We20 See e.g. Björk (1998), Ch. 13. 15



�nd the same unambiguous positive e�et of CoCo bonds and report details inAppendix A.2. We summarize the �ndings in this setion inProposition 1 (Contingent onvertibles in a omplete ontrat setting) Underthe possibility to write omplete ontrats, CoCo bonds are inentive-ompatiblein the sense that an optimally designed bond inreases the bank's �rm value andmitigates the severity of �nanial distress doumented by a lower probability of�nanial distress as well as lower present value of distress osts.Figure 1: Bank value and distress probabilities.The left panel plots the �rm value for a bank with straight bonds, V b
t (solid line) and withCoCo bonds, V c

t (dashed line) as funtion of the oupon rate c and b. The right panel plotsthe probability of �nanial distress Pξ,T (on log-sale) for straight bonds (solid line) andCoCo bonds (dashed line) for inreasing time horizons T . Note that Pξ,T is plotted under thephysial measure, and thus represents the atual probability of default. It is alulated byexploiting the relationship µ = µP − ψσ, and assuming a market prie of risk equal to ψ = 0.5.Parameter values are: xt = 1, d = 1.5, λ = 0.55, r = 0.08, µ = 0.05, τ = 0.35, σl = 0.15.
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,As an illustration of the �ndings in proposition 1, �gure 1 reports numerialvalues for the �rm value (left panel) of a bank having issued straight bonds (solidline) and the value of a bank using CoCo bonds (dashed line). The graph revealsthat with CoCo bonds the debt apaity of the bank is substantially higher whihin turn leads to an inreased �rm value at the optimal oupon rate. The rightpanel plots the probability for �nanial distress (on log-sale) for a bank withan optimal amount of straight bonds (solid line) and for a bank with an optimalCoCo bond (dashed line). Again, the numerial example on�rms the general�nding that for any time horizon T , the probability of �nanial distress is lowerfor banks having issued CoCo bonds. 16



4 CoCos as Origin of Banking Crises � InompleteContratsThe previous setion has demonstrated that CoCo bonds have substantial ben-e�ial e�ets on banks as well as on the banking system. Not only do CoCobonds raise the bank's debt apaity whih inreases �rm value, it also dereasesthe probability of running into ostly �nanial distress beause of the automatiimpliit reapitalization mehanism. A folk wisdom in �nanial eonomis is thesaying that there is no suh thing as a free lunh. So, one may wonder whetherthere are really only advantages to CoCo bonds, or if there is a hidden drawbak.On an abstrat level, a large body of theoretial literature has stressed the role ofdebt ontrats as being a disiplining devie on the deision making of managersand owners. Jensen (1986)'s free ash-�ow hypothesis or the role of short-termdebt as ommitment devie stressed by Calomiris and Kahn (1991) and Diamondand Rajan (2000, 2001) are prominent examples. From a ontrat-theoretialperspetive, in partiular Innes (1990) and Hart and Moore (1998) are importantontributions whih establish the optimality of a debt ontrat. They show thatunder the ondition of inomplete ontrats, a �naning arrangement is optimalwhere the �nanier reeives a �xed payment in good states of the world, whilebeing handed over ontrol rights in bad states of the world. This �naning ar-rangement resembles exatly a debt ontrat. The ruial insight is the fat thatmanagers (or the entrepreneur) is disiplined by the threat of being expropriatedin bad states. Note that CoCo bonds undermine preisely this disiplining featureof debt ontrats. In bad states of the world, former owners do not loose theirontrol rights immediately. On the ontrary, former bondholders are obliged toonvert their debt laim into an equity laim. Arguably, absent the threat oflosing ontrol rights, owners fae di�erent inentives.In this setion, we analyze this doubt formally by assuming ontrats to be in-omplete in the sense that manager-owners an hange the investment poliy, ormore preisely that the hoie of investment poliy is observable, but not on-tratible. The issuane of CoCo bonds instead of straight bonds has arguablyan important impliation for the risk taking behavior of bank manager-owners.Intuitively, sine the bank's equity holders enjoy the full bene�ts from a ash �ow17



inrease but are proteted against a default in a less favorable state due to themandatory onversion, they might prefer a more risky strategy ompared to thease with straight bond �naning. For this reason, we introdue the problem ofrisk-shifting to the bank's �naning deision and evaluate both the impat onequity holder's wealth and the severity of running into �nanial distress.4.1 Risk Taking InentivesIn this setion, we assume that bank managers have an unique option to inreasethe riskiness of the bank's operating pro�t. In partiular, we an think about therisk-shifting option as the possibility of managers to hoose di�erent tehnologiessuh as the bank's possibility to relax their monitoring e�ort or to put less re-soures into an e�etive risk management system (shirking) as e.g. in Deampset al. (2004). While these ations avoid osts and ould therefore raise (expeted)pro�ts, unmonitored reditors have moral hazard inentives whih inreases theriskiness of returns. Alternatively, with respet to their (proprietary) tradingativities, the risk-shifting option is to be interpreted as the investment in morerisky seurities whih inreases the overall asset value risk in the sense of the las-si asset substitution problem as in Jensen and Mekling (1976), Green (1984) orLeland (1998).In formal terms, we assume that the urrent ash �ow risk is σl and that bankmanagers have an irreversible option to inrease risk to σh, while the (for priingpurposes relevant risk-neutral) drift µ remains una�eted.21 To ompute the de-fault probability under the physial (true) probability measure, knowledge of thephysial drift µP is also required. Sine the risk-neutral drift µ is related to thephysial drift via µ = µP −ψ σ, the physial growth rate µP rises with the risk σfor a given positive market prie of risk ψ > 0. The assumption that an inreasein risk is ompensated by a orresponding inrease in the (physial) drift rate ispreisely onsistent with the notion of shirking.22We abstrat from manager-owner on�its whih would only add another layer ofageny on�its and assume that deisions are made in the interest of the owners.21 This modeling approah is standard within the asset substitution literature as e.g. in Leland(1998), Erisson (2000), and ?.22 See e.g. Deamps et al. (2004). 18



