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The post 2007 - 2009 financial crisis reforms in banking were meant to 
increase the resilience and capitalisation of the financial system, but they 
might have also lead to unintended consequences. This thesis focuses on two 
of these reforms: the introduction of contingent convertible bonds (CoCos), 
and the introduction of the leverage ratio requirement. CoCos are meant to 
act as a bail-in mechanism for banks, but as I show in this thesis, they can also 
lead to internal contagion or increase banks’ risk-taking depending on their 
design features. The first paper is a theoretical analysis on the financial stability 
of a bank with CoCos that trigger at different capitalisation levels, and the 
second paper is an empirical analysis on the risk-taking determinants and 
implications for UK banks of having CoCos on their balance sheet. The intro-
duction of the leverage ratio requirement is meant to stop excessive levera-
ge, but it might incentivise some banks to invest more in their high risk, high 
margin businesses rather than in their low margin, low risk activities, leading 
to an overall increase in banks’ risk-taking. In this thesis, we assess in a theoretical 
model and numerical calibration on UK banks the risk-taking effects when a 
bank applies its capital requirements at a consolidated level compared to 
applying them at each business unit.

Ioana Neamtu (1993) holds a summa cum laude BA degree in Liberal Arts 
and Sciences (2015) from Amsterdam University College, The Netherlands. 
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Chapter 1

Introduction

The post 2007 – 2009 financial crisis reforms in banking were meant to increase the re-

silience and capitalisation of the financial system, but they potentially created unforeseen

consequences in other bank decisions which would counterbalance the initial purpose for

which they were created. In the aftermath of the financial crisis, critics targeted poor bank

capitalisations and the need for tax-funded bail-outs. To solve these problems, Basel III

introduced more stringent capital requirements and additional instruments that qualify as

bank capital. Another critique on the pre-2008 banking regimes was the excessive leverage

endemic in the system. Hence, the Basel III reforms introduced minimum requirements

on banks’ leverage ratio to complement the risk-based capital requirements. The changes

in banking regulation extend much beyond these two examples, but this thesis aims to

address in particular one new financial instrument which counts towards Basel III capital

requirements - contingent convertible bonds (CoCos), and the risk-insensitive leverage

ratio requirement.

Contingent convertible bonds are a security that acts as a bond and converts into

equity when the bank is in a bad enough state as defined by a certain capitalisation ratio.

CoCos became a popular instrument issued by banks in Europe, as they are relatively

cheap to issue, they have tax benefits (Goncharenko et al., 2020), and they are a high-

yield investment for investors. CoCos are effectively meant to act as a bail-in mechanism

(internal recapitalisation) and are eligible to qualify as either Additional Tier 1 (AT1)
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capital, or Tier 2 (T2) capital 1. The distinct difference between the two is that AT1

CoCos are meant to recapitalise the bank on a going-concern basis – when the bank is

still solvent – while T2 CoCos act on a gone-concern basis – when the bank is already

‘failing or likely to fail’ 2. In this thesis I focus exclusively on going-concern CoCos.

Even though they have existed for almost 10 years at the moment of this writing, there

has been only one conversion and that was not done under regular circumstances. Banco

Popular, a Spanish bank, was declared bankrupt and was sold for e1 to Banco Santader

(Buck, 2017). Subsequently, the Spanish regulator announced CoCo holders that their

debt has been erased, even though it was supposed to be triggered while the bank was still

solvent (Smith, 2017). Hence there is little evidence of implications of CoCo conversions

on any market mechanisms on banks’ financial stability, although this topic has been

explored by a large body of theoretical research.

The second chapter of this thesis focuses in a theoretical setup on the banks’ financial

stability effects of CoCo conversion when a bank holds two CoCo buffers at different

capitalisation levels. Timely bank recapitalisation without the need of bail-outs is a very

appealing feature of CoCos, but some regulators fear that the Basel III minimum trigger

at which recapitalisation is meant to take place (5.125% of CET1 to Risk Weighted Assets

(RWA)) is too low for CoCos to fulfil their primary aim. As a consequence, in countries

such as Switzerland or United Kingdom, the regulators either imposed higher minimum

triggers on top of Basel III requirements (for instance UK requires a minimum trigger level

of 7% CET1 to RWA), or required certain financial institutions to hold multiple buffers

of CoCos at different capitalisation levels (for example Switzerland requires Systemically

Important Financial Institutions (SIFIs) to hold both 5.125% trigger and 7% trigger

CoCos). In the second chapter I find that this two-layered of CoCo buffer structure can

negatively affect a banks’ stability, as it can lead to market panic and subsequent CoCo

1Tier I Capital is the core capital of the bank, and its main absorption mechanism, and it is split
into Core Equity Tier 1 (CET1) (common equity) and Additional Tier 1 capital (AT1). Tier 2 capital is
supplementary capital, and includes undisclosed reserves, subordinated term debt and hybrid instruments.

2Art. 51 et seq. and Art. 62 et seq. from the Capital Requirements Regulation (CRR) EU NO
575/2013 of the European Council define a series of conditions. Some of the key features are: both needs
to have a Point of Non-Viability (PONV) clause and a mechanical trigger, can be either conversion to
equity or principal write-down, and the first call must be at least 5 years after issuance. The AT1 CoCos
are ranked before equity capital, and T2 CoCos ahead of AT1 CoCos. The AT1 CoCos must be perpetual
with a call feature, while T2 CoCos have fixed maturity.
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conversions. This issue can be mitigated through certain CoCo designs, and I argue

towards an optimal CoCo structure in this setting.

The third chapter deals with the implications of CoCos on bank risk-taking, which is

another crucial discussion, both in academic literature and for the regulators. Theoretical

literature argues that banks strategically issue certain types of CoCos to increase their

risk-taking behaviour, or that different CoCo features lead to different risk taking impli-

cations. In the third chapter, I empirically test these theoretical results. This chapter

is co-authored with Mahmoud Fatouh and Sweder van Wijnbergen. We find no effect of

an issuing bias on a UK banks sample, but we confirm the theoretical prediction that

the potential gains or losses of existing shareholders upon conversion influence the risk-

taking behaviour of banks. We argue that CoCos can create unintended consequences on

risk-taking behaviour, and that the regulator should distinguish between different CoCo

designs in order to mitigate increased risk-taking behaviours.

Unforeseen risk-taking consequences are not unique to CoCos. Another debate regards

to the now mandatory leverage ratio requirement (LRR). The LRR is meant to comple-

ment the risk-sensitive RWA requirement, but it also creates unintended consequences

in terms of risk-taking implications. A bank will diversify its portfolio across different

business activities based on the relative profitability and capital requirement impact on

the two regulatory requirements. An early question was whether the most binding con-

straint changes banks’ risk-taking incentives. Both theoretical and empirical literature

find evidence that banks which are more likely to be bound by LRR will increase their

share in high-margin, high-risk assets (Acosta-Smith et al., 2018; Choi et al., 2018).

The LRR is only required at banks’ consolidated (group) level, but there is evidence

that bank groups instead require that each business unit meets the requirement as well. In

the fourth chapter we go a step further and ask if and how the impact on asset risk differs

if a bank applies their regulatory constraints exclusively at the group level, compared

to requiring each business unit to comply with them. In joint work with Quynh-Anh

Vo we find, both in a theoretical model and a numerical calibration and simulation on

UK banks that the most binding constraint plays a crucial role in the asset risk impact.

Intuitively, the LRR negatively affects businesses with very low margin, but high impact

on a banks’ leverage ratio, such as repurchase agreements (repos). The current evidence
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for the impact of LRR on repo transactions is mixed, so we use confidential transactional

data on the UK repo market to calibrate our model to bring additional insights on the

matter. In this chapter we bring further illuminate how different bank business models

influence the asset risk impact. We furthermore argue that regulators should distinguish

between them if they consider changing the level at which the LRR is applied, as one size

does not fit all.

I described in very general terms the matters discussed in this thesis, and further I

elaborate over key features of CoCos and their regulatory landscape, the thesis outline

and the chapter break-down.

1.1 CoCo primer

Contingent convertible bonds were first proposed by Flannery (2002) in the academic

literature, and were first issued by the UK commercial bank Lloyds Bank group in 2009.

Even though they were issued as early as 2009, CoCos have only qualified as Additional

Tier 1 capital under Basel III regulation since 2013. Although they have been issued in

various forms around the world, but they can be defined by a number of key features.

CoCo key features

Contingent convertible bonds have two key features: the conversion type and the

trigger. CoCos can either convert to equity at a fixed or variable ratio dependent on

the share price at the time of conversion, or have a write-down function. Current CRR

regulation does not distinguish between the two types of conversion for CoCos to qualify

as regulatory capital. The type of conversion and the ratio for which CoCo debt converts

into common shares implies a wealth transfer between CoCo holders and equity holders.

For instance, a principal write-down CoCo bond implies that in case of conversion the

equity holders have a wealth transfer gain of the entire CoCo sum. At the other extreme

we find CoCo debt which converts to equity at such a high rate that existing equity

holders are infinitely diluted, hence leading to a negative wealth transfer from CoCo bond
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holders to equity holders. A neutral conversion implies that there is a zero wealth transfer

between CoCo and equity holders.

The second key feature is the trigger type, which can be either mechanical or at the

discretion of the regulator (Point of Non-Viability - PONV). In terms of mechanical trig-

gers, CoCos can convert at either market-based or book-based triggers. It implies that the

soundness of a bank is evaluated at market capitalisation indicators, or at accounting-

based ones. There have been debates in the literature whether market or book-based

triggers are more suited (for example see Calomiris and Herring (2013); Sundaresan and

Wang (2015)), and the impact of the regulators’ decision whether to convert or not (see

Chan and van Wijnbergen (2015)).

AT1 European issuances and regulatory regime

The national regulatory landscape greatly influence the amount and type of CoCos

issued. The first important inclusion was the qualification of CoCos as capital under

Basel III, followed by Total Loss-Absorbing Capacity (TLAC) requirements for Global

Systemically Important Banks (G-SIBs). The Financial Stability Board imposed TLAC

requirements of at least 16% until January 2019, and at least 18% until January 2022

of the G-SIBs group’s Risk-Weighted Assets (RWAs), which can be partially filled with

CoCos (Financial Stability Board, 2015). More recently, in the Bank Recovery and Res-

olution Directive (BRRD), banks need to hold bail-in-able debt: CoCos qualify as such

under Write-down or Conversion of Capital (WDCC) instruments (World Bank, 2017).

The European Banking Authority in the Capital Requirements Regulation (CRR) requires

that mechanical triggers are exclusively accounting-based, thus rendering the debate on

the favourability of market triggers purely theoretical for the time being.3 Additionally

Europe made them an attractive security to issue as the coupon payments are tax de-

ductible. The three primary reasons for CoCo issuance are summarised in a Bundesbank

report as: inclusion as regulatory capital, advantageous tax treatment, and lower costs of

issuance compared to pure equity (Deutsche Bundesbank, 2018).

3CRR EU 575/2013 Art. 54. et seq.



6 Introduction

Figure 1.1: AT1 CoCos country of issuance. Data source: Bloomberg
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The CoCo rules have changed over time and the banks adjust their issuances to na-

tional regulation. Germany had no tax deductibility on coupons until 2014 which led to a

limited issuance up until that point (Deutsche Bundesbank, 2018), and the Netherlands

removed the tax benefits on CoCos in January 2019.4 United Kingdom and Denmark

require that CoCos have a trigger level of at least 7%, compared to the minimum 5.125%

from Basel III, and Switzerland requires Systemically Important Financial Institutions

(SIFIs) to hold both low- and high-trigger CoCos.

In early years, from 2009 to 2015 the world-wide CoCo market saw total issuances of $

521 bn., spread across 731 CoCo issuances, from which only slightly less than half (55%)

qualified as AT1 capital (Avdijev et al., 2020). At a country level, issuers from China,

UK, Switzerland and Australia had the largest aggregate CoCo issuance between 2009 to

2015 (Avdijev et al., 2020). Comprehensive overviews of the international CoCo market

up to 2015 can be found in Avdijev et al. (2020) and Greene (2016).5

4See government announcement https://bit.ly/2Sedxpm.
5See the 2017 Working Paper version of Avdijev et al. (2020) for a more elaborate summary.

https://bit.ly/2Sedxpm
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This thesis focuses exclusively on characteristics of AT1 European CoCos, which up

to August 2020 had almost 200 issuances with a cumulative worth of e180 bn. ($212 bn.)

(Gledhill, 2020). Our sample retrieved from Bloomberg comprises of 182 AT1 European

contingent convertible bonds, issued between 2013 to end of 2018, worth almost e158

bn. ($ 184 bn.). The European market has four large issuers in terms of country of

origin: UK (34% of total issuances by volume in ebn.), followed by Switzerland, France

and Spain, each holding 12-13% of the market. A summary of issuances by country of

origin based on amount issued (ebn.) is found in Figure 1.1. As previously discussed,

the minimum CoCo trigger level is sometimes set at country-level in addition to the Basel

III recommendations, and almost all banks issue at the minimum regulatory requirement

imposed by the country of issuance with very few exceptions - see Figure 1.2. For example

Crédit Agricole is the only French bank which issued at a high trigger level (7%), but

only at the bank’s group - the conversion trigger for the individual bank entity is still

at 5.125%. The feature where the bank sets a different trigger event for the group (high

trigger) compared to the solo entity (low trigger) is seen for almost all Dutch and Swedish

issuances. The conversion type is left at the latitude of each issuer. There is no obvious

pattern in the data (see Figure 1.3) besides that almost all issuances within a certain

country indicate to follow the same type of issuance, whether it is conversion to equity

(such as Spain and the UK), or principal write-down (like in France and Switzerland).

We can observe that banks with large CoCo issuances keep their portfolio diversified

by issuing in different currencies and even changing the type of conversion. Banks that

issue conversion to equity CoCo bonds in different currencies tend to keep the same price

of conversion as calculated in their national currency at the time of every new CoCo is-

suance, even if issuances are done at different points in time.6 Outside the UK (where

issuances in GBP dominate the market), the two most common currencies of issuance

in Europe are EUR and USD. Except for Spain which issued almost exclusively EUR-

denominated CoCo bonds, local banks tend to diversify the currency in which they issue,

while keeping their own currency as majority currency, with a notable exception being

6To exemplify, if a Spanish bank issues at a conversion rate of 1 EUR in 2019, in September 2020
the new issuance in GBP will insure that the conversion rate translates into 1 EUR per share, so the
conversion rate would be 0.91 GBP.
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Figure 1.2: AT1 CoCos mechanical trigger. Data source: Bloomberg
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France who’s banks almost exclusively issued in USD.