In this setion, we analyze the inentives of equity holders to shirk, i.e. to hoosethe high risk investment program. We �rst show that the �nanial onstraintsare ruial to understanding risk taking inentives.One the �rm has issued the bond, equity holders have an inentive to hoose thehigh risk tehnology if this inreases the value of their laim. In formal terms, therisk preferene an be evaluated by determining the sign of the �rst derivative ofthe equity laim with respet to the risk parameter σ. Taking the �rst partialderivative of the equity value Sb
t for straight bond �naning w.r.t. σ yields,
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. (12)While it is immediately obvious that D(xt, ξ, σ) > 0 and log
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> 0, it is alsostraightforward to show that ∂β(σ)
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> 0. Therefore, the sign of the derivativedepends on the �rst term V(ξ, π), whih was de�ned as
V(ξ, π) = (1 − τ)
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r − µ
− π

r

)

. (13)Note that V(ξ, π) is neatly interpreted as the present value from a riskless after-tax perpetual net inome stream given a urrent earnings level of ξ. For a giveninterest obligation π, V(ξ, π) is negative as long as ξ is su�iently small, whilefor su�iently high levels of ξ, V(ξ, π) turns out to be positive.Eonomially, with striter �nanial onstraints (i.e. with a higher boundary ξ),equity holders loose a more valuable ash �ow stream relative to the given debtliabilities if default ours, whih makes them relutant to the risk of running into�nanial distress. Thus, the earlier a bank is fored into �nanial reorganization,the more severe is the negative e�et for the equity value. As a result, striter�nanial onstraints are an inentive for the bank to at more prudent and toavoid exessive risks taking. We highlight the �nding asLemma 2 In the ase of straight bond �naning, equity holders' risk preferenesdepend on the exogenous onstraints ξ. If onstraints are su�iently weak in thesense that the threshold ξ is low, equity holders have inentives to inrease risk,i.e. ∂St/∂σ > 0. If onstraints are strong in the sense that ξ is su�iently high,equity holders have inentives to avoid risks, i.e. ∂St/∂σ < 0.19



From (13) we an immediately derive the ritial threshold where risk preferenesswith, i.e. where the derivative is zero, ∂St

∂σ
= 0, for any xt > ξ. This ritialthreshold ξ̂ diretly follows from (2) and satis�es

ξ̂(π) = π
r − µ

r
. (14)For any ξ above ξ̂, owners dislike higher risks, while for any ξ below ξ̂, equityholders have inentives to inrease risk. At ξ̂, equity holders are indi�erent withrespet to the risk strategy. In other words, the equity laim is onvex in xt for

ξ < ξ̂, while being onave for ξ̂ < ξ and (pieewise) linear for ξ = ξ̂.Note that if the bank does not fae any exogenous onstraints, the optimal endoge-nous threshold an be shown to be ξ∗(π) = π r−µ
r

β
β−1

.23 Sine the last frationis always smaller than one, the endogenous threshold is always below ξ̂ whihshows that absent any �nanial onstraints, equity holders always have the usualall option-like inentive to inrease risk.The threshold ξ̂ displays two intuitively reasonable harateristis. First, thethreshold depends on the growth potential of the bank. For higher µ, ξ̂ is lower,thus, a bank with good growth prospets is able to raise apital for ash �owlevels where a omparable bank with a lower growth rate already faes �nanialdi�ulties. Seond, it inreases with the interest payment π, whih is intuitivesine with higher debt levels the bank is supposed to run into �nanial di�ultiesearlier.To gauge the impat of a CoCo bond on the risk taking behavior of banks, weanalyze how risk preferenes hange when the bank replaes the optimal straightbond by an optimal CoCo bond. Optimal bond volumes refer to those levels, b∗and c∗, respetively, that maximize the bank value, whih need not neessarilyoinide with the �rst-best solution that ould be obtained in a omplete ontratase. From the previous setion, we know that given the onstraint ξ̂, the bankowners have no inentives to inrease risk, i.e. to shirk when having issued astraight bond. In what follows, we onsider the ritial level ξ(π) = ξ̂(π) at whihthe bank for straight bond �naning is indi�erent about its risk preferenes as the�nanial onstraint ξ(π) for the bank in order to have a meaningful omparisonfor CoCo bond �naning.23 See e.g. Dixit and Pindyk (1994), Mella-Barral (1999), and Deamps et al. (2004).20



Again, we need to alulate the �rst derivative of the equity value Sc
t withrespet to σ. The basi idea of CoCo bonds is to provide banks with a preom-mitted reapitalization at a time where they fae di�ulties in raising external�naning. In line with this reasoning, we assume the onversion to our at thetime when the external onstraint would be binding if there were no onvertibil-ity option, i.e. at the threshold χ = ξ̂(d + c). The onversion avoids immediate�nanial distress beause it lowers debt obligations. However, if operating pro�tsontinue to deline, the bank eventually may fae �nanial di�ulties when ash�ows deteriorate further to the lower threshold ξc = ξ̂(d).From the de�nition of χ and ξc, the terms V(χ, d+ c) and V(ξc, d) in (9) are zero,and by di�erentiating Sc

t with respet to σ, we are left with
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> 0 whih is always positive for γ < 1. Therefore, we derive theimportant result that, as long as initial equity holders retain a positive frationof ash �ow rights (γ < 1), ∂Sc
t

∂σ
is always positive, whih means that equity holdersalways have an inentive to engage in risk-shifting ativities. We highlight thisresult asProposition 2 (Risk taking in inomplete ontrat setting) Suppose a bank hasissued straight bonds and faes �nanial onstraints (χ = ξ̂(d + c) and ξc =

ξ̂(d)), whih leaves manager-owners indi�erent with respet to the risk strategy,i.e. ∂Sb
t

∂σ
= 0. If that bank replaes the straight bond by an optimally designed CoCobond where initial equity holders retain a positive fration of ash-�ow rights,i.e. γ < 1, manager-owners always have an inentive to inrease risk, i.e. ∂Sc

t

∂σ
> 0.The proposition shows that for the ase where exogenous �nanial onstraintsare suh that ξ̂(π) = φ̄ · π with φ̄ = (r − µ)/r, a CoCo bond for straight bondswap leads to risk-shifting inentives. Although we onsider the ase, where the21



bank initially has no inentives to hange its business risk as the most relevantsituation,24 this partiular hoie does not limit the generality of the eonomiinsight in our main result in proposition 2. The next subsetion shows that theresults an be generalized to the ase of arbitrarily strit (or weak) �nanialonstraints.Consider the general exogenous threshold ξ = φ · π for an arbitrary φ > 0. We�rst show that if the CoCo bond for straight bond swap is strutured in suha way that the oupon payment is kept onstant, i.e b = c, then a risk-shiftinreases the bank's equity value more strongly under CoCo bond �naning thanunder straight bond �naning as indiated by the following lemma:Lemma 3 For any arbitrary thresholds χ = ξb and ξc with ξc < χ and for CoCobonds that replae straight bonds with the same oupon, i.e. b = c, a CoCo bondinreases risk taking inentives of manager-owners, in the sense that
∂Sb

t

∂σ
<
∂Sc

t

∂σ
.The proof of lemma 3 is in the appendix. From lemma 3 together with lemma 1,we an derive the following more general proposition about risk taking inentivesfor an arbitrary onstraint and optimal debt level hoies.Proposition 3 (Generalization of risk taking inentives) If �nanial onstraintsare weak, then the bank will always prefer the higher risk with both optimal straightbonds as well as optimal CoCo bonds. For strong �nanial onstraints, the �rmwill always prefer the low risk for optimal straight bond �naning, while it mightstill prefer the higher risk under optimal CoCo bond �naning.In tehnial terms, for arbitrary onstraints ξ = φ · π and optimal hoie of thedebt level, if ξ < ξ̂, then 0 <
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≷ 0The proof is in the appendix A.4. Proposition 3 generalizes the �ndings fromproposition 2 and lemma 3 to the ase of arbitrary �nanial onstraints and op-timal bond hoies. Importantly, the result shows that it will never be the ase24 The argument is that the initial bank, that has disretion over its risk poliy, has alreadyadapted its desired risk level and is in 'equilibrium' with respet to the hoie over σ.22



that the bank has preferenes for the high risk under straight bond �naning, butpreferenes for the low risk under CoCo bond �naning.The intuitive reason for why straight bonds impose lower risk-shifting inentiveson the equity holders than CoCo bonds is due to the wealth e�et for the eq-uity holders in partiularly poor states. In the ase of CoCo bonds outstanding,there are poor states in whih onversion of the CoCo bonds takes plae andthe (old) equity holders still keep their valuable equity laims. In the ase ofstraight bond �naning, however, the same state leads to default, in whih asethe equity holders are left with nothing aording to absolute priority rules. Asa result, banks with CoCo bonds outstanding have a lower inentive to preventpoor states so they are willing to aept a higher ash �ow risk than the equityholders for straight bond �naning would be willing to aept.25This more general �nding shows that the distortion of risk shifting inentiveswhih are indued by a CoCo bond for straight bond swap is robust with respetto the assumption on the exogenous �nanial onstraints. This leads to an im-portant impliation for the ase of a bank that bene�ts from an impliit bail-outoption by the government. If a bank is onsidered to be too big to fail, and thebank manager-owners antiipate the bail-out ommitment, they will already faeinentives to engage in risk shifting ativities. Our result in proposition 3 showthat in suh a ase, the risk taking inentives for the bank with a CoCo bond aneven be inreased.Taken together, proposition 2 and 3 on�rm the intuition that in inomplete on-trat settings, debt serves as a disiplining devie, where the disiplining e�etstems from the threat of losing omplete ontrol rights in a bankrupty proess.If, as in the ase of CoCo bonds, equity holders only lose ash-�ow rights butnot omplete ontrol rights, the disiplining impat is mitigated, and manager-owners fae distorted risk inentives. Hene, our analysis ontradits results from25 The result is a neat analogy to the ase of regular onvertible bonds. As �rst stated in Green(1984), regular onvertible bonds an mitigate the lassi asset substitution problem (see e.g.Jensen and Mekling, 1976), beause onversion takes plae at the disretion of bondholdersin good states. Contingent onvertible bonds are the preise polar ase, where onversiontakes plae mandatorily in poor states, and therefore it is intuitively reasonable to expetthem to aggravate the asset substitution problem.23



Flannery (2005) who �nds that shareholders onfront undistorted risk-bearing in-entives.26Proposition 3 implies that we an distinguish three ases. First, the asewhere banks with straight bonds already have risk-shifting inentives (e.g. dueto an impliit bail-out ommitment) so that swithing to a CoCo bond �naningreinfores risk inentives. Seond, the ase where banks with straight bonds havean aversion against inreasing risks, and for whih the swith to a CoCo bonddoes not result in a preferene for higher risks. Third, the ase where bankswith straight bonds have a preferene for the low risk, but where the swith toCoCo bonds reverses risk preferenes, i.e. where banks will engage in more riskyativities one having issued CoCo bonds.4.2 Impat of Distorted Risk Taking InentivesIn this setion, we analyze the impat of risk-shifting inentives on the net-wealthof the bank, inentive ompatibility onditions and the severity of �nanial dis-tress. In partiular, we fous on the last ase identi�ed at the end of the previoussubsetion, where CoCo bonds hange the risk taking behavior.Sine we onsider an inomplete ontrats setting, the hoie of the risk-strategyis observable but not ontratible. Thus, in suh a full-information setup, in-vestors an rationally antiipate the risk hoies of bank owners and will demanda orresponding ompensation. This means that the bond will be pried by tak-ing into aount the expeted hoie of the risk parameter σ. Thus, a straightbond is pried by assuming σl, while a CoCo bond will be pried by taking intoaount the risk-shifting inentives, i.e. by assuming σh. In general, it is a wellknown result within this model lass that a higher risk redues the optimal �rmvalue,27 beause within a trade-o� model, the bank bene�ts from advantages ofdebt �naning as long as it remains solvent but inurs losses when it su�ers froma default. A higher business risk inreases the likelihood of a default, whih in-reases the present value of the losses in the ase of a default without providing26 See Flannery (2005), p. 12.27 This �nding has already been disussed in the basi model by Leland (1994).24