Evolution and challenges

There have been few, but significant events in the CoCo world. The first one was in

February 2016, when Deutsche Bank had a negative profit warning, led by commotion

in the markets at potential information that the bank might not be able to meet their

CoCo coupon payments. The event led to a market panic in CoCo secondary markets, with

prices falling sharply. A seemingly unimportant event affecting one bank led to contagion,

leading to the natural question whether CoCos can fulfill their preventive purpose and

make the financial system safer (Kiewiet et al., 2017; Glasserman and Perotti, 2017). The

second event was the first (and only) CoCo conversion when the Spanish bank Banco

Popular was declared insolvent in 2017, and subsequently all the CoCo debt worth e1.25

bn. was erased. Unlike the Deutsche Bank announcement, the Banco Popular CoCo

conversion led to no spillovers in the CoCo market.

Standard CoCo issuances have a callable option at 5 years, even if the bonds are

perpetual. Since the CoCo market became more mature, banks call their previous CoCo

issuances, and they re-issue at lower coupon levels. So far, only Santander and Deutsche

Bank did not use their call option in 2019, followed by the London based Lloyds bank
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Figure 1.3: AT1 CoCos conversion type. Data source: Bloomberg
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in June 2020. Even if the expected gains are lower now than they were a few years ago,

the CoCos issued in 2020 had coupons in the range of 3.375% and 7.5%, which represent

more than double the value of senior debt coupons (Gledhill, 2020).

The year 2020 proved eventful for all financial markets, and the CoCo market was

no exception. The first market turmoil was in March 2020, when yields reached 15.4%

and slowly recovered after major government and central bank intervention around the

world (Gledhill, 2020). The CoCo issuance market effectively halted from March until

beginning of May 2020, but in September 2020 the level of issuance reached pre-Covid

levels. Also in March 2020, the European Central Bank announced that AT1 CoCos

can be used to meet Pillar 2 capital requirements as part of their temporary Covid-

19 package relief.7 This decision is expected to lead to an increase in CoCo issuances.

Moreover, investors still indicate to have a strong appetite for CoCos (Baker, 2020), and

banks started diversifying their issuances with respect to social corporate responsibility,

with BBVA’s first green CoCo issuance in July 2020.8 Hence, early evidence indicates

that CoCos proved robust in the face of the virus, but we did not yet witness any pause

in coupon payments, and banks’ capitalisation levels are high enough for investors not to

be afraid of a potential conversion.

7The full announcement: https://bit.ly/2S96oX7.
8The 2020 BBVA e1 bn. green CoCo issuance was three times oversubscribed - https://bbva.info/

2S7fpjA.

https://bit.ly/2S96oX7
https://bbva.info/2S7fpjA
https://bbva.info/2S7fpjA
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The current challenge that lies ahead is the medium-term impact of Covid-19 on

CoCos. As the virus still creates excessive uncertainty, and the winter 2020 prospects are

gloomy, CoCo bonds are more likely to be affected in terms of coupon payments, and the

banks might not exercise their right to call the CoCos amid fear of lack of new investors

and decreasing their Tier 1 capital. There are early signs that banks enter a signaling

game - some want to signal to the market that they are strong enough to repay their CoCo

debt, and confident that there is enough demand for a new issuance, such as Dutch ING

and Swedish Swedbank did earlier this year (Ramnarayan and Nikolaeva, 2020). Would

banks call their CoCos just to prevent reputational damage, or is the signal strong enough

to not be able to be faked by ‘lemons’? We should soon be prepared to experience the

effects of missed coupon payments. Will it lead to market contagion, or will the investors

have learned from the Deutsche Bank event of 2016? These are questions worth exploring,

and I aim to do so in future research.

1.2 Thesis outline and summary

The thesis proceeds as follows. Chapters 2 and 3 focus on CoCos, and Chapter 4 on

the leverage ratio implications on risk-taking.

In Chapter 2 I develop a theoretical model to investigate the effect on a bank’s financial

stability of having multiple CoCo buffers on the same bank balance sheet, using cash-in-

the-market pricing (Allen and Gale, 1994) and global games (Goldstein and Pauzner, 2005)

methodologies. I analyse CoCo buffers with triggers at different capitalisation levels, and

I find that they can be detrimental for the CoCo bail-in capacity. Market-based triggers

lead to premature conversion and fire-sales of equity. I compare the key features of CoCos

in terms of wealth transfer and type of mechanical trigger for banks with two-layered

CoCo structures, and argue that book-based triggers can be the most beneficial from a

stability perspective, as long as they incorporate expected credit losses.

In Chapter 3 we assess the impact of CoCos and the wealth transfers they imply

conditional on conversion on the risk-taking behaviour of the issuing bank. We also test

for regulatory arbitrage: do banks by issuing CoCo bonds try to maintain risk-taking

incentives when regulators reduce through higher capitalization ratios? We test it on the
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UK sample, who’s banks account for the largest share of CoCo issuers in Europe. Our

dataset combines bank balance sheet data with internal Bank of England measurements

of banking competition and macroeconomic uncertainty in the UK. Almost all CoCo

bonds that we consider are conversion to equity, and we calculate the expected wealth

transfer they will impose on conversion based on historical observed declines of share

prices in times of crisis. We use parametric (Heckman, 1976), semi-parametric (Cosslett,

1991; Ahn and Powell, 1993) and non-parametric (Lee, 2009; d’Haultfoeuille et al., 2019)

methodologies that evaluate selection effects, and further we evaluate the CoCo impact on

risk-taking using static (pooled OLS) and dynamic (Arellano-Bond) model specifications.

While we test for and reject sample selection bias, we show that CoCo bonds issuance has

a strong positive effect on risk-taking behaviour, and so do conversion parameters that

reduce dilution of existing shareholders upon conversion. Higher volatility amplifies the

impact of CoCo bonds on risk-taking.

In Chapter 4 we examine how the level at which banks apply regulatory constraints

affects their investment and their asset risk. We develop a theoretical model and calibrate

it to UK banks. The bank can choose a portfolio mix between a high-risk, high-margin

investment, which we capture via lending, and a low-risk, low-margin investment which we

proxy with the UK gilt repo market. We use bank balance sheet data and a confidential

Bank of England dataset on UK gilt repo transactions for our calibration. Our main

finding is that the impact differs significantly depending on which of regulatory constraints

matter at the group consolidated level. As long as at the consolidated level, only the

leverage constraint matters, the allocation of constraints to business units does not imply

any negative impact on banks’ resilience. However, it could bring about an increase in

banks’ asset risk in the case where only Value-at-Risk constraint matters at the group

level. We also find that banks’ business model matter for this issue. We divide our sample

in capital-oriented, wholesale and retail banks using the methodology of Roengpitya et al.

(2014), and find that the retail group has similar risk-taking results as the average bank,

while the wholesale and capital-orientated group calibration yields opposite results.





Chapter 2

Multiple buffer CoCos and their

impact on financial stability
1

2.1 Introduction and related literature

In 2013, the Swiss National Bank (SNB) imposed additional requirements on bank

capitalisation for Systemically Important Financial Institutions (SIFIs) in addition to

Basel III regulation. Besides increased minimum levels of capitalisation, a distinct element

of Basel III compared to past regulation is the introduction of Contingent Convertible

bonds (CoCos), a security which is meant to act as a bail-in mechanism for banks in times

of distress. CoCos are a hybrid security which act as a bond, but convert immediately

into equity or are (partially) written down if the bank reaches, or is below, a pre-specified

threshold which signals a poor financial state of the issuing body. In the ‘Swiss finish’,

SNB imposes a higher capitalisation level of going-concern CoCos and unlike Basel III,

a higher minimum trigger level. The CoCo IPOs of the two SIFI Swiss banks – Credit

Suisse AG and UBS AG – indicate that the banks still work towards filling in the minimum

requirements on high trigger CoCos (in end 2017), but they still hold, or even issue new

low trigger CoCos on their balance sheet. To the best of our knowledge, these two groups

are the only two banks world-wide to hold a two-layered going-concern CoCo structure

1I am grateful to my supervisor Sweder van Wijnbergen for his suggestions and support throughout
the process. In particular I thank Giorgia Piacentino, Tanju Yorulmazer, Vladimir Vladimirov and
Simon Mayer for early feedback. I am grateful to the discussants and seminar participants from various
conferences and seminars for their valuable feedback and suggestions.
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on the same set of assets, which indicates to us that they only exist to meet regulatory

requirements, and do not necessarily arise as part of an optimal banks’ capital structure

(Avdjiev et al., 2015). The novelty of a bank having two different going-concern trigger

levels in the capital structure has not yet been discussed in the literature, but their

treatment in case of conversion has been incorporated in the European Banking Authority

report (EBA Report, 2016).2

To the best of our knowledge, the effects of this multiple buffer strategy on financial

stability have not yet been researched, even though it is implemented and advocated as

a safe bail-in mechanism. The aim of this paper is two-fold. Our overarching research

question is to analyse the effects of CoCo conversion on subsequent CoCo bail-in capacity

in case of multiple buffer CoCo bank capital structures. Secondly, we aim to find an

optimal CoCo design which minimises inefficient conversion, for a given capital structure.

By ‘inefficient’ we understand that conversion occurs above the bank fundamentals trigger

threshold.

In this paper we argue that there is a key trade-off in the two-layered structure of CoCo

bonds. Multiple trigger levels effectively translate in multiple recapitalisation buffers on

a going-concern basis, which increase bank resilience. Nonetheless, the triggering of the

first buffer can be perceived as a strong market signal that the bank is in financial distress,

leading to further market panic, which can artificially trigger subsequent CoCo buffers.

Hence, the trade-off of several CoCo buffers that we aim to capture is increased bank

resilience versus the possibility of fire sales of equity.

We show how CoCo design matters when a bank has to comply with regulatory re-

quirements on an equity ratio, as it is currently stipulated in the Basel III regulations.

To that end, we model decisions that are taken in industry, but have not yet been ac-

counted for in the CoCos literature. We incorporate the pro-cyclicity of limited cash with

the returns on assets, and assess how this co-movement affects equity. This paper falls

under the banking literature that deals with unintended post-crisis regulation, and more

specifically with the one of CoCo regulation in Basel III and beyond. Firstly, in order to

2The report stipulates the possibility that both CoCos are hit simultaneously.The sequencing is as
follows: “ losses corresponding to the amount required to go back to 5.125% should be absorbed by both
the low trigger and the high trigger instruments on a pro rata basis. Losses above 5.125% will only be
supported by the high trigger instrument” (Art. 96).
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maintain a particular equity to assets ratio, banks can either increase their equity base or

decrease their asset side. Empirical evidence indicates that shrinking the balance sheet

through asset liquidation is commonly done (Association for Financial Markets in Eu-

rope, 2016), aspect which we incorporate in the paper. De-leveraging is often observed as

opposed to raising new capital in face of negative shocks to existing positions (Classens,

2014), as in times of distress equity is expensive to issue. We model the banks’ choices

as a constrained maximisation problem, in which the bank maximises the equity value

while maintaining a minimum level of equity to assets ratio. Secondly, equity holders are

affected by initial CoCo issuance and later on by asset pricing volatility due to the news

impact that CoCos can create. Insofar, the focus in the literature has been placed on de-

positor bank runs (Chan and van Wijnbergen, 2015), but we argue that the signaling value

of CoCos can create a downward spiral on equity as well, aspect which was previously

modeled in continuous time by Sundaresan and Wang (2015). They show multiplicity of

equilibria in the presence of market triggers in discrete time, but they were further ruled

out in continuous time (Glassserman and Nouri, 2016), and corrected by Pennacchi and

Tchistyi (2019). Lastly, we introduce cash-in-the-market pricing in the CoCos literature:

in times of distress there is not enough cash available in the market which in turn will

depress the market prices of equity. We find that a two-layered CoCo capital structure

leads to multiplicity of equilibria, no equilibrium or a unique (inefficient) equilibrium for

CoCo conversion in times of distress. We further compare the optimality of different

types of CoCo designs and show which one minimises the inefficient conversion space, for

a fixed capital structure. We find that market based triggers, even though very popular in

academic literature, harm the issuing bank either directly, through inefficient conversion

of CoCos, or indirectly through an artificial speculative attack on forcing conversion by

equity holders. In this context we show that a capital structure with two different types

of CoCos is detrimental to the financial health of the bank, as the second (low trigger)

CoCo will not successfully act as an additional buffer. Instead, the high trigger one can

induce a negative externality of converting the low one as well through the equity holders

reaction. In contrast, we argue that book based triggers can be an effective bail-in mech-

anisms as long as the value of assets is evaluated accurately by the issuing bank, and it

incorporates expected losses. If the accounting value only accounts for occurred losses, as
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Figure 2.1
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it is was stipulated in the International Financial Reporting Standards (IFRS) until 2018,

then going concern CoCos do not fulfil any function on loss absorbing capacities before

it is too late in our model. Nonetheless, this problem is mitigated with the incorporation

of expected credit losses.

The paper is structured as follows. Firstly, we present a primer on CoCos and how this

paper is embedded in the existent literature. In section 2 we define and solve the baseline

model and economy. In section 3 we analyse the extended model of having two CoCo

buffers and draw comparisons with the baseline model. Lastly, in section 4 a comparison

between different types of CoCos follows, and the paper concludes.

2.1.1 CoCo primer

Contingent Convertible bonds have two key characteristics: the trigger which deter-

mines the conversion, and the type of conversion they will incur. A summary can be

found in Figure 2.1. The loss absorption mechanism can be either conversion to equity

(CE hereafter) or a principal write-down (PWD hereafter). To generalize, let the con-
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version rate be ψ ∈ [0,∞), per unit of CoCo, with conversion price 1
ψ

(Chan and van

Wijnbergen, 2017). The PWD CoCos are a limiting case, with conversion rate ψ = 0.

The trigger can be mechanical and/or discretionary. The discretionary trigger is acti-

vated at the point of non-viability of a bank (PONV). This feature allows the supervisor

to force conversion if it considers it as a necessary step in preventing insolvency.3. The me-

chanical trigger imposes conversion at a pre-specified ratio of core capital to risk weighted

assets (RWA). The key distinction between market and book based triggers is in mea-

suring the value of core capital and RWA. Book value can be effective in terms of timely

recapitalisation if it is measured correctly, and at a high frequency, while market value

could capture inconsistent accounting valuations. We understand by correct measurement

an accurate evaluation of asset value, which incorporates tail-risk events.

Under Basel III, CoCos can qualify as Additional Tier 1 (AT1 hereafter) or Tier 2 (T2)

capital. To qualify as AT1 under European Law, the CoCos need to, among others: have

a PONV clause, absorb losses on a going-concern basis, be perpetual instruments and

have a minimum trigger level of 5.125% of Core equity tier 1 (CET1) to RWA. Countries

can stipulate additional conditions to the European Law minimum requirements. For

instance, Denmark and UK imposed a minimum trigger level of 7% for AT1 instruments.

The Swiss national supervisors request at least 6 percent of ‘low-trigger’ AT1 or T2

CoCos and an additional 4.3 percent of ‘high-trigger’ AT1 CoCos (Swiss Financial Market

Supervisory Authority, 2015). Tier 2 CoCos and further regulatory requirements are

beyond the scope of this paper, but a more comprehensive analysis can be found in

Avdjiev et al. (2013), Avdijev et al. (2020) and Kiewiet et al. (2017).

3Effects of conversion on equity holders or market prices are unclear, as the very first conversion
happened only in June 2017 at Banco Popular, a Spanish bank which was taken over by Santander
(Smith, 2017) The decision of a full write-down was made under PONV and imposed by the Single
Resolution Board, part of the EU Banking Union. Financial Times argued that the conversion had little
spillovers in the market, and some CoCo holders already accused the authority of lack of transparency
and valuation of the resolution (Beardsworth, 2017). In this paper we abstract from a PONV clause, and
do not model its additional effects on conversion prices.
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Related literature

The dominant views on the CoCo issuance are either for meeting regulatory require-

ments (Avdjiev et al., 2013) or emerging as an optimal capital structure of a bank for risk

shifting incentives. Our paper belongs to the former strain, where banks issue them only

to meet regulatory requirements, and have additional bail-in buffers.

There has been an extensive theoretical literature on CoCos after their introduction

after the financial crisis. The focus in the literature has been on depositor runs (see Chan

and van Wijnbergen (2015)), managerial risk shifting incentives ( see Glasserman and

Nouri (2012), Zeng (2014), Martynova and Perotti (2018) and Chan and van Wijnbergen

(2017) ). The closest models to our framework are the ones by Avdijev et al. (2020) and

Chan and van Wijnbergen (2015).

If market participants have noisy information about the true state of nature, method-

ologies on self-fulfilling crisis use global strategic complementarities or adverse selection

(impatient and patient agents with need to withdraw) (Morris and Shin, 1998; Diamond

and Dybvig, 1983; Goldstein and Pauzner, 2005). We employ the bank-run methodology

of Goldstein and Pauzner (2005) to prove uniqueness of the inefficient equilibrium, below

which crises are self-fulfilling. A similar approach based on global games has been done

by Chan and van Wijnbergen (2015) on depositor runs, but our focus is on equity. To

the best of our knowledge, we are the first to introduce limited cash availability in the

market in a CoCos model. We exemplify the impact of market liquidity on pricing stocks

using the liquidity shocks from the seminal paper of Allen and Gale (1994).

The existent debate in the literature on CoCo trigger levels focuses almost exclusively

on market based triggers. Glasserman and Nouri (2012) and Derksen et al. (2018) develop

valuation models in continuous time for CoCos based on book value. Nonetheless, in

industry all financial institutions have a book-based trigger. In Europe market based

triggers are outlawed by the Capital Requirements Regulation (CRR). The downward

equity spiral aspect was previously modeled in continuous time by Sundaresan and Wang

(2015). They argue against regulation which uses a CoCo trigger based on market value,

because it can create instability in the market and lead to multiplicity of equillibria in

pricing the assets. Their multiple equillibria were obtained using discrete time, and were
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further ruled out in continuous time (Glassserman and Nouri, 2016). Albul et al. (2015)

find closed form solutions of CoCo prices in continuous time of optimal capital structure

when market trigger CoCos are a choice variable. Their objective function is maximizing

equity value, and show how different structures affect leverage, bankruptcy costs and tax

benefits.

2.2 Baseline model and equilibrium analysis

The framework is based on a theoretical three period model t = {1, 2, 3}, with a bank,

and three types of agents: private investors, passive bank debt holders, a bank manager,

and two main frictions: fire sales of equity (cash-in-the-market) pricing of equity and

an unexpected shock to asset returns. The economy is described by its fundamentals

θ ∼ Unif [0, 1], where a low value of θ indicates a bad state of the world. θ is realised at

t = 2, but each market participant i ∈ {1, 2, 3, ..., n} only obtains a noisy signal θi = θ+εi

about its true value, where the noise is drawn from a uniform distribution εi ∈ Unif [−ε, ε].

Baseline model

We start with the most general case, where the bank has only one layer of CoCo

debt, and it faces a strong informational shock in the intermediate period which alerts

the market about the possibility of CoCo conversion.

Bank capital structure

We assume an exogenous bank capital structure, in place before t = 1, consisting of a

risky asset, and liabilities in the form of senior debt, CoCo debt and equity. We justify

this simplifying case of exogeneity based on CoCo regulation being introduced on existing

capital structures. The bank invests ex-ante an amount A in a risky investment4 - see

Table 2.1. The risky investment has returns at t = 3, and depend on the initial asset

riskiness - determined by the variance of returns, and the state of economic fundamentals

4We assume that the bank does not hold any cash ex-ante. We solved the model with cash on the
balance sheet of the bank as well, but the main results do not change and just add additional notation.
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θ. The returns follow a general probability distribution function fA(θ), with a cumulative

distribution function FA(θ), and a corresponding standard deviation σA
5. The expected

value from the investment decision perspective is Et=0[A] =
∫ θ=1

θ=0
AθfA(θ)dθ = R > 1.

The long term risky asset can be liquidated early in the intermediate period t = 2. Early

liquidation is costly, and the entire asset can be liquidated for a value l, where l < E[A].

To fund its investment, the bank raises a total amount outstanding of senior debt D,

CoCo debt C, and equity e0.6 CoCo debt has a conversion rate of ψ and a trigger level

τ . The conversion is dependent on the ratio of equity to risk weighted assets. If the

ratio is below τ , then the CoCo debt will convert. All debt is repaid at t = 3 and equity

holders e0 = A−D−C receive dividends. Further, let emt denote the market equity capi-

talisation evaluated at t = {1, 2, 3}, and ebt the corresponding book capitalisation at time t.

Capital requirement for CoCos

The bank is subject to a risk-based capital requirement (RWA) at each time period.

The regulatory requirement imposes a minimum level of equity to be held against the

total value of risk weighted assets.In case this ratio falls below the minimum requirement

τ , then CoCo debt converts and acts as an internal bail-in mechanism. If equity is book-

based evaluated, then the requirement reads:

RWAbook =
E[A]−D − C

σAE[A]
> τ (2.1)

Alternatively, if equity is evaluated on the market, the numerator is given by the

market capitalisation em = Pm nmax, where Pm is the market price per share, and nmaxis

the number of shares. In this case, the constraint reads:

RWAmarket =
Pm nmax
σAE[A]

> τ (2.2)

5For the purpose of this setup the shape of the distribution function does not affect the results.
6We assume throughout deposit insurance, and so we do not consider depositor runs. We abstract

from this matter by completely excluding demandable debt in the capital structure of the bank. For a
global games analysis of potential CoCo impact on depositor runs, see Chan and van Wijnbergen (2015).
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If the bank is priced at fair value, then the book and market based requirements

coincide - equations (2.1) and (2.2) are equivalent. In case of distress, the ratio can be

maintained either through costly liquidation of long term assets, or by CoCo conversion.

The other alternative is issuing new equity, but we argue that this is the least appealing

for the bank in times of crisis, due to underpricing and dilution of existing shareholders.

Table 2.1: Initial balance sheet baseline model

Assets Liabilities

A - initial investment D -senior debt
C - CoCo debt
e0 - initial equity

Agents

There are three types agents of in the economy: active investors, bank manager and

passive debt holders.

Investors

There is a unit mass risk-neutral investors with wealth W = c+e0 divided ex-ante between

cash c and equity e0. These investors know ex-ante the existence of the idiosyncratic

shock, but they do not know the magnitude (as it is dependent on yet unknown θ),

hence they self-insure by holding both cash and equity. They are the only ones to hold

bank equity, and their decisions are going to determine the (fire sale) share price in

the market at t = 2. At t = 2 fraction λ(θ) ∈ (0, 1) of investors is hit by a liquidity

shock. Each investor i ∈ {1, 2, ...n} and the bank manager B obtain a noisy signal

θi = θ + εi, θB = θ + εB respectively, where εi is the information noise drawn from a

uniform distribution Unif [−ε, ε].

The fraction of investors λ(θ) hit by the liquidity shock sell their equity. The investors

1 − λ(θ) not hit by the shock decide whether to sell or not their stake in the bank. The

consumption decision of the late investors depends on the market price of equity today

versus the expected dividend payments of tomorrow, which depend on own signal θi, and

how many other market participants sell at t = 2. We denote the fraction of late in-
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vestors which sell by λpanic(θ) ∈ (0, 1−λ(θ)). This framework which will further drive our

cash-in-the-market pricing results is based on the seminal work of Allen and Gale (1994).

The investor decisions to sell or buy bank equity at the intermediate stage determine the

equilibrium share price on the market Pm.

Bank manager

The bank manager has no initial wealth, and their aim is to maximise banks’ share

value while meeting the risk-sensitive capital requirements at t = {1, 2}. In case of

recapitalisation needs, the bank’s choice is between asset substitution or Coco conversion.

In the baseline model, the manager faces a decision only at the intermediate time t = 2

after the price of equity is pinpointed in the market.

The decision of the manager is to maximise shareholders’ value, by choosing the op-

timal liquidation fraction and conversion, conditional on meeting the risk-based capital

requirement. In case of market based requirements, the banks’ manager problem reads:

max
β,1conv

eb

nmax
=

(1− 1convβ)E[A] + 1convβl − 1convC −D
nmax

s.t.

RWA =
Pmnmax

σA(1− 1convβ)E[A]
≥ τ (2.3)

where β ∈ [0, 1] is the liquidation fraction of long term assets, l < 1 liquidation value per

unit of investment and 1conv is an indicator function for conversion:

1conv =

 0 if conversion of low CoCo

1 otherwise

The maximum number of shares, nmax = 1 + (1 − 1conv)ψC Alternatively, when the re-

quirement is book based, the numerator Pmnmax is replaced with the book value of equity.

Passive debt holders

The third type of agents are passive bond holders, which hold debt in the bank either

in the form of senior or CoCo debt. They do not play an active role in the subsequent

analysis, as their behavior on the secondary market does not influence equilibrium out-
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comes in this setting.

Timeline

Figure 2.2: Timeline baseline model
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Ex-ante, the bank raises funds, and investors allocate their portfolio W = c+ e0.

At t = 1 there is new private information revealed about the risky assets, which

decreases the expected value of returns to the risky asset from R to RL. We model this new

information as a first order stochastic dominance shift in the probability distribution of

returns of the long term asset from fA(θ) to fL(θ): E1[A|fL] = RL < R, thus maintaining

the same standard deviation σA. The bank manager incorporates this information at time

t = 1 in the capitalisation requirement, which becomes:

RWA1 =
E1[A|fL]−D − C

σAE1[A|fL]
> τ

The new ratio is still higher than the minimum capital requirement, but the shock is

large enough to be observed in the market. This signals to the market that returns are

lower than initially expected which potentially influence the behaviour of equity holders

at t = 2.

At t = 2, the true state of fundamentals θ is realized. Each investor i ∈ {1, 2, ...n} and

the bank B obtain noisy signals θi = θ+εi, where εi is the information noise drawn from a

uniform distribution Unif [−ε, ε]. A fraction λ(θ) of investors are hit by a liquidity shock

and sell their equity. Due to the asset shock at t = 1 existing equity holders expect lower

returns, but also a potential CoCo conversion or asset substitution. If the fundamentals

are perceived as good enough, so the worst signal that an investor obtains is θH , and so
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Figure 2.3: Decision tree baseline model
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the fundamentals are higher than θH + ε, then the expected returns are high enough to

have no investors which sell equity without having a liquidity need. Otherwise, there is a

fraction of investors λpanic(θ) who sell their equity in light of these potential effects, and

we refer to them as panic investors.

After markets clear, and the price of equity is determined, the bank manager re-

evaluates the RWA requirement. The manager maximises share value, while meeting

the capitalisation requirements. They re-establish the capitalisation ratio either by asset

substitution or high CoCo conversion.

At t = 3 returns on the long term asset are realized and debt and dividend payments

are made.

To summarise, there are two signals in the economy. At t = 1 the manager obtains

new private information about the distribution of returns to the long term asset. The

second signal is represented by the noisy information about the state of fundamentals θ

at t = 2. The shock to assets and the state of the fundamentals are uncorrelated.

If fundamentals are good enough: θ > θH+ε, then there are no panicked investors, and

equity trades at book/fundamental prices: Pm = P book. Otherwise, there are panicked
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investors and equity trades below book value. We depict this decision tree mechanism in

Figure 2.3. The possible dividend payoffs at t = 3 are (d1, d2, d3) corresponding to the

three states of the world.

2.2.1 Equilibrium analysis

We solve for equilibrium using backward induction, and derive the optimal strategy

of the bank manager, and of late investors λ∗panic(θ) at t = 2. The most interesting case is

the one when the ratio is evaluated in the market, and so we solve for equilibrium for the

baseline model only for that case. In the extension with two CoCo buffers we treat also

the book ratio case. We start by deriving the market clearing price of equity, followed by

banks’ best response to it, and the investors’ decision.