any additional advantages.In formal terms, it is straightforward to show that the �rm value V b
t dependsnegatively on σ, i.e.
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< 0. (17)As λ is bounded above by (1 − τ), and µ < r, the derivative is always negative.In setion 3.1, we have established from lemma 1 that the optimal �rm valuewith CoCo bonds is always higher than with straight bonds, i.e. V b(b∗) < V c(c∗),if the risk-strategy is ontratible. As the bank shifts towards a more risky strat-egy, the bank �rm value for a CoCo bond �naning delines. If the risk-shiftingpossibility is not severe, i.e. σh only slightly exeeds the initial risk σl, the bankvalue under CoCo �naning will still be higher than under straight bond �naning.Conversely, if the risk-shifting possibility is severe, i.e. σh is large, the optimalbank value will be lower than in the ase of a straight bond issue. The left panelin �gure 2 shows in line with (17) that the bank's �rm value under CoCo �nan-ing, V c
t (dashed line), delines monotonially as its risk-shifting option is moresevere, i.e. as σh inreases, while the bank value under straight bond �naning,

V b
t (horizontal line), is obviously independent of σh. We de�ne a ritial valuefor σh for whih V c

t equals or exeeds V b
t as σ̂ = sup{σh|V c

t (σh) ≥ V b
t (σl)}. Aslong as σh lies between the initial σl = 0.15 and the ritial value σ̂ (in the nu-merial base ase σ̂ = 0.196), the bank's �rm value is higher under CoCo bond�naning. The right panel plots yield spreads (de�ned as c∗/Ct − r) for CoCobonds and straight bonds. While the spread for a straight bond (depited ashorizontal dashed line) is only 50 basispoints, it is substantially higher for CoCobonds. Even if bank managers do not engage in risk shifting, the yield spread25



Figure 2: Bank value and yield spreadsThe left panel plots the di�erene between the bank �rm value with CoCo bonds, V c
t and thebank �rm value with straight bonds, V b

t , as a perentage of V b
t i.e. ∆V% = (V c

t − V b
t )/V b

t . Thehorizontal line indiates the ritial level σ̂ for whih the di�erene is zero. The right panelplots yield spreads in basispoints for straight bonds (horizontal solid line) versus spreads ofCoCo bonds (dashed line). Parameter values are: xt = 1, d = 1.5, λ = 0.55, r = 0.08, µ = 0.05,
τ = 0.35, σl = 0.15, γ = 0.4.
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amounts to 325 basispoints. The spread rises with the risk shifting opportunity,and bond investors demand a spread of 524 basispoints if the bank has inentivesto raise the risk to σh = 0.20. The substantially higher spreads are roughly inline with evidene from the industry where CoCo bonds are expeted to trade upto an additional 300 basispoints interest margin.28 The higher spreads are dueto two fators. On the one hand, a bank with CoCo bonds has a higher leverage,and on the other hand, CoCo bondholders demand an additional premium forthe fat that onversion mandatorily takes plae at a time when equity values arelow. Thus, the higher spreads partly re�et this insurane premium.Two points about the results are noteworthy: First, despite the fat that CoCobond �naning is assoiated with a higher risk σh, the overall bank value an stillbe higher relative to the ase of straight bond �naning. The reason for the valueinrease lies in the relaxation of �nanial onstraints (i.e. a lower default barrier)whih inreases the bank's debt apaity and enables the bank to exploit debtadvantages to a larger extent. In our setup, the bank is able to generate a higherinstantaneous tax shield. Note that the value inrease due to higher tax shieldsis at the expense of the tax authority, whih in turn reeives less taxes.Seond, although CoCo bonds inrease the bank �rm value via a higher debt a-28 See Finanial Times �UK experiment raises prospets of new asset lass�, November 5, 2009.26



paity, bond investors demand a substantially higher spread whih inreases withthe riskiness of the asset value. Spreads are high beause by onstrution theonversion of CoCo bonds takes plae at a time when onversion is not favorablefrom the perspetive of investors, i.e. CoCo bond investors obtain a fration ofthe equity laim preisely in states where equity values are low. Our �ndings arean important warning signal against arguments as e.g. mentioned in Flannery(2005, 2009) that the internalization of risk-taking osts will deter banks fromtaking too muh risk. Our results show that although banks bear the osts ofrisk-taking via substantially higher spreads, they an still have an inentive toengage in risk-shifting ativities.The �nding that a CoCo bond issue for σh < σ̂ results in a higher overallbank �rm value implies that equity holders obtain a higher wealth by issuingCoCo bonds. Our analysis demonstrates the important insight that althoughreditors antiipate a potential risk-shift so that they pay a fair prie for theinvestment, owners are still better o�. As a result, from an investors' perspetive,CoCos are a Pareto improvement beause no investor su�ers and some obtain astritly higher wealth.However, it is important to stress that although from the perspetive of the bankCoCo bonds are Pareto-optimal, it is a priori not lear whether the use of CoCobonds is also desirable from a systemi point of view. To evaluate the systemie�et of CoCo bonds, we onsider the probability of �nanial distress for thebanking system in the following paragraph.As in setion 3.2, we ompute the bank's probability of running into �nanialdistress. To ompare a bank with straight bonds to a bank with CoCo bonds,not only the threshold ξ di�ers but, ontrary to the previous setion also the riskparameter σ. Furthermore, from the de�nition of the risk-shift, we assume thatthe risk-neutral drift remains onstant. Thus, as a result of the inreasing risk,the physial drift rate inreases as well. Reall from the disussion in setion4.1 that the physial drift rate µP is related to σ by µP = µ − ψ σ. Therefore,the atual inrease depends on the market prie of risk ψ. To aount for thesefators, we extend the notation and write Pξ,σ,T . Further, to ease interpretation,27