Market clearing price of equity

At t = 1, the bank manager received additional information that the expected re-

turns on the risky asset are lower than expected. They incorporate it in the value of

risk weighted assets. As there is too little information about the state of the world - θ is

unknown, and none of the investors is hit by a shock yet, we assume that equity is traded

at fundamental value.

At t = 2 the market clearing price of shares is endogenously determined by the cash

availability in the market. Let Pm be the market clearing price per share at time t = 2,

and nmax is the total number of shares the bank has, and is defined as

nmax =

 1 if no conversion

1 + ψC if CoCo debt converts
(2.4)

Proportion λ(θ) of initial investors face at t = 2 a liquidity shock, and they have to

consume. The function λ(θ) : [0, 1] → [0, 1] is continuous and monotonically decreasing

in θ. This captures that more investors require liquidity as the economic state worsens.

All investors hit by the shock sell their stake in the bank, regardless of the market price.

There are 0 < λpanic(θ) < 1 − λ(θ) fraction of panic investors which are not hit by the
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liquidity shock, but they still decide to sell equity at t = 2. Thus, there are three types of

investors at t = 2: λ(θ) of early investors who are hit by a shock and have to sell, λpanic(θ)

late investors who are not hit by a shock but still decide to sell (panicked agents), and

1 − λ(θ) − λpanic(θ) who are not hit by a shock and do not sell, but instead buy all

the equity in the market. The available cash in the market is determined by the late

investors which wait for dividend payments: [1 − λpanic(θ) − λ(θ)]c. Their preference of

buying equity is trivially satisfied, as in case the equity sells at fundamental value they

are indifferent, and if it sells at a depressed price then they are better-off buying, given

their beliefs. The market capitalisation must be lower then or equal to the available cash

in the market. Thus, the market clearing condition at t = 2 satisfies:

Pm(θ)[λ(θ) + λpanic(θ)]e0 ≤ [1− λ(θ)− λpanic(θ)]c (2.5)

Corollary 2.1. At t = 2, shares are either traded at fundamental value, or below it. The

market clearing price in the stock market is:

Pm(λ(θ), λpanic(θ)) = min
[ eb1
nmax

,
[1− λ(θ)− λpanic(θ)]c

[λ(θ) + λpanic(θ)]e0 · nmax

]
(2.6)

where nmax is the initial number of shares, and eb1 represents the book value of equity at

t = 1.

Banks’ best response

Once the equilibrium price Pm(λ(θ), λpanic(θ)) is determined on the market, the bank

manager best response is:

max
β,1conv

eb1
nmax

=
(1− 1convβ)E1[A|fL] + 1convβl − 1convC −D

nmax
s.t. (2.7)

RWA1(θ) =
Pm

1 (λ(θ), λpanic(θ)) · nmax
(1− 1convβ)σAE1[A|fL]

≥ τ (2.8)

Liquidation is a form of asset substitution, which allows the bank to diminish the

overall value of risk weighted assets, which in turn will increase the RWA ratio. Ceteris

paribus, we assume that the bank has a preference towards liquidating assets first, as it
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permits the low trigger CoCo buffer to be used in case of force majeure in the future (in

a multi-period model). Another explanation for delaying conversion is high reputational

costs for the bank.

If the size of the shock is big enough, and the expected returns are below gains from

liquidation E1[A|fL] < l it can readily be seen that the value of equity is maximised if

the bank liquidates all risky assets.7 This is a corner solution which brings little insight

and so we will not treat this case further.

If E1[A|fL] > l, the value of equity is decreasing in the liquidation fraction β and

increasing in the value of fundamentals θ. Thus the overall costs of bank to maintain

RWA1 ≥ τ increase as λpanic(θ) increases, because the bank has to liquidate more of the

long-term assets. The bank will maximise the value of equity by minimizing the fraction

of risky assets that it has to liquidate. Conditional on liquidation, the share value will be

maximised when the constraint will be minimised, and hence binding.

Proposition 2.1. The bank prefers asset substitution over CoCo conversion, and liq-

uidates a fraction β∗(λ(θ), λpanic(θ)) of long term risky assets as long the proportion of

panic investors is below λ∗panic(θ), and otherwise prefers CoCo debt conversion, and further

liquidation β∗conv(λ(θ), λpanic(θ)) if needed.

The banks’ best response liquidation fraction of long term risky assets is given by

β∗(λ(θ), λpanic(θ)) = 1− [1− λ(θ)− λpanic(θ)] c
τσAe0E[A|fL][λ(θ) + λpanic(θ)]

(2.9)

The bank’s indifference point between asset substitution and CoCo conversion is given

by:

λ∗panic(θ) =
c(1− λ(θ)) + λ(θ))(B − 1)e0τσAE[A|fL]

c− (B − 1)e0τσAE[A|fL]
(2.10)

where B =
E[A|fL]− C −D
E[A|fL]− l︸ ︷︷ ︸
liquidation

− (E[A|fL]−D)

(E[A|fL]− l)(1 + ψC)︸ ︷︷ ︸
conversion

.

7If the bank could further shift the distribution of returns, a moral hazard problem could arise as
banks have incentives to ‘gamble’ and continue with their long term assets due to limited liability (see
Martynova and Perotti (2018); Chan and van Wijnbergen (2017)).
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The derivations can be found in the appendix. Intuitively, the optimal λ∗panic(θ) de-

pends on the initial capital structure, and dilution size after conversion. There are three

possible cases.

We can eliminate the cases where λ∗panic(θ) is not an interior solution based on eco-

nomically sensible arguments. Firstly, if the optimal threshold between conversion and

liquidation λ∗panic(θ) has a negative value, then liquidating all assets always yields a lower

value than CoCo conversion. In this case, bank converts first and share value always

increases if conversion occurs. This case can happen if CoCos are principal write-down.

Otherwise, if λ∗panic(θ) > 1− λ(θ), then liquidating all assets is always preferred to CoCo

conversion. An interpretation could be that dilution is so large for shareholders, that

conversion becomes a solution of last resort. This can be interpreted as CoCos having a

very large dilution size ψ for existing shareholders.

The interior solution λ∗panic(θ) ∈ [0, 1 − λpanic(θ)] guarantees that the bank liquidates

first, and converts if λpanic(θ) > λ∗panic(θ). In this case, the trade-off between dilution and

costly liquidation depends on market price of shares, and dilution size ψ. After conversion,

if the ratio still falls below τL bank manager liquidates

β∗conv = 1− Pm
1 (λ(θ), λpanic(θ))[1 + ψC]

τσAE[A|fL]
(2.11)

Let ψ̄ be the “neutral conversion” at which there is a zero wealth transfer from CoCo

holders to equity holders (Chan and van Wijnbergen, 2017). For ψL < ψ̄L shareholders

benefit from conversion, and for ψL > ψ̄L the wealth transfer from CoCo holders to equity

is negative.

The neutral conversion, with a zero wealth transfer between low trigger CoCo holders

to equity holders is

ψ̄L =
(β∗ − β∗conv)(E[A|fL]− l)− C

C(1− β∗1)E[A|fL] + β∗l − C −D
(2.12)

A derivation of the parameter can be found in the appendix. The existence of an

interior solution, where the bank prefers first to do asset substitution depends on the

maximum available cash in the market, and the size of the shock to assets. Intuitively,
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Figure 2.4: Investors decision to sell and fundamentals
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if there is more cash available, equity will trade at fundamental value. Alternatively,

if returns are high enough in expectation, there is no need to liquidate any assets to

begin with. The proof and full solution of the following proposition can be found in the

Appendix.

Proposition 2.2. The bank’s best response to liquidate fraction β∗(λ(θ)) is an interior

solution 8, up to a maximum amount of cash in the market (1− λ(θ)− λpanic(θ))c, and a

maximum value of expected returns E[A|fL].

Investors’ behavior

The investors which are not hit by a liquidity shock decide whether to sell or not based

on their expected payoffs. If they expect that waiting yields a higher payoff compared to

selling equity at current market price, then they will not sell.The bank best responds to

the decision of equity holders. If the fundamentals are good enough, and so θ > θH + ε,

the incentive compatibility constraint of equity holders to wait until t = 3 is always met,

and the shares trade at fundamental price. The number of equity holders not hit by a

liquidity shock that sell in equilibrium is λpanic(θ) = 0.

If the fundamentals are bad enough, and so θ < θL−ε, equity holders will sell regardless

of the beliefs about the behavior of other equity holders, because conversion is imminent

and returns will be very low. Thus, in this region the fraction of late investors who sell is

λpanic(θ) = 1− λ(θ). The three regions are summarised in Figure 2.4.

We build further on the methodology of Goldstein and Pauzner (2005) and we stay

close to their notation.

8defined as 0 < β∗(λpanic(θ)) < 1 0 < λ∗panic(θ) < 1− λ(θ)
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In the intermediate region of fundamentals θL − ε < θ < θH + ε, the expected payoffs

for each share are summarised in Table 2.2,where β∗, β∗conv are the bank’s best response

functions derived earlier.

Table 2.2: Investors’ waiting versus selling payoffs

Sell in t = 2 t = 3

λpanic(θ) < λ∗panic(θ) Pm(λ(θ), λpanic(θ)) d2 = (1− β∗)E[A|fL] + β∗l − C −D

λpanic(θ) > λ∗panic(θ) Pm(λ(θ), λpanic(θ)) d3 = (1−β∗conv)E[A|fL]+β∗convl−D
1+ψC

Following Goldstein and Pauzner (2005), we denote by v(λpanic(θ)) : (0, 1−λ(θ))→ R

the function that captures the value of waiting until t = 3 minus value of selling at t = 2

for equity holders:

v(λpanic(θ)) =

 d2(β∗)− Pm
1 (λpanic(θ)) if λpanic(θ) < λ∗panic(θ)

d3(β∗conv)− Pm
1 (λpanic(θ)) otherwise.

(2.13)

The proofs of unique equilibrium in Morris and Shin (1998); Goldstein and Pauzner

(2005) relate to how agents interact with each other. The decisions are global strategic

complementarities if the incentive to take a specific action is monotonically increasing

with the number of agents who take the same action (Goldstein and Pauzner, 2005). In

contrast, strategic substitutes are when the action incentives of an agent are monotonically

decreasing with the number of agents who take that decision.

Depending on the initial capital and CoCo design, there can be one, multiple or no

indifference points in investors’ value of waiting minus value of selling: v(λ(θ)) = 0. More

precisely, if it is always better to wait, so v(λpanic(θ)) > 0 ∀ λpanic(θ) ∈ [0, 1−λ(θ)], then in

equilibrium λpanic(θ) = 0, as all late investors prefer to wait. Multiple equilibria arise if ∃

at least λ11(θ), λ12(θ) ∈ [0, 1−λ(θ)], λ11(θ) 6= λ12(θ) such that v(λ11(θ)) = v(λ12(θ)) = 0.

We guarantee a unique equilibrium if ∃∗λpanic(θ) ∈ (0, 1− λ(θ)) s.t. v(λpanic(θ)) = 0. We

further assume a capital structure that allows for a unique equilibrium. Our model does

not allow for closed form solutions, but we are able to provide numerical solutions or

confidence intervals which have only a single crossing.



2.2 Baseline model and equilibrium analysis 31

Table 2.3: Indifference points between waiting and selling for investors

λ2(θ)− λ∗panic(θ) ≥ 0 λ2(θ)− λ∗panic(θ) < 0

λ1(θ)− λ∗panic(θ) ≥ 0 Single crossing after conversion No crossing

λ1(θ)− λ∗panic(θ) < 0 Double crossing Single crossing before conversion

Lemma 2.1. For dilutive CoCos ψ > ψ̄, the necessary and sufficient condition for late

investor decisions to be strategic complementarities is that v(λpanic(θ)) is piece-wise

monotonically decreasing on the intervals (0, λ∗panic(θ)) and [λ∗panic(θ), 1− λ(θ))

Condition under lemma 2.1 is achieved as long as the fraction 1 − τL of expected

returns on long term assets is larger than the liquidation value: l < E1[A|fL](1− τ).

We further proceed to derive the unique equilibrium threshold θ∗ above which all

agents with a signal θi > θ∗ decide to wait for payoff payments at t = 2 and sell if θi < θ∗.

Following the uniqueness proof of Goldstein and Pauzner (2005), a unique θ∗ exists if

v(λpanic(θ)) crosses zero only once. Due to the discontinuity of v(λpanic(θ)) point λ∗(θ),

we cannot apply one-to-one their methodology, and we state additional restrictions on the

capital structure of the bank to guarantee uniqueness. As a consequence, we can argue

that under specific initial capital structures the model can have multiplicity of fire sales

of equity equilibria, or none.

Figure 2.5 displays the four possible cases of single crossing: before (I), or after con-

version (II), which further depend on whether dilution offsets gains of conversion (I.1 and

II.1) or not(I.2 and II.2). Yet again, the relationship will be uniquely determined by the

parameters of the initial capital structure, and how the conversion rate of ψ compares

to the “neutral conversion” ψ̄ from Chan and van Wijnbergen (2017). At this stage it is

worth noting that for the single crossing the dilutive power of CoCos does not matter.

Intuitively, in cases I.1 and I.2 from figure 2.5, even under the most optimistic scenario

(I.2) the dilution gains cannot offset the losses from the decrease in current market price.

Additionally, if the single crossing happens after conversion, then the dilution vs. con-

version gains will only swift λ2(θ): in II.1 the indifference point will be achieved for a

lower λpanic than under II.2. Hence we do not distinguish further between I.1 ∧ I.2 and

II.1 ∧ II.2 as we argue that it does not bring any additional economic insight.
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Figure 2.5: Single crossing cases
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Let λ1(θ) be the solution of: d2(θ) − Pm = 0 and λ2(θ) the value which solves:

d3(θ) − Pm = 0. In other words, λ1(θ), λ2(θ) are the threshold values at which equity

holders are indifferent between selling or waiting before, or after conversion respectively.

Proposition 2.3. The necessary and sufficient conditions for the existence of a unique

point at which equity holders are indifferent between waiting until t = 2 or selling their

equity are:
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(i) before conversion –  0 < λ1(θ) ≤ λ∗panic(θ)

0 < λ2(θ) < λ∗panic(θ)

(ii) after conversion –  λ1(θ) > λ∗panic(θ)

λ2(θ) ≥ λ∗panic(θ)

Intuitively, these conditions capture a simultaneity issue: the indifference condition

v(λpanic(θ)) = 0 has to co-exist in the same variable space as the bank’s best response.

We construct a proof by contradiction in the Appendix.

Lower and upper dominance regions

Outside the intermediate region, there is a range of extremely good or extremely bad

fundamentals, where the behavior of equity holders is independent on the others decision.

We guarantee that the lower dominance region is nonempty if θL > 2ε. The lower

bound for θL is established if even for the lowest possible returns today, the equity holder

is not willing to wait for payoffs: Pm(θL) ≥ d2(θL). The lowest possible market price is

obtained if all equity holders sell: λpanic(θ) = 1− λ(θ). A complete proof can be found in

the Appendix.

The condition for a non-empty lower dominance region is implicitly defined from the

following inequality, which can be trivially solved for any monotonically increasing func-

tional form of FRL(.):

F (θL − ε)− F (θL + ε) = D > 0 (2.14)

Let θU ≤ θH be the upper bound of fundamentals, above which the expected utility of

waiting for residual payments is always at least as large as the expected utility of selling
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equity at t = 1, regardless of how many shares are traded in the market. This condition

is trivially satisfied, due to our earlier assumption that for θ > θH + ε shares trade at

fundamental value, independent on how many shares are sold. In the upper dominance

region RWA(θ|fL) ≥ RWA(θH |fL) > τH fundamentals are strong enough that the bank

will be able to pay back the debt without further asset substitution or conversion and the

equity holders will make a positive profit at t = 3.

Corollary 2.2. A late investor always sells if she observes a signal θi ≤ θL − ε. A late

investor never sells if she observes a signal θi ≥ θU + ε.

When θ < θL − 2ε, all agents are guaranteed to obtain a signal θi < θL − ε, and thus

all equity holders sell their shares at t = 2: λ∗(θ) = 1− λ(θ), independent on the actions

of others. Symmetrically, for θ > θH + 2ε, all agents obtain a signal θi > θH + ε and thus

no equity holder sells at t = 2.

The distribution of ε is uniform over [0, 1] and in the interval [θL− 2ε, θL] the fraction

of equity holders which observe signals below θL − ε decreases linearly at a rate of 1
2ε

9 -

see Figure 2.6. Similarly, in the region [θU , θU + 2ε], the proportion of agents who receive

signals θi > θU + ε increases at rate 1
2ε

.Figure 2.6 follows the same format of Goldstein

and Pauzner (2005). The solid line represents the upper bound from the upper dominance

region: the maximum number of equity holders that sell. The dotted line denotes the

lower bound of equity holders which sell. On the intervals [0, θL− 2ε] and [θU + 2ε, 1], the

segments fully overlap.

Unique equilibrium

Theorem 2.1. Under single crossing conditions for v(λpanic(θ)) = 0, there is a unique

equilibrium θ∗ below which a late investor with signal θi < θ∗ sells all her shares at t = 2,

and otherwise waits for residual payments at t = 3.

A sketch of the proof based on Goldstein and Pauzner (2005) is presented in the Ap-

pendix. Their proof uses the continuity property of v(λpanic(θ)), which does not generally

hold in our case. We can prove that the unique equilibrium exists if v(λpanic(θ)) = 0 only

once.

9Which is derived from the corresponding probability density function.
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Figure 2.6: Proportion of equity holders that sell

The equilibrium value θ∗ is defined such that an equity holder with signal θ∗ is indif-

ferent between selling at t = 2 or waiting for dividend payments over all possible values

of λpanic(θ
∗). The threshold θ∗ is implicitly defined from:

∫ λ∗(θ∗)

0

(d2(θ∗)− Pm(λpanic(θ
∗))dλpanic +

∫ 1−λ(θ)

λ∗1(θ∗)

(d3(θ∗)− Pm(λpanic(θ
∗)))dλpanic = 0

(2.15)

Corollary 2.3. The proportion of total equity holders that sell, as a function of funda-

mentals is given by:

n(θ, θ∗) =


1 θ < θ∗ − ε

λ(θ) + (1− λ(θ)) θ
∗−θ+ε

2ε
θ∗ − ε ≤ θ ≤ θ∗ + ε

λ(θ) θ > θ∗ + ε

(2.16)

Goldstein and Pauzner (2005) call the corresponding intermediate region from Figure

2.6: θ ∈ (θL− 2ε, θU + 2ε) as the panic based runs region. In our model this is the critical

region which leads to multiple inefficiencies.

In case of uniformly distributed errors, the proportion of equity which sell in equilib-

rium is depicted in Figure 2.7.
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Figure 2.7

if λpanic(θ) is high enough, the bank converts when in fact the book value of RWA > τ .

This conversion is inefficient for CoCo holders, and the effect is ambiguous for equity

holders. If dilution offsets the gains of conversion, then it has a negative effect for equity

holders. Otherwise, if λpanic(θ) < λ∗panic(θ) then it leads to inefficient asset substitution

which decreases overall payoffs, which is harmful for existing equity holders.

If CoCos are non-dilutive ψL < ψ̄L, then the decisions to sell of late investors are

strategic substitutes. In this case, the CoCos are not artificially triggered, as long as

shareholders cannot sort sell their equity. The possibility of re-purchasing, combined with

limited cash in the market pricing, CoCos with dilution ψL < ψ̄L are not a good loss ab-

sorption mechanism, as it creates incentives for shareholders to force CoCo conversion by

short-selling their equity. Note that an extreme case of non-dilution is given by principal

write-down CoCos.

Proposition 2.4. Under the assumption that equity holders cannot re-buy their shares

and CoCos are non-dilutive ψL < ψ̄L, the threshold equilibrium θ∗nd below which all equity

holders sell is θ∗nd = θL − ε. The number of equity holders who sell as a function of
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fundamentals is:

nnd(θ, θ
∗) =


1 θ ≤ θ∗ − ε
θ∗−θ+ε

2ε
θ∗ − ε < θ < θ∗ + ε

0 θ > θ∗ + ε

(2.17)

2.3 Two CoCo buffers model and analysis

2.3.1 Model extension

In this case, the bank has two CoCo buffers compared to the baseline model - see

timeline with changes in red compared to the baseline in Figure 2.4. The bank raises a

total amount of outstanding CoCo debt CH , with a trigger level τH , and a conversion ratio

ψH , and CL CoCo debt, with trigger level τL, and ratio ψL. By construction, τH > τL. In

this case, total equity amounts to e0 = A−D − CH − CL.

Table 2.4: Initial balance sheet two CoCo buffers model

Assets Liabilities

A - initial investment D -senior debt
CH - high trigger CoCo
CL - low trigger CoCo
e0 - initial equity

The bank has to comply with the capital requirement in both time periods t = 1 and

t = 2. We assume that the shock to the expected asset returns is high enough such that

the RWA1 falls below the high CoCo trigger τH , but it is higher than the low trigger τL:

τL < RWA1 =
E1[A|τL]−D − CL − CH

σAE1[A|fL]
< τH

After the manager incorporates the shock, the bank has to decide between asset sub-

stitution or high CoCo conversion. The trade-off is between lower returns at t = 3 versus

possible fire sales of equity at t = 2. CoCo conversion signals to the market that returns

are lower than initially expected which subsequently influence the behaviour of equity

holders at t = 2. We denote by θH ∈ (0, 1) the corresponding values of fundamentals such
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that conditional on a high CoCo initial conversion, at t = 1 is:

RWA1(θH |fL) =
eb1

σA
∫ θ+ε
θ−ε AfRL(θ)θdθ

> τL

Figure 2.8: Timeline two CoCo buffers
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The bank manager decision at t = 1 is similar now to the one at t = 2. We summarise

the extended decision tree in Figure 2.9. The key difference compared to the baseline

model is that, depending on the high CoCo design features, the bank manager might

have incentives to prevent the high CoCo conversion via initial asset substitution.

Figure 2.9: Bank manager decision tree
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The market clearing price at t = 2 is determined in the same way as before, with the

difference that the maximum number of shares in the market changes now to:

nmax(θ) =


1 if no conversion

1 + ψHCH if high CoCo converts

1 + ψHCH + ψLCL if both CoCos convert

2.3.2 Equilibrium analysis

We solve for equilibrium using backward induction, but unlike the baseline model, now

the bank has to take an additional decision at t = 1 which is whether to convert the high

CoCo or do asset substitution instead - see Figure 2.9. Moreover, we further distinguish

between the case where the ratio is evaluated at market value, and the case when the

market capitalisation is book based, as it is done in practice.

Market based trigger

Decision at t = 2

In this case the capitalisation ratio RWA2 is evaluated in the market. The decision

of the bank manager and investors’ behaviour is identical with the baseline case.

In case the bank converted the high CoCo at t = 1, the bank’s best response liquidation

fraction changes compared to the benchmark case. Now, the indifference point between

conversion of the low trigger CoCo and asset liquidation is given by:

λ∗panic(θ) =
c(1− λ(θ)) + λ(θ)(G− 1)e0τLE[G|fL]

c− (G− 1)e0τLE[G|fL]
(2.18)

where G = E[A|fL]−CL−B
E[A|fL]−l − (E[A|fL]−B)(1+ψHCH)

(E[A|fL]−l)(1+ψHCH+ψLCL)
.

The proof can be found in the appendix.

We previously defined ψ̄L as the zero wealth transfer point between equity holders and

CoCo holders. The neutral conversion in this case incorporates the previous high CoCo

conversion.
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Corollary 2.4. The neutral conversion, with a zero wealth transfer between low trigger

CoCo holders to equity holders is

ψ̄L =
(β∗1 − β∗1,C)(E[A|fL]− l)− CL · (1 + ψHCH)

CL(1− β∗1)E[A|fL] + β∗1 l − CL −D
(2.19)

A derivation of the parameter can be found in the appendix. We compare how the

CoCo structure depends on optimal liquidation and conversion, and we find the following

intuitive results. More cash is available in the market leads to a lower optimal liquidation

fraction, as equity is traded closer to the fundamental value (
∂β∗1
∂c

< 0). The size of the

shock is inversely proportional with the optimal size of liquidation. The bank manager is

more likely to convert the CoCo debt faster if the trigger is higher.

Corollary 2.5. If θ < θH + ε and the long term risky asset faces a negative shock to

returns at t = 1, then the optimal fraction of asset substitution β∗1 at t = 2 depends in the

following way on the CoCo structure:

(i) If the high CoCo debt was highly dilutive for existing shareholders, then there is less

need for other forms of recapitalisation at a later stage (
∂β∗1
∂ψH

< 0)

(ii) The bank manager postpones conversion as the size of expected dilution increases

(
∂λ∗panic
∂ψL

> 0).

(iii) Wealth transfer and conversion

• If the low CoCo debt is non-dilutive for existing shareholders, then the bank manager

prefers conversion over asset liquidation, and this decision is increasing with the size

of CoCo debt CL (
∂λ∗panic
∂CL

< 0).

• If the CoCo debt is dilutive, then the bank postpones conversion, and opts for asset

substitution instead.

Investors’ behavior

In a similar manner with the baseline model, the investors decide between selling and

waiting. Compared to the first case, now the pay-off structure is different, which in turn

might change their decisions. The crucial difference is the increase in the number of shares
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after the first conversion, but the functions only change by a scalar, making the function

of waiting or selling shift by a scalar, and the solution method equivalent with the baseline

case. In this case, the value function that investors face, based on the payoffs in Table

2.5.

v(λpanic(θ)) =

 d2(β∗2)− Pm
2 (λpanic(θ)) if λpanic(θ) < λ∗panic(θ)

d3(β∗2,conv)− Pm
2 (λpanic(θ)) λpanic(θ) ≥ λ∗panic(θ)

(2.20)

Table 2.5: Investors’ waiting versus selling payoffs after first CoCo conversion

Sell in t = 2 t = 3

λpanic(θ) < λ∗panic(θ) Pm(λ(θ), λpanic(θ)) d2 =
(1−β∗2 )E[A|fL]+β∗2 l−C−D

1+ψHCH

λpanic(θ) > λ∗panic(θ) Pm(λ(θ), λpanic(θ)) d3 =
(1−β∗2,conv)E[A|fL]+β∗2,convl−D

1+ψHC+H+ψLCL

Based on this function specification, there is a unique θ∗, below which investors with

signal θi < θ∗ sell their equity, and otherwise wait for residual payments. This result is

formalised under Theorem 2.1. The threshold equilibrium θ∗ is determined implicitly by:

∫ λpanic(θ
∗)=λ∗(θ∗)

λpanic(θ∗)=0

(d1(θ∗)− Pm
2 (λpanic(θ

∗))dλpanic+ (2.21)

+

∫ 1−λ(θ)

λpanic(θ∗)=λ∗(θ∗)

(d2(θ∗)− Pm
2 (λpanic(θ

∗)))dλpanic = 0 (2.22)

Compared to the benchmark case, the threshold λ∗(θ) is either larger or smaller depending

on the conversion ratio ψH , and the size of CoCo debt CH .



42 Multiple buffer CoCos and their impact on financial stability

To summarise, in case of high CoCo conversion at t = 0, the equilibrium expected

dividend payments at t = 1 are given by:

d1(θ) =
E[A|fL]− CL −B

1 + ψHCH
if θ > θH + ε (2.23)

d2(θ) =
(1− β∗1)E[A|fL] + β∗1 l − CL −B

1 + ψHCH
if θH + ε > θ > θ∗ (2.24)

d3(θ) =
(1− β∗1,conv)E[A|fL] + β∗1,convl −B

1 + ψHCH + ψLCL
if θ∗ > θ > θL − ε (2.25)

d4(θ) = 0 if θ < θL − ε (2.26)

Decision at t = 2 in case of initial asset substitution

Insofar we treated the case where the high trigger CoCo has been converted at t = 1,

which signaled to the market bad asset quality, which in turn led to inefficient conver-

sion. In case of initial asset substitution at t = 1, now there are two CoCos which can

convert. We assume that unlike CoCo conversion, asset substitution is not perceived as

such as a strong signal by the market. This is in line with the industry observation of

the coupon payment interruption on CoCo debt by Deutsche bank in 2016, which led to

strong negative market reactions.