we report the di�erene in distress probabilities, ∆PT = Pξc,σh,T − Pξb,σl,T over atime horizon T between a bank with CoCo bonds and risk σh and a bank withstraight bonds and risk σl.Note that for σh = σl, we know from proposition 1 that ∆PT must be negative.Sine ∆PT inreases monotonially in σh to a positive value, there is a valuefor σh, for whih probabilities of �nanial distress oinide. Therefore, we de�neanother ritial value σ̄ as the smallest value of σh for whih the di�erene isnon-negative, i.e. σ̄ = inf{σh|Pξc,σh,T ≥ Pξb,σl,T}.Numerial results for the base ase senario are reported in the left panel of �gure3. Figure 3: Probability of �nanial distress.The left panel plots the di�erene in distress probabilities of a bank with CoCo bonds andstraight bonds, i.e. ∆PT = Pξc,σh,T − Pξb,σl,T , for T = 10 years and a market prie of riskof ψ = 0.5. The right panel plots the ritial values σ̂ and σ̄ for di�erent time horizons T .Parameter values are: xt = 1, d = 1.5, λ = 0.55, r = 0.08, µ = 0.05, τ = 0.35, σl = 0.15.
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The graph on�rms the general insight from setion 3.2, that CoCo bonds arebene�ial in terms of probability of distress as long as the bank has no disretionover the hoie of the risk tehnology, i.e. for σh = σl. However, if ontratsare inomplete, and the bank has disretion to inrease the investment risk σh,distress probabilities inrease with the severity of the risk-shift, and outweighthe initially bene�ial e�ets. The ritial value σ̄ above whih CoCo bonds aredetrimental in terms of probability of �nanial distress turns out to be σ̄ = 0.183(for a time horizon of T = 10 years), whih is indiated as the vertial dashedline. For σh larger than σ̄, a bank with CoCo bond �naning will atually have ahigher probability of �nanial distress. The graphi also shows the ritial value28



σ̂ up to whih CoCo bonds are �rm value-inreasing as the vertial solid line.From omparing the ritial values σ̄ and σ̂, we obtain the important existeneresult, that ases are possible for whih we �nd σ̄ to be stritly smaller than
σ̂. In other words, there exist risk levels σh whih the bank an hoose, forwhih CoCo bonds are an ex ante optimal strategy for the bank in terms of valuemaximization, but for whih the probability of �nanial distress is higher relativeto the ase of straight bond �naning. The right panel in �gure 3 plots the ritialvalues σ̄ and σ̂ for di�erent time horizons T and shows that the existene of suha onstellation is robust over longer time horizons. Furthermore in appendix A.2,we show that we obtain the same qualitative result if we onsider the expetedpresent value of distress osts as a seond measure for the severity of default.The numerial analysis thus demonstrates the potentially adverse impat of CoCobond �naning, whih we summarize asProposition 4 (Wealth of investors versus banking stability) Suppose �nanialonstraints are suh that a bank with straight bonds hooses the low-risk tehnology
σl (the bank monitors), while a bank with CoCo bonds has inentives to hoosethe high-risk strategy σh (the bank shirks). Suppose further that bond investorsrationally antiipate distorted risk taking inentives and obtain a orrespondingompensation. Then, it an be possible that a bank with CoCo bond �naningobtains a higher bank value, while the probability of �nanial distress is higherthan for optimal straight bond �naning.The intuition for proposition 4 an be explained in terms of a trade-o�. Onthe one hand, CoCo bonds are bene�ial in the sense that they relax the �nanialonstraints (i.e. lower the default barrier ξc), whih allows the bank to exploitdebt �naning advantages to a larger extent. Therefore, the bank value inreasesrelative to the ase of straight bond �naning. On the other hand, from propo-sitions 2 and 3, we know that CoCo bond �naning indues the inentive toinrease the ash �ow risk. Although the default barrier is lower in the ase ofCoCo bonds, the probability, that the more volatile ash �ow proess hits thedefault barrier, an atually inrease. Intuitively, the higher ash �ow volatilityoverompensates the relaxation of �nanial onstraints.Proposition 4 highlights a potentially dangerous adverse impliation of CoCo29



bond �naning and ontrasts with the main results in e.g. Flannery (2005, 2009)and Landier and Ueda (2009). The reasoning in these papers relies on a statianalysis and basially resembles our results for omplete ontrats. Flannery(2005, 2009) and Landier and Ueda (2009) stress the potential bene�ts of CoCobonds in terms of the relaxation of �nanial onstraints, i.e. the redution in theprobability of �nanial distress. Although in partiular Flannery (2005, 2009)also reognizes the potential risk-taking inentives, he onludes that this is nota drawbak of CoCo bonds, sine CoCo bond holders will antiipate distortedrisk preferenes and demand a higher premium. Sine the bank has to internalizerisk-taking osts, this will ontrol the risk-shift. In ontrast, we show that thisreasoning does not need to be true in general. Our results suggest that althoughthe bank internalizes risk-taking osts, it an still be optimal for manager-ownersto inrease risk. More importantly, the risk-shift an be suh that it overompen-sates the redution in the default threshold, whih atually inreases the prob-ability of �nanial distress relative to straight bond �naning. Thus, ontraryto the previous work on CoCo bonds, our results demonstrate that CoCo bondsan reate negative externalities for the eonomy, and that individually rationaldeisions may have systemially undesirable outomes.Although the �nding in proposition 4 is to be understood as an existeneresult, whih issues an important warning signal against the euphori use ofCoCo bonds, we argue that it is also found to hold for a substantial range ofparameter values by providing robustness results in Appendix A.5. Thereby, wefous on two ruial parameters whih might have a signi�ant impat on results:The market prie of risk and the fration of total liabilities replaed by CoCobonds.4.3 Inentive-ompatible onversion triggerIn this setion, we disuss a potential solution to regulate the moral hazardproblem inherent in CoCo bonds. From the results established in lemma 2, weknow that the severity of exogenous onstraints ontrols the risk-taking inentivesof manager-owners. Striter onstraints (in the sense of higher thresholds) indue30



manager-owners to at more prudently, sine they fae the risk of loosing a morevaluable laim. In this subsetion, we aim at designing the CoCo bond thatdoes not provide risk-shifting inentives. The idea is that if onversion takesplae at a higher threshold (i.e. at higher apital ratios), then the bank will loosevaluable tax shields earlier whih makes it relutant to inrease the risk of loosingthese debt advantages. Reall from proposition 2 that if the onversion thresholdis de�ned as χ = φ̄ · (d + c), the bank always faes risk-taking inentives inthe sense that ∂Sc
t