There will be no panic based agents who intend to sell, and so λpanic(θ) = 0. This sim-

plifying assumption does not chance the key results, but rather provides a more intuitive

perspective on the trade-off between asset substitution and conversion. Nonetheless, this

asset substitution is in place before the market and the bank has any signal regarding the

state of fundamentals.

Corollary 2.6. Regardless of the state of fundamentals, there is never a need for CoCo

conversion or further asset substitution at t = 1 if the bank manager liquidates at t = 0 a

minimum of:

β∗1 =
CH + CL +D − δ(1− τH)

l − δ(1− τH)
(2.27)

where δ is an infinitesimally positive value, close to 0.
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In the case where the bank tries to self-insure against conversion, by the large asset

substitution towards safe assets described in Corollary 2.6, then the dividend payments

are lower in expectation compared to an initial conversion of the high trigger CoCo.

Bank manager decision at t = 1

Once the shock to asset returns is observed by the bank manager, they will have

to report the value of risk weighted assets and the risk weighted capital requirement.

The trade-off that he faces is between reporting truthfully, which leads to immediate

conversion of the high CoCo RWA1 < τH , or engaging in asset substitution which will

lead to a higher RWA ratio, due to the decrease in the riskiness of asset portfolio.

The bank manager must liquidate a minimum fraction of β1, described by:

β1 =
E[A|fL](1− τH)− CL −D − CH

E[A|fL](1− τH)− l

such that the risk based capital ratio is above τH :

RWA1 =
(1− β2)E[A|fL] + β1l − CL − CH −D

(1− β0))E[A|fL]
> τH

This insures that at t = 2 only fraction λ(θ) of investors sell and there are no panicked

agents in the market: λpanic(θ) = 0. For this value of β1, the value of fundamentals at

t = 2 can lead to further CoCo conversion but shares will still be traded at fundamental

value.

To further restrict the case space at t = 2 we assume a liquidation of β∗1 , as described

in Corollary 2.610.

In case of initial asset substitution, expected dividends at t = 3 are:

d4(θ) = (1− β∗1)E[A|fL] + β∗1 l − CL − CH −D ∀ θ ∈ (0, 1] (2.28)

10For completeness we should re-derive the cases for conversion RWA1 > τH ; τL < RWA1 <
τH ; RWA1 < τL and calculate dividend payments. Nonetheless, the key intuition and results for this
paper will not change, so we abstract from this matter and keep it in a simpler format.
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At t = 1, the overall expected dividend payments in case of conversion is:

econv
1 =

∫ 1

θH+ε

Pr(θ > θH + ε)d0(θ)dθ +

∫ θH+ε

θ∗
Pr(θ∗ < θ < θH + ε)d1(θ)dθ+∫ θ∗

θL−ε
Pr(θL − ε < θ < θ∗)d2(θ)dθ +

∫ θL−ε

0

Pr(θ < θL − ε)d3(θ)dθ

and in case of asset substitution:

esubst
1 =

∫ θ=1

θ=0

d4(θ)dθ

The manager prefers conversion if econv
0 > esubst

0 . This time, the trade-off is driven

by the functional form of expected returns, and the distance between θ∗ and θH , θL.

The most efficient conversion space from an optimal bail-in perspective is achieved for

λpanic(θ) = 0, thus if θ∗ = θL − ε. For a distribution of returns with fat tails, conversion

dominates initial asset substitution, due to the limited liability property of the bank. In

contrast, for a uniform distribution of returns, we find that the driver of results is θ∗: a

lower value of θ∗ leads to an increasing value of econv
0 .

2.3.3 Book value trigger

The equity holders behavior crucially depends on the type of conversion, as shown in

the market case. Nonetheless, the market price behavior is not reflected in the book value

CET ratio. Under equal issuance costs, if the bank tries to protect existent equity holders

it should issue non-dilutive CoCos.

Although all CoCos issued so far are book-value based, there is very little research on

book value RWA ratio. Glasserman and Nouri (2012) and Derksen et al. (2018) develop

a valuation model for CoCos, when the RWA ratio is book based. Due to the lack of

existing stylized equations in discrete time of what constitutes the book value of equity,

for the scope of this paper we inspire from current regulation. The International Financial

Reporting Standard (IFRS) makes a distinction between occurred and expected credit

loss. The regulation which was in place until 1st of January 2018 states that only occurred

losses should be incorporated in the balance sheets of banks. Nonetheless, under the new
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IFRS 9 rules with effect from 2018 firms have to incorporate expected credit loss in their

balances (IFRS 9, 2014). More precisely, they have to change the accounting value if “the

credit risk increases significantly and the resulting credit quality is not considered to be

low credit risk” (IFRS 9, 2014). For brevity and consistency with the earlier section, we

further incorporate the expected credit loss as expected lower returns in the book value

of equity.

Based on existing practice, we define the book value of equity as the (discounted)

expected value of long term assets minus liabilities.

Occurred credit loss

In this case, RWA1 = RWA2 = E[A|fL]−D−CL−CH
σAE[A|fL]

, as the bank does not readjust

its expectations regarding the returns of long term risky assets. Even though the bank

can observe a negative idiosyncratic shock to asset distribution fRL and/or bad state of

fundamentals, the expected losses in long term returns have not yet incurred and thus not

accounted for in the book value. In these circumstances, bad fundamentals will not reflect

in the accounting value, and so the CoCos will never be converted before low returns are

incurred at t = 3.

In this case, the risk associated with CoCos is much lower than the one priced for, as

only in case of bankruptcy E[A|fL] < D +CL +CH the CoCo holders will not recover at

least part of their investment.

Expected credit loss

We incorporate the expected credit loss by defining the book value as expected returns

on assets minus liabilities. At t = 1, the bank manager incorporates the new expected

returns in the capital ratio.

In case of an idiosyncratic shock to the asset distribution, the new book value is:

RWA1 = 1 − CH+CL+D∫ 1
0 AθfL(θ)dθ

< τH . High CoCos are converted. At t = 2 the bank manager

with signal θB readjusts the RWA value to: RWA2(θB) = 1− CH+CL+D∫ θB+ε

θB−ε
AθfL(θ)dθ

. Note that in

the market case the ratio was evaluated at θ which was the market average, but here only

θB matters in evaluation. Any fluctuation in Pm
2 (λ(θ), λpanic(θ)) will not change the RWA

ratio, as it is book based, so investor behavior does not change the manager’s response.
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The bank’s manager optimization problem at t = 2 is to maximise share value while

maintaining the RWA ratio above τL:

max
β2,1conv

eb2
nmax

=
(1− 1convβ1)E2[A|fL ∧ θB] + 1convβ2l − 1convCL −D

nmax
s.t. (2.29)

RWA2(θ) =
eb2

(1− 1convβ2)E2[A|fL ∧ θB]
≥ τL (2.30)

Corollary 2.7. The bank’s best response is independent on the number of equity holders

which sell, and is given by an optimal liquidation fraction β∗2,BV
11, if the risk based ratio

is below τL RWA1 < τL.

In the intermediate region: θL − ε < θ < θH + ε the value of waiting minus selling for

an investor not hit by liquidity shock is:

v(λpanic(θ)) =
[E[A|fL]−D − CL

nmax
− Pm

1 (λpanic(θ))e0

]
(2.31)

Lemma 2.2. The decision of equity holders are global strategic substitutes regardless of

the type of conversion, as the value of waiting always increases with the share of panicked

investors (
∂v(λpanic(θ))

∂λpanic
> 0).

As a consequence, equity holders have no incentive to sell at the intermediate stage,

so λpanic(θ) = 0 ∀θ ∈ (θL + ε, θH − ε).

Proposition 2.5. In case of a book value trigger, the threshold equilibrium θ∗BV below

which all equity holders sell is θ∗BV = θL − ε. The number of equity holders who sell as a

function of fundamentals reported by the bank is:

nBV (θB, θ
∗) =


1 θB ≤ θ∗ − ε
θ∗−θB+ε

2ε
θ∗ − ε < θB < θ∗ + ε

0 θB > θ∗ + ε

(2.32)

Now the fundamental value of equity, and thus the RWA ratio relies heavily on θB,

the bank’s signal. If this is significantly different than the true θ, then CoCos are not a

11β∗1,BV = min
(

(D−E[A|fL∧θB ](1−τL)
l−E[A|fL∧θB ](1−τL) )+, 1

)
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successful bail-in mechanism. A CoCo conversion provides a negative signal to market

participants and depositors about the asset quality of the bank. Banks have incentives

to avoid this stage, and thus they might overstate θB. It is not incentive compatible for

the bank to state their true observed value of the fundamentals. An advantage of this

structure is limited market volatility due to lack of excessive trading, as compared to the

market based case.

2.4 Discussion and Conclusion

2.4.1 CoCo structure comparison

Figure 2.10: Book value conversion space
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To summarise, in case of a book based trigger with occurred credit losses, the conver-

sion space is given in 2.10. In contrast, the conversion space when both CoCos convert

increases when CoCos are dilutive and the trigger is based on market indicators - as

depicted in Figure 2.11.

We further draw a comparison between the four types of CoCos we analysed: market

based trigger- dilutive or non-dilutive; occurred losses book value and expected losses

book value, conditional on the high trigger CoCo conversion at t = 1. Throughout the

paper we assume deposit insurance, and going concern situations, hence when the bank

is still solvent. Thus, it is guaranteed that depositors and senior debt will be repayed.

Hence, only CoCo and equity holders are affected on the bank’s side. From a policy

perspective, we are concerned with the bail-in capacity of CoCos.
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Figure 2.11: Market value conversion space
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Table 2.6: Comparison CoCo design

Market based trigger CoCo Book based trigger CoCo

Dilutive for existing
shareholders

Non-dilutive for
shareholders

Expected
credit loss

Occurred
credit loss

Inefficient
conversion

Yes No Depends Yes

Relies heavily on
bank’s valuation

No No Yes Yes

Shareholder strategic
behaviour

Strategic
complements

Strategic
substitutes

No No

Initial capital structure
matters for outcome

Yes Yes No No

As long as equity holders cannot re-buy their shares, and the wealth transfer benefits

shareholders ψL < ψ̄L, market based triggers are an effective bail-in mechanism, in the

sense that they are converted when the bank needs them the most. In this case, the

investors decisions are strategic substitutes. Nevertheless, this is under the unrealistic

assumption that equity cannot re-buy their shares. The same effect can be reached with

book value triggers which account for expected losses, as long as the bank correctly

assesses the value of its assets. Moreover, this case can bring more flexibility in issuance,

as both conversion to equity and principal write-down would reach the same effect from a
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loss absorption perspective. The wealth effect is ambiguous for equity and CoCo holders,

and depends on the dilutive properties of CoCos.

In matter of effectiveness, the conversion to equity market trigger CoCos are second

to last. We show that they have the highest range of inefficient conversion and early liqui-

dation of long term risky assets, which is dependent on the initial bank capital structure.

The CoCo holders have a higher probability of loss due to the strategic complementarities

decision of equity holders. Existent shareholders can benefit if face value of conversion

offsets its dilutive effects.

The least effective loss absorption mechanism is the book value occurred losses trigger,

as it does not have the capacity to absorb losses ex-ante. It is the most beneficial type of

CoCos for both equity holders and CoCo holders, as they do not incur losses before the

realization of returns or insolvency. An example to support this claim is the write-down

of Banco Popular’s CoCos in 2017, which was imposed by the regulator once the bank was

already insolvent. One can argue that if the conversion would have taken place earlier,

the bank could have maintained solvency.

2.4.2 Conclusion

The Swiss government is the first to introduce more stringent capital requirements

for systemically important banks, and this is reflected through a mandatory quota on

high trigger AT1 CoCos (Swiss Financial Market Supervisory Authority, 2015). In this

context, this paper focuses on the signalling function of CoCos on the financial state of the

issuing ank, and analyses the effects of multiple trigger CoCos on market participants and

loss absorption capacities. The most obvious advantage of this structure is the creation

of multiple bail-in buffers in case of distress. In contrast, once a conversion is observed, it

will subsequently create tensions in the market. An example in that sense is the high share

price volatility of Deutsche Bank in 2016, after it was speculated that it cannot meet its

CoCo coupons payments. In this paper we argue that there is a trade-off between increased

bank resilience and possible fire sales of equity. This damage on a banks’ financial stability

is a potential unintended consequence of CoCo regulation.
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Insofar, CoCo research focused on depositor bank runs, but we argue that equity holder

behaviour can influence conversion or asset substitution as well. We develop a model

combines cash-in-the-market pricing of equity, noisy market signals about fundamentals,

and an idiosyncratic asset shock observed initially only by the bank. We assume a fixed

capital structure, and postulate that the bank‘s aim is to maximise individual value of

shares, while meeting the risk based capital regulatory requirements. We evaluate possible

CoCo structures, and employ a backward induction equilibrium concept. We solve for the

minimum number of equity sellers needed for automatic conversion, and for the unique

threshold equilibrium of fundamentals below which shareholders decide to sell. To do so,

we draw from the bank run methodology of Goldstein and Pauzner (2005), and modify it

to account for the special discontinuity feature created by conversion.

We find that the initial capital structure matters for the scope of inefficient conversions

in the market based case triggers. From a social planner perspective, we conclude that

market triggers are the least effective. If conversion benefits shareholders, they would have

incentives to force inefficient conversion. The dilutive CoCos case (ψL > ψ̄L) could lead

to ‘panic-based’ conversions. In contrast, for the book value case, the role of shareholders

is limited, and CoCos can act as an effective bail-in mechanism if the bank assesses accu-

rately the asset value and incorporates expected losses in their evaluation. Due to possible

underpricing of equity in times of distress or very early inefficient asset substitution, we

conclude that the bank has an ex-ante incentive not to issue market based CoCos.

We use the high trigger CoCo conversion as a signalling mechanism, but we argue

that similar conclusions are achieved with other types of strong market signals that alert

the market on the bank’s solvency. For that we refer to the benchmark model. The

example has a high degree of generality, and the comparison between the four types of

CoCos would still be the same regardless of the type of shock which alerts the market on

expected low bank returns. More generally, we provide a formal argument against market

based triggers.