∂σ
> 0. Hene, we now reverse the question and determine theonversion threshold χ suh that risk preferenes are unhanged. By doing so, theonversion ratio γ is taken as a onstant. The notion behind this is that the (old)shareholders are not willing to aept a severe hange of the majority of ontrolrights when a onversion is triggered. For this reason, typial onversion ratiosof lassial onvertible bonds are below 15 perent. Simplifying the ondition

∂Sc
t

∂σ
= 0for the inentive-ompatible onversion threshold χIC results in the followingrepresentation:

χIC = φ̄ ·
(

d+
c

γ

)

. (18)The inentive-ompatible onversion threshold depends on the onversion ratio
γ. Sine γ < 1, it is immediately obvious that χIC is higher than χ = φ̄ · (d+ c).Intuitively, the lower the onversion barrier γ is, the higher the onversion barrier
χIC needs to be. This is a result of the fat that the more shares 1 − γ the (old)equity holders still keep after onversion, the less they are hurt by a onversion.Thus, a onversion needs to take plae more early in order to represent a reliablethreat for the equity holders against a risk inrease. As a onsequene of thehigher onversion threshold, the CoCo bond oupon obligation c disappears earlierwhih eteris paribus results in lower tax shields and therefore in a lower overallbank value. Hene, this raises the question whether CoCo bond �naning isstill worthwhile relative to straight bond �naning from the perspetive of theoptimal bank value. Figure 4 reports the the di�erene between the �rm valueof a bank with inentive-ompatible CoCo bonds to straight bonds as a frationof the straight bond ase, i.e. ∆V% = (V c − V b)/V b for di�erent levels of the31



Figure 4: Bank value hange for inentive-ompatible CoCo bondsThe �gure shows the di�erene between the �rm value of a bank with inentive-ompatibleCoCo bonds to straight bonds as a fration of the straight bond ase, i.e. ∆V% = (V c−V b)/V b.Parameter values are: xt = 1, d = 1.5, λ = 0.55, ψ = 0.5, r = 0.08, µ = 0.05, τ = 0.35,
σl = 0.15.
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onversion ratio γ. The graph reveals that as long as the onversion ratio isbelow approximately 0.2, the inentive-ompatible CoCo bonds derease bankvalue relative to the straight bond ase. Only if CoCo bond holders obtain asu�iently large part of the equity apital (i.e. if γ exeeds approximately 0.2),the inentive-ompatible CoCo bonds are still value-maximizing. Note howeverthat from a orporate governane perspetive former owners will be very relutantto issue CoCo bonds, whih upon onversion give former bondholder too muhvoting rights. Thus, for pratial appliations γ is expeted to be well below0.2. Hene, we �nd that even though CoCo bonds an be strutured in suha way that they mitigate their assoiated moral hazard problem by setting theonversion threshold su�iently high, our analysis also indiates that this designwill most likely result in lower bank values relative to straight bonds, beauseformer owners will be relutant to transfer a signi�ant part of voting rights.4.4 Further Conerns and Poliy ImpliationsThe existing literature onsiders ontingent apital to be a desirable instrumentfor future banking regulation. One of the few onerns that have been raised so far,mentions that the onversion of CoCos may trigger an undesirable negative priespiral when large institutional investors, who are not allowed to hold equity, sell
32



their shares.29 The argument resembles onerns raised in Hillion and Vermaelen(2004), who have analyzed the priing of �oating-pried onvertibles. It has tobe stressed that the potentially adverse impliations of CoCo bonds that wehave shown in this ontribution relies on the assumption that investors have fullinformation, fae no portfolio restritions and at fully rational. It is not unlikelythat in a situation of asymmetri information, the observation of mandatoryonversion will be interpreted as a negative signal by the market, whih in turnan put additional pressure on the stok prie of the bank. Sine we abstratfrom these additional market fritions, our results an even be onsidered as aonservative evaluation of CoCo bond �naning.The poliy reommendation by the Squam Lake Working Group (2010) reognizesthe important disiplining e�et of debt, and reommends that onversion shouldbe made ontingent not only on the individual �rms apital ratio, but also on asystemi event. However, from our analysis we annot on�rm that the inlusionof a systemati trigger entirely solves the dilemma. To see this, onsider thefollowing reasoning. Making the onversion ontingent not only on the individual�nanial situation of the issuing bank, but also on a systemi trigger implies that ifthe bank runs into �nanial troubles, the onversion is not sure to our. However,unless the systemi trigger is not entirely negatively orrelated, there will bea positive probability that onversion ours. Thus, although the additionalsystemi trigger diminishes the expeted relaxation of �nanial onstraints, thequalitative e�ets desribed in the paper are still present (even though they mightbe less pronouned).Sine our analysis reveals the shirking inentive impliitly ontained in CoCo�naning as a dangerous drawbak, we strongly reommend the use of CoCobonds together with additional devies that mitigate the risk-shifting inentiveof the bank. As we have shown in setion 4.3, a higher onversion threshold is onepossible mehanism to restrit risk-shifting, although it may turn out to dereaseoverall bank value.A seond alternative refers to the simultaneous issuane of bonds with other well-known bond harateristis suh as the (normal) onversion feature or rating-29 See Finanial Times �Stability onerns over CoCo bonds�, November 5, 2009, and FinanialTimes �Report warns on CoCo bonds�, November 10, 2009.33