Throughout the paper we assume the bank capital structure as fixed, consider simpli-

fied types of CoCos and impose additional restrictions for uniqueness of equilibrium. A

major point for further research is to determine the optimal capital structure which will

minimise the scope of market inefficiencies, and implicitly maximise the capacity of CoCos
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to act as effective loss absorbing buffers. We talk throughout the paper about low and

high triggers, which in practice are very close to each other (5.125% and 7% ratio). We

aim to further provide a simulation of the model and find a minimum distance between

the two triggers that would resolve, or diminish, the panic-runs discussed in this paper.

Moreover, there is a current debate on the pricing equilibrium of equity, as conversion cre-

ates a simultaneity issue which can lead to multiple equilibria. In this paper we simplify

the pricing issue through cash in the market pricing and fixed conversion rates, but there

is scope for a continuous time analysis in this framework which endogenizes the market

price and issuance costs even further.
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Appendix A

Proofs of lemmas and propositions

A.1 Proof of Proposition 2.1

It can trivially be seen that the value of equity is decreasing in liquidation value β.

Thus, the max problem is obtained for binding constraint in (2.7):

Pm(λ(θ), λpanic(θ)) · nmax
(1− β)Et=1[A|fL]

= τL ⇐⇒

[1−λ(θ)−λpanic(θ)]c
[λ(θ)+λpanic(θ)]e0·nmax · nmax

(1− β)Et=1[A|fL]
= τL ⇐⇒

β∗(λ(θ), λ(θ1)) = 1− [1− λ(θ)− λpanic(θ)] c
τL[λ(θ) + λpanic(θ)]e0E1[A|fL]

From the bank manager perspective, the indifference point between conversion and

liquidation is at:

(1− β∗)E1[A|fL] + β∗l − CL −D
1 + ψHCH

=
E1[A|fL]−D

1 + ψHCH + ψLCL

Plugging in β∗(λ(θ), λ(θ1)) and solving for λpanic(θ) immediately yields the threshold

λ∗panic(θ) from proposition 2.1.
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A.2 Derivation of Corollary 2.4

The neutral conversion, with a zero wealth transfer between equity holders and CoCo

holders is given at the point where the share value in case of conversion is the same as

under optimal liquidation:

(1− β∗C)E1[A|fL] + β∗C l −D
1 + ψHCH + ψLCL

=
(1− β∗)E1[A|fL] + β∗l − CL −D

1 + ψHCH

Rewriting the function in terms of ψL yields the result from the corollary.

A.3 Solution of Proposition 2.2

The condition for an interior solution is given by the following system of equations:

0 <
(1−λ(θ)−λpanic(θ)c

(λ(θ)+λpanic(θ)e0τLE1[A|fL]
< 1

0 < λpanic(θ) < 1− λ(θ)

(A.1)

This system of inequalities, alongside with economic sensible assumptions, such as E1[A|fL] >

0 and 0 < τL < 1 is solved for:

(
e0 > 0 ∧ E1[A|fL] > 0 ∧ 0 < λpanic(θ) < 1− λ(θ) ∧ 0 < c <

e0E1[A|fL]τL(λ(θ) + λpanic(θ))

1− λ(θ)− λ1(θ)

)

Note that e0+c = W from the initial portfolio allocation. Thus, the maximum amount

of cash in the market, as a function of expected returns is given by:

c =
E1[A|fL]τLW (λ(θ) + λ1(θ))

1− λ(θ)− λpanic(θ) + (λ(θ) + λ1(θ))Et=1[A|fL]τL
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Alternatively, we can write the solution to the system as:

0 < E1[A|fL] ≤ (1− λ(θ))c

λ(θ)τL(W − c)
∧ cλ(θ)− cλ(θ)E1[I|RL]τL − c+ λ(θ)E1[A|fL]τLW

cE1[A|fL]τL − cE1[A|fL]τW

< λ1 < 1− λ ∨

E1[A|fL] >
cλ− c

cλτL − λτLW
∧ 0 < λ1 < 1− λ

A.4 Existence conditions for Lemma 2.1

By inserting β∗, β∗C and Pm in the value of waiting versus selling function, we re-written

as:

v(λpanic(θ)) =

 −
c(D− 1

λ+λ1
−l+1)+W (r−D)

c−W − c(λ+λ1−1)(l−R)
e0RτL(λ+λ1)

+CL

CHψH+1
if λpanic(θ) < λ∗panic(θ)

−
D−l

(
c(λ+λ1−1)
e0RτL(λ+λ1)

+1
)

+
c(λ+λ1−1)
e0τL(λ+λ1)

+
c(λ+λ1−1)

(λ+λ1)(c−W )

CHψH+CLψL+1
λpanic(θ) ≥ λ∗panic(θ)

Which further simplify in:

v(λpanic(θ)) =


c(D− 1

λ+λ1
+1−l)+W (r−D)

e0
+
c(1−λ−λ1)(l−R)
e0RτL(λ+λ1)

−CL
1+CHψH

if λpanic(θ) < λ∗panic(θ)
lc(1−λ−λpanic)

(λ+λpanic)e0E2[A|fL]τL

−D+l

1+CHψH+CLψL
λpanic(θ) ≥ λ∗panic(θ)

To evaluate the condition for monotonically decreasing piecewise function, we take the

partial derivatives in respect to λpanic(θ), and obtain:

∂v(λpanic(θ))

∂λpanic
=


c

1

(λ+λpanic)2e0−
(E0[A]−l)τL(λ+λ1)

e0E0[A]τL(λ+λpanic)2

1+CHψH
if λpanic(θ) < λ∗panic(θ)

c

1

(λ+λpanic)2e0−
(E0[A]−l)τL(λ+λ1)

e0E0[A]τL(λ+λ1)
2

1+CHψH+CLψL
λpanic(θ) ≥ λ∗panic(θ)

The derivatives have to be negative on both intervals, which simplifies on the entire

domain to the following condition:
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1

(λ+ λ1) 2e0

− (E0[A]− l)τL (λ+ λ1)

e0E1[A|fL]τL (λ+ λ1) 2
< 0 ⇐⇒

1− (E1[A|fL]− l)(λpanic + λ)

E0[A|fL]
< 0 ⇐⇒

E1[A|fL] <
l(λpanic + λ)

1 + λpanic + λ

Note that the restriction for strategic complementarities depends on very few parameters:

expected value of returns, liquidation value of total assets, and equity sold in the market.

A.5 Condition for non-empty lower dominance re-

gion - section 3

Under the worst circumstances, all equity holders sell. Thus,the indifference condition

between waiting for dividend payments or selling is:

∫ θL+ε

θL−ε
θdFRL(θ)−D

1 + ψHCH + ψLCL
=

[1− λ(θ)− λpanic(θ)]c
(λ(θ) + λpanic(θ)e0(1 + ψHCH + ψLCL)

In the worst case, λ(θ) + λpanic(θ) = 1. The integral on the left hand side is a standard

Riemann-Stieltjes integral,. Thus we can evaluate it as:

F (θL − ε)− F (θL + ε)−D = 0 ⇐⇒

F (θL − ε)− F (θL + ε) = D

Given that the senior debt D > 0, the region is trivially non-empty.

A.6 Proof of Theorem 2.1

Here we briefly reconstruct the two part proof of uniqueness of equilibrium from Gold-

stein and Pauzner (2005), which uses the single crossing condition. The conditions and

the proof follows largely the same structure, except for the discontinuity point between
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the value of waiting versus selling at the CoCo conversion trigger. Further we modify the

proof presented in Goldstein and Pauzner (2005) pp 1311 to allow for this discontinuity.

Please see the complete 3 part proof with the adjoint lemma’s in Goldstein and Pauzner

(2005) pp 1311-1314

Part I. If there is an equilibrium, then it is a threshold equilibrium.

Strategy profiles

Let n(θ, θ′) be a function that denotes the proportion of agents who sell their equity

at signals below θ′, and wait for payoffs at t = 2 otherwise when the true state of nature

is θ

n(θ, θ′) =


1 θ > θ∗ + 2ε

1
2

+ θ
2ε

θ∗ − ε ≤ θ ≤ θ∗ + ε

0 θ < θ∗ − 2ε

Let ∆(θi, ñ(n)) be the utility differential from waiting for payoffs at t = 2 or selling

in t = 1, when an equity holders observes signal θi and holds beliefs ñ. The posterior

distribution of θ is Unif [θi−ε, θi+ε]. By treating ñ as a number, we can write the utility

differential as:

∆(θi, n(θ)) =
1

2ε

∫ θi+ε

θi−ε
v(n(θ))dθ

where

Fθ(n) = prob[ñ(θ) ≤ n]

This utility differential is the average of the value of waiting over the uncertainty range

[θi − ε, θi + ε]. ∆(θi, n()) is always negative in the lower dominance region θ′ < θL − ε,

and always non-negative in the upper dominance region θ′ > θU + ε. θ′ is an equilibrium

is any value below θ′ gives a negative utility differential, and any value above gives a

larger utility differential than the indifference point. Note that unlike global strategic

complementarities, the utility differential after the single crossing does not necessarily

have to be positive.
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At a discontinuity point caused by conversion, the utility differential will be the sum

of the region before conversion, and the region after.

Lemma 1: (i) ∆(θi, n()) is piecewise continuous in θi for intervals (λ(θ), λ∗(θ))

and (λ∗(θ)), 1] where λ∗(θ) is the threshold at which the bank is indifferent between

converting and liquidating. (ii) Monotonic transformations make the function continuous

and nondecreasing. (iii) Function ∆(θi, n()) is strictly increasing is θi < θH + ε and

ñ(θ) < n∗(θ).

The solution concept is a Bayesian equilibrium, where an agent sells at t = 1 if

∆(θi, ñ()) < 0 and waits otherwise.

Part II. There exists a unique threshold equilibrium.

A threshold equilibrium at θ∗ is a unique equilibrium if conditional on all equity holders

using the same threshold θ∗, it is optimal for the agent to sell its shares if he observes a

signal θi < θ∗, and otherwise wait for residual payments at t = 2.

At this stage Goldstein and Pauzner (2005) show that there is exactly one threshold

equilibrium by continuity of ∆(θi, n()). We escape the lack of continuity in our model, by

imposing the additional conditions from Proposition 2.3, which ensure single crossing of

the utility differential. The proof of uniqueness follows the steps presented in Goldstein

and Pauzner (2005), and we redirect further the interested reader to pages 1313-1324.

A.7 Derivation of Corollary 2.6

There is never a conversion choice at t = 2 if and only if RWA1 > τH ∀θ ∈ (0, 1]. Let

δ be the admissible lower bound of expected returns on long term assets, with a direct

correspondence to θ, through
∫ θ+ε
θ−ε θfRL(θ)dθ = δ. The condition must hold even for the

worst case of fundamentals, thus also for δ. At θ, the condition reads:

(1− β0)δ + β0l − CL − CH −D
(1− β0)δ

> τH ⇐⇒

β0 >
CH + CL +D − δ(1− τH)

l − δ(1− τH)
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A.8 Proof of Proposition 2.3

We succinctly present a proof by contradiction which simultaneously shows part (i)

and (ii) of the proposition.

I. Let us assume that there is a unique λspanic(θ) ∈ (0, 1−λ(θ)) such that v(λspanic(θ)) =

0 if λ1(θ) < λ∗panic(θ) and λ2(θ) > λ∗panic. By definition, there are only two candidate

solutions for λspanic : {λ1, λ2}. Thus, the first condition insures that v(λ1(θ)) = 0 exists in

the admissible space, for any given θ:

(1− β∗)E1[A|fL] + β∗l − CL −D
1 + ψHCH

− [1− λ(θ)− λ1(θ)c]

[λ(θ) + λ1(θ)e(1 + ψHCH)
= 0

Similarly, the second condition reads that v(λ2(θ)) = 0 is well-defined for any given θ:

(1− β∗conv)E1[A|fL] + β∗convl −D
1 + ψHCH + ψLCL

− [1− λ(θ)− λ2(θ)c]

[λ(θ) + λ2(θ)e(1 + ψHCH + ψLCL)
= 0

Hence, there are two points λspanic(θ) ∈ (0, 1 − λ(θ)) such that v(λspanic(θ)) = 0, for a

given θ. But this contradicts our initial assumption that single crossing holds under the

above mentioned conditions. Thus, at least one of them cannot hold true.

II. Alternatively, let us assume that we have one uniqueλspanic(θ) if λ1(θ) > λ∗panic(θ)

and λ2(θ) < λ∗panic(θ). Both conditions guarantee that λ1(θ), λ2(θ) are not in the admiss-

able space where v(λpanic(θ) is defined. Thus, neither one of the candidate solutions is

viable, so λspanic(θ) = ∅. This result again contradicts our assumption. Hence at least one

of the two conditions does not hold.

Combining the results from I and II, we have only two possible admissible sets which

permit single crossing:

 λ1(θ) ≤ λ∗panic(θ)

λ2(θ) < λ∗panic(θ)
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or  λ1(θ) > λ∗panic(θ)

λ2(θ) ≥ λ∗panic(θ)

The first one gives the single crossing condition before conversion, and the second one

insures that the single crossing happens after conversion.



Chapter 3

Risk-Taking, Competition and

Uncertainty: Do CoCo Bonds

Increase the Risk Appetite of

Banks?
1

3.1 Introduction and related literature

The capital ratios of major banks were too low to withstand the great financial crisis,

forcing governments in many countries to bail-out banks. Contingent convertible bonds

(CoCo bonds), first suggested by Flannery (2002), seemed an attractive way to involve

creditors in a recapitalisation before the taxpayer funded bail-outs would have to come

in. These bonds convert into equity shares, or have their principal written-down, when

a certain trigger is hit. The focus of regulators was on the automatic recapitalisation

feature of Coco bonds; little thought was paid to the risk-taking incentives CoCos them-

selves would lead to, or how they should be designed to minimize that risk-taking effect.

European regulators permit banks to cover up to 25% of their minimum (risk-based)

1We are grateful for the early feedback and interest we received at a Bank of England internal seminar.