trigger step-up feature, that usually disperse risk inentives and prevent a riskshift. However, if the inlusion of additional seurities that have the potentialto reverse the risk-taking inentives makes the use of CoCo bonds still inentive-ompatible from the perspetive of the issuing bank is an open issue and worthfurther researh.5 ConlusionContingent onvertibles have reeived muh attention in reent times as a �nan-ing arrangement that provides an automati reapitalization mehanism for banksin times when raising new equity may be di�ult. The existing literature red-its CoCos for reduing the probability that the bank runs into �nanial distress,thereby making the banking systems more robust. Regulators seem to put muhhope in these seurities, as e.g. the Basel Committee on Banking Supervision hasannouned that it will review the role of ontingent onvertibles within a reformof the regulatory framework. However, to the best of our knowledge, there is notyet a omprehensive theoretial analysis of the impat of CoCo �naning. Ourontribution tries to �ll this gap and analyzes CoCo bonds within a dynamiontinuous-time framework. Our results indiate that the bene�ial impat ofCoCo bonds ruially hinges on the assumption if bank managers have substan-tial disretion over the bank's business risk. If the bank annot hange the risktehnology, or in other words, if omplete ontrats an be written, CoCos areunambiguously bene�ial. However, results hange dramatially when we allowfor inomplete ontrats. We show that CoCo bonds always distort risk takinginentives. Therefore, equity holders have inentives to take exessive risks. Wedemonstrate that, although investors antiipate distorted inentives and demanda orresponding higher premium, CoCos an still be value maximizing for equityholders and therefore an optimal �naning hoie. More importantly, our mainresult shows that although CoCos an be Pareto-optimal from the perspetive ofthe individual �rm, they have the potential to substantially inrease the bank'sprobability of �nanial distress as well as expeted proportional distress osts.Thus, CoCos may be an example where individually rational deisions an havesystemially undesirable outomes. 34



Hene, the major hallenge will be to �nd a mehanism that prevents the risk-shifting inentive imposed by CoCo bonds. In this ase CoCos will be bank valueand stability inreasing instruments. Otherwise, they might bear the risk forseeding the next banking risis.
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A AppendixA.1 Proof of Lemma 1To establish the laim in lemma 1, it is enough to ompare equations (6) and (10) fora given ommon oupon k:
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.A.2 Expeted distress ostsBesides the probability for the ourrene of �nanial distress, a seond measure forthe severity �nanial distress, in whih a systemi regulator will be interested, is the ex-peted present value of distress osts. First note that the value D(xt, ξ) of one monetaryunit paid out in ase of default is a monotonially inreasing funtion in ξ.A.2.1 Complete ontratsWithin the omplete ontrat setting, the risk poliy is ontrollable, and thus the samefor a bank with straight bonds or CoCo bonds. Therefore, it is immediately obviousthat

D(xt, ξc) < D(xt, ξb).Distress osts, in our model setup, are given by (1 − λ) ξ
r−µ so that its present valueamounts to D(xt, ξ) · (1 − λ) ξ

r−µ . Sine a higher ξ results in both higher distress36



osts (1 − λ) ξ
r−µ given a distress and a higher state prie D(xt, ξ) for a distress, itis immediately obvious that the following inequality holds:

(1 − λ)
ξc

(r − µ)
D(xt, ξc) < (1 − λ)

ξb
(r − µ)

D(xt, ξb).The severity of �nanial distress in terms of its expeted present value of distress ostsare stritly lower for CoCo bonds than for straight bonds.A.2.2 Inomplete ontratsIf risk-shifting is possible, we need to keep trak of the risk parameter σ, and we extendthe notation to D(xt, ξ, σ).Denoting the expeted present value of default osts as DC, it equals DCb = (1 −
λ) ξb

r−µ D(xt, ξb, σl) for a bank with straight bonds, and DCc = (1 − λ) ξc

r−µ D(xt, ξc, σh)orrespondingly for a bank with CoCo bonds. Note that in ontrast to the ase of om-puting the atual probability of distress (for whih the physial drift rate is neessary)we use the risk-neutral drift µ to ompute DC, sine we need the priing measure.To gauge the impat, �gure 5 reports the di�erene in expeted distress osts as per-entage of initial �rm value, i.e. ∆DC = DCc/V c
t −DCb/V b

t .Figure 5: Expeted distress osts.The �gure plots the di�erene in expeted distress osts as perentage of initial bank valuebetween straight bonds and CoCo bonds, i.e. ∆DC = DCc/V c
t −DCb/V b

t . Parameter valuesare: xt = 1, d = 1.5, λ = 0.55, r = 0.08, µ = 0.05, τ = 0.35, σl = 0.15. γ = 0.4.
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A.3 Proof of Lemma 3To establish the laim in lemma 3, we analyze the di�erene between the partial deriva-tives for a general exogenous threshold ξ. Let ∆∂ denote the �rst derivative of the37



di�erene in equity values ∆S = Sc
t − Sb

t , i.e. ∆∂ = ∂∆S
∂σ . Reall from (4) and (9) that

Sb
t = V(xt, d+ b) − V(ξb, d+ b)D(xt, ξb)

Sc
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(1 − γ)D(xt, χ) (V(χ, d) − V(ξc, d)D(χ, ξc))Sine we onsider the ase where the oupon of CoCo bonds is equal to the initialstraight bond oupon, b = c, we also have χ = ξb (i.e. onversion takes plae when thebank with straight bonds would fae �nanial distress), and ∆S simpli�es to
∆S = (1 − γ)D(xt, χ) (V(χ, d) − V(ξc, d)D(χ, ξc))

= (1 − γ) (V(χ, d)D(xt, χ) − V(ξc, d)D(xt, ξc)) (A-1)and therefore we get
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.A.4 Proof of Proposition 3Reall from (12), the derivative w.r.t. σ of the equity value with straight bonds, is givenas
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D(xt, ξ, σ),where ∂
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· ∂β(σ)
∂σ > 0. Thus, the sign of ∂St

∂σ is deter-mined by V(ξ, π). For the general onstraint ξ(π) = φπ, V(ξ, π) is
V(ξ, π) = (1 − τ) · φ r − (r − µ)

r(r − µ)
· π. (A-2)For φ > (r − µ)/r, V(ξ, π) is positive and inreasing in π, while for φ < (r − µ)/r,

V(ξ, π) is negative and dereasing in π.Furthermore, from lemma 3, we already know that
∂

∂σ
(1 − γ) (V(χ, d)D(xt, χ) − V(ξc, d)D(xt, ξc)) > 0 (A-3)38



Now, as in Proposition 3 distinguish the ase of weak and strong �nanial onstraints,i.e. the ases ξ < ξ̂ and ξ > ξ̂ respetively.Consider �rst weak onstraints, i.e. ξ < ξ̂, whih is equivalent to φ < (r − µ)/r. From(A-2), we know that V(ξ, π) is negative and dereases in π. Therefore, we �nd thatthe derivative of equity value with straight bonds ∂Sb
t

∂σ is positive. From the impliationof lemma 1, we know that the optimal oupon of CoCo bonds is larger, i.e. c∗ > b∗,whih implies that V(ξ, (d + c∗)) < V(ξ, (d + b∗)) < 0. From (A-3), the derivative ofthe additional term in the equity value funtion of CoCo bonds is always positive, fromwhih we immediately derive the result, that
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.Now, onsider the ase of strong onstraints, i.e. ξ > ξ̂, whih is equivalent to φ >

(r−µ)/r. From (A-2), we know that V(ξ, π) > 0 and inreases in π. Therefore, we �ndthat the derivative of equity value with straight bonds ∂Sb
t

∂σ is negative. Again, from theimpliation of lemma 1, c∗ > b∗, we obtain V(ξ, (d+ c∗)) > V(ξ, (d+ b∗)) > 0. However,sine from (A-3), the derivative of the additional term in the equity value funtion ofCoCo bonds is always positive, it is not determined whih sign ∂Sc
t

∂σ has, while it isunambiguous that ∂Sb
t

∂σ is negative. This shows that
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∣
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< 0 and ∂Sc

t
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∣

∣

c=c∗
≷ 0as asserted in the proposition.A.5 Robustness ResultsIn this appendix, we argue that although the �nding in proposition 4 is to be understoodas an existene result, it an be shown to hold for a substantial range of parameter values.We fous on two ruial parameters whih might have a signi�ant impat on results:The market prie of risk and the fration of total liabilities replaed by CoCo bonds.First, as the market prie of risk inreases, the physial drift rate must inrease as well.Due to a higher µP , the physial probability for a default delines. This is, however,true for both CoCo and straight bond �naning so that it is not diretly lear how thisa�ets the relationship between the default risk under the two types of bond �naning.Seond, as a higher fration of total liabilities is replaed by CoCo bonds, the thresholdfor �nanial distress dereases. Both e�ets will impat on results.The left panel in �gure 6 plots graphs for the ritial values σ̂ and σ̄ when the market39



prie of risk ψ varies from -0.5 to 2. This range is very wide and obviously overs allreasonable values for the market prie of risk.30 The graph shows that results are largelyuna�eted by the hoie of the risk premium. Sine the risk premium results in a higherdrift under both forms of bond �naning, it is not surprising that the net e�et on theritial risk level σ̄ is marginal. The interval [σ̄, σ̂] is larger for small risk premia. Thus,our base ase senario seems to be a onservative hoie. Hene, we an onlude thatour results are not signi�antly driven by assumptions about the market prie of risk.The right panel in �gure 6 plots the ritial the ritial values σ̂ and σ̄ as a funtionFigure 6: Robustness results onerning market prie of risk and debt strutureThe �gure shows the ritial values σ̂ and σ̄ as a funtion of the market prie of risk ψ (leftpanel) and the fration of bonds to total liabilities B
B+D

(right panel). Parameter values are:
xt = 1, d = 1.5, λ = 0.55, ψ = 0.5, r = 0.08, µ = 0.05, τ = 0.35, σl = 0.15, γ = 0.2.
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of the fration of optimally-hosen bonds to the total liabilities B
B+D . To omputethe liability ratio we onsider exogenous deposit obligations with d between zero andthe maximum level dmax, whih exhausts the debt apaity of the bank and omputethe orresponding optimal straight bond oupon b∗ ≥ 0.31 Then, these interest rateobligations for deposits and the straight bond are translated into the values of D and

B as well as the resulting liability ratio B
B+D .30 Dimson et al. (2006) report that over the period 1900-2005, the ten-year average equitypremium never exeeded 20% (and was even slightly negative for some deades). Sine theaverage volatility of equity markets is around 20%, an upper bound for the market prie ofrisk is roughly 1. Dimson et al. (2006) further report that the average equity premium isaround 5-8% in the entire period, thus a value for the market prie of risk around 0.25 - 0.4seems reasonable.31 Tehnially speaking dmax is determined suh that the debt apaity of the bank is exhausted,i.e. that b∗ = 0 in (7). 40



The fration B
B+D an be interpreted as the extent to whih a bank has exhaustedits debt apaity by deposits. For a value of B

B+D lose to zero (one), the bank hasa small (high) amount of bonds outstanding that an be replaed by a CoCo bond.As mentioned in the introdution, the largest issue of CoCo bonds has been initiatedby Lloyds in November 2009 with a volume of ¿7.5 billion. As stated in its annualreport from end of 2008, Lloyds had ¿245 billion in ustomer deposits and traded debtseurities in issue. Thus, the CoCo bond issue represented roughly 3%.Figure 6 shows that the ritial result σ̄ < σ̂ is obtained for liability ratios up toapproximately 22%. Thus, our �nding in proposition 4 holds for a substantial range ofthe parameters. In partiular, as evidened by the example of Lloyds, where the CoCobond issue represents 3% of the sum of deposits and traded debt seurities, the largestissue sofar is very well within the range for whih our results hold.
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