64
Risk-Taking, Competition and Uncertainty: Do CoCo Bonds Increase the Risk Appetite

of Banks?

capital requirements CoCo bonds.2 In this paper we show that CoCo bonds as they are

commonly structured can substantially increase risk-taking incentives and the more so the

less the original equity holders are diluted upon conversion/write-down. This works at

cross-purposes of the tighter recapitalisation requirements they were allowed to be used

for.

The structure of CoCo bonds is determined by three components: (i) trigger type - is

the trigger level evaluated at market or book-based indicators3; (ii) trigger level - the pre-

specified level of the trigger indicator, at which the conversion/write-down is triggered.

Under Basel III capital requirements the trigger level has to be specified as a ratio of Core

equity Tier 1 capital to risk weighted assets and has to be 5.125 % or higher for CoCos

to be admissible as Tier 1 (T1) capital; and (iii) type of conversion, which is the loss-

absorption mechanism and defines the CoCo bond transformation upon conversion. The

type of conversion is either principal write-down (PWD), where the entire/ part of CoCo

debt is erased (temporarily or permanently) from a bank’s balance sheet, or conversion

to equity (CE), where the bonds are converted into equity shares at a pre-specified price

which may or may not depend on market indicators.

Empirically, the debate on whether these securities have an impact on bank risk-

taking behavior, and to what extent this behavior is dependent on the conversion type

selected by issuing banks is still going on. If CoCo bonds distort risk-taking incentives,

then the benefits that they bring from a societal perspective might be out-weighted by

the costs associated with an increase in the risk profile of the banks issuing them. The

loss-absorbing mechanism of CoCo bonds induces wealth transfers between CoCo holders

and the existing shareholders, depending on the conversion price. This leads to potential

unintended impact on the risk-taking incentive of existing shareholders of the issuing

bank. A number of papers (Koziol and Lawrenz, 2012; Hilscher and Raviv, 2014; Berg

and Kaserer, 2015; Albul et al., 2015; Chen et al., 2017; Chan and van Wijnbergen, 2017;

2But they need to meet certain conditions; Article 52 of the European Capital Requirements Regula-
tion (CRR) states that, to qualify as AT1 capital, CoCo bonds have to be perpetual, have a predetermined
trigger not below 5.125% of Common Equity Tier 1 (CET1) capital, and have cancelable coupon pay-
ments at the full discretion of the issuer, where cancellation is not subject to any restriction on the
institution and cannot bring it into default. There are no requirements in terms of the conversion type.
Hence, banks can freely choose the loss absorption mechanism.

3All CoCo bonds issued to this date trigger at book-based indicators.
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Fatouh and McCunn, 2019) have focused on the impact of CoCo bonds on risk-taking but

with mixed, incomplete and sometimes contradictory results. The empirical literature has

not yet addressed the impact of the degree and sign of dilution of existing shareholders

implied by the conversion parameters on risk-taking, a key focal point of our paper.

Hilscher and Raviv (2014), Song and Yang (2016) and Chan and van Wijnbergen (2017)

argue that CoCo bonds that dilute the wealth of current shareholders upon conversion

reduce risk-taking incentives.4 They point out that therefore the risk-shifting problem can

be addressed through a proper design of CoCo bonds contracts: a low enough conversion

price would eliminate this problem. Somewhat contradictory, Basel III requirements and

their EU implementation (CRR) stipulate the presence of a minimum conversion price

rather than requiring a cap, setting a maximum price to guarantee sufficient dilution. 5

In the empirical literature so far, authors have assumed that accounting values are

to be used to determine the conversion price, or simply distinguished PWD CoCo bonds

and CE bonds without paying any attention to the heterogeneity within the second class

in terms of implied dilution. Nonetheless, theoretical papers classify CoCo bonds in

terms of their impact on risk-taking incentives based on dilution size, where they link

the conversion price to market values. The theoretical literature generally argues that

CoCo bonds increase risk-taking incentives if their loss-absorption mechanism implies a

wealth transfer from CoCo holders to the existing shareholders and reduce risk-taking

incentives when the wealth transfer goes from existing shareholders to the CoCo holders.

One of this paper’s contributions is that we proxy what market prices would be in a crisis

environment, which we can plausibly assume to be necessary to trigger conversion. This

allows us to assess the implied wealth transfer and subsequent dilution embedded in the

particular design of a given CoCo bond. This in turn allows our econometric tests of

risk-taking incentives to test the theory predictions much more accurately than a simple

distinction between PWD and equity converter CoCo bonds allows.

4Martynova and Perotti (2018) argue that the principal write-down CoCo bonds (which imply wealth
transfers from CoCo holders to the existing shareholders) reduce risk incentives, but they did not take
into account the endogeneity of conversion; doing so would have reversed their results (cf Chan and van
Wijnbergen (2017)).

5Art. 54 part c (i) of CRR (575/2013/EU) stipulates that the issuance provisions shall specify “(i)
the rate of such conversion and a limit on the permitted amount of conversion”. The way to limit the
permitted amount of conversion for non-fixed conversion prices is via a floor.
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This paper focuses on the potential effects of CoCo bonds on banks’ risk-taking pro-

file. The research aims are three-fold. Like others before us, we want to empirically test

whether having CoCo bonds on a bank’s balance sheet changes that bank’s risk-taking

behaviour. But if banks that have issued CoCo bonds do so because of other character-

istics driving risk-taking, a simple regression linking risk-taking to the presence of CoCo

bonds could suffer from sample selection bias. For example Chan and van Wijnbergen

(2017) suggested a regulatory arbitrage hypothesis, according to which banks issue cer-

tain types of CoCo bonds structured to increase their risk-taking incentives in an attempt

to offset the impact on risk-taking that regulators had when stipulating higher capital

requirements. This potentially introduces a selection bias in regressions tracing the im-

pact of CoCo bonds on risk-taking by the issuing bank. This issue has to the best of our

knowledge not received attention in the empirical CoCo bond literature, but we do test

for such a bias explicitly.

Second, we study the ex-ante impact on risk-taking of the conversion price and its

impact on the expected wealth transfer conditional on conversion from CoCo holders to

existing shareholders (note that that transfer can be negative if the conversion price is

low enough). We use in our empirical analysis a proxy for market-based conversion prices.

The assumption of basing the conversion on market prices is in line with the conditions

embedded in most CoCo bonds issued so far. The stipulated conversion price of CoCo

bonds, combined with the market price of equity at time of conversion determines the

wealth transfer. This allows us to classify CoCo bonds based on their dilutive nature,

which has been done before only on a much smaller sample. Finally we add control

variables for the degree of banking competition and the extent of macroeconomic uncer-

tainty in our analysis of the impact of the presence and structure of CoCo bonds on bank

risk-taking.

A third novelty of this paper is that we explicitly compare results based market based

risk measures of risk-taking with the results derived from analyzing an accounting based

proxy and find that the market based measures conform to the theory predictions but the

results based on the accounting based measure do not.

To sum up, new in this paper is that we explicitly test for sample selection bias (are

banks with a greater risk appetite more inclined to issue Coco bonds?), that we include
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the extent to which CoCo bonds will dilute shareholders upon conversion and assess its

impact on risk-taking, and that we explicitly distinguish between market- and accounting

based measures of riskiness.

We focus on the UK, the largest CoCo bond market in Europe, with 35% of all going-

concern (Additional Tier 1) CoCo bond issuances.6 The UK market has also the largest

share of conversion-to-equity CoCo bond issuances. Almost 60% out of all conversion-to-

equity CoCo bonds in Europe were issued in the UK. Moreover (covered in our sample)

42 out of the 46 CoCo bonds issues in the UK are conversion-to-equity.

When analysing our results, we do not find enough evidence to support the regulatory

arbitrage hypothesis. When we compare parametric and semiparametric selection models

with the pooled OLS results, we find no significant difference, and where we find a statisti-

cally significant selection bias effect the economic impact is minimal. Our tests for sample

selection bias thus come out negative: as a consequence we do not need to control for the

endogenous decision to issue when assessing the risk-taking impact of CoCo bonds. But

we do find that the issuance of CoCo bonds have a positive and significant impact on asset

risk of the issuing banks. As predicted, the direction and the size of wealth transfer affect

the magnitude of this impact. An increase in the wealth transfer from the CoCo holders

to shareholders leads to an increase in asset risk. We find that based on our measures

of price at conversion, the conversion to equity CoCo bonds on aggregate per bank are

non-dilutive for existing shareholders. The impact of the wealth transfer on risk-taking is

only robust across market measures of risk, and not for book-based measures. The results

also show that macroeconomic uncertainty and banking competition increases asset risk

chosen by CoCo-issuing banks.

Our findings have obvious policy implications. We show that the risk-taking impli-

cations of CoCo bonds are affected by the size and the direction of the wealth transfer

between CoCo holders and the existing shareholders. Wealth transfer can be controlled

through the conversion price. Hence, regulators may limit the risk-shifting incentives of

CoCo-issuing banks either by imposing some restrictions on the contractual features that

determine the size of the wealth transfer, such as the conversion price or by not counting

6In the end of 2018, UK banks had CoCo bonds worth EUR54.208 billion, out of EUR158.2 billion in
total in Europe.
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them one-for-one as capital (cf Chan and van Wijnbergen (2017) for such a proposal).

Additionally, since certain types of banks tend to issue certain types of CoCo bonds, the

type of CoCo bonds issued by a bank could be used as a warning indicator for its future

risk profile.

The reminder of the paper is organised as follows. In the remainder of Section 1 we

discuss the related literature. Section 2 describes our methodological choices for the em-

pirical analysis and describes the data. Section 3 focuses on descriptive statistics and

discusses the estimation results, whereas Section 4 has concluding remarks.

Related literature

Since CoCos are a relatively recent phenomenon, the CoCo bonds literature has ini-

tially largely been dominated by theoretical analyses. However, due to increasing data

availability, empirical CoCo papers have emerged. Our paper contributes to this growing

empirical CoCo bonds literature.

Several authors focus on the relation between risk-shifting incentives and CoCo bond

issuance. As we already discussed, this impact depends on the direction of the wealth

transfer between CoCo holders and existing shareholders conditional on conversion (Berg

and Kaserer, 2015; Chan and van Wijnbergen, 2017; Fatouh and McCunn, 2019). That is,

if shareholders are expected to gain from a CoCo conversion they have reasons to increase

their risk-taking since that will increase the chance that a conversion will in fact take

place. Obviously if shareholders stand to lose from a conversion, the impact on risk-taking

is actually negative (cf Chan and van Wijnbergen (2017)). To test this prediction, we

construct a measure which takes into account the number of shares issued at the time of a

CoCo conversion (or, equivalently, the expected market share price at conversion, and the

probability of conversion. This classification of CoCo bonds has received little attention in

the empirical literature, which relies mainly on the classification into conversion to equity

and principal write-down bonds without distinguishing within the class of CE CoCos

between high and low price conversion contracts. The only empirical paper to classify

CoCo bonds into dilutive and non-dilutive at time of issuance is Berg and Kaserer (2015),
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who, based on a sample size of 24 CoCo issuances, find that the majority of CoCo bonds

considered are non-dilutive.

Other empirical work deals with the market response/market perception of CoCo

bonds, such as market reactions to increased risk-taking incentives (Hesse, 2018), fear of

conversion (Fiordelisi et al., 2019) or announcement effects of CoCo issuance (Ammann

et al., 2017), simply distinguishing PWD CoCos and CE CoCos without recognizing

heterogeneity within the class of CE CoCos. But PWD CoCos are just a limiting case

of CE conversion, where the CoCo holder gets zero shares (equivalently has to pay an

infinite share price) upon conversion. From a risk-taking incentive point of view this is

not a meaningful distinction, the distinction should be between dilutive and non-dilutive

CoCos. To the best of our knowledge we are the first to measure the conditional wealth

transfer for a large number of CoCo bond issuances; this allows us to assess the impact

of the size and sign of that variable on risk-taking and verify whether that impact is in

line with what theory has predicted or not.

Additionally, for robustness we use four different measures for the level risk-taking

(three market-based and one book-based). The benchmark measure is asset risk measured

by asset beta. The other two market-based indicators are market risk (equity beta), and

bankruptcy risk (CDS spreads on 5 year subordinated debt). The book-based measure of

risk is the z-score, a measure of insolvency risk widely used in the literature.

Despite the extensive body of theoretical literature on the impact of CoCo bonds on

ex-post risk-taking incentives, there is as yet little empirical investigation of this issue.

Previous papers (Avdijev et al., 2020; Goncharenko et al., 2020) concentrate more on

ex-ante determinants of CoCo issuance. They analyse the choice of issuance from a debt

overhang perspective, where the bank’s ex-ante risk profile (Goncharenko et al., 2020)

or capital structure characteristics (Avdijev et al., 2020) determine whether it will issue

CoCo bonds. Goncharenko et al. (2020) argue that banks with less risky profiles are more

likely to issue CoCo bonds, while riskier banks prefer to issue equity instead. See also

Derksen et al. (2018) for a discussion of the link between debt overhang and the decision

to choose CoCo bonds to meet capital requirements. We also analyse this issue, although

for a different reason: we want to test for sample selection bias. Sample selection bias

might result if ex ante risk characteristics influence the decision to issue CoCo bonds
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rather than equity in response to higher capital requirements. A subsequent test for the

impact of CoCos on risk-taking behavior would then suffer from sample selection bias.

A similar theory of regulatory arbitrage has been tested using trust preferred securities

(TPS) (Boyson et al., 2016), who found that more financially constrained banks are more

likely to issue TPS. We test for selection bias, using both parametric and non-parametric

selection models and instrument-free estimates.

Finally, the past decade, during which all existing CoCo bonds have been issued, has

also seen increasing market volatility and reduced competition in the banking sector. To

avoid finding spurious correlations, a comprehensive analysis of the effects of CoCo bonds

on risk-taking incentive should account for these trends. We do so by including proxies

for market volatility and the degree of banking comnpetition as controls.

The interaction between market uncertainty and risk-taking preferences has received

much attention since beginning of the 1990s. Authors try to explain the implication

of uncertainty for optimal portfolio choice (Dow and da Costa Werlang, 1992), and the

interaction between uncertainty and risk in the context of monetary policy (Greenspan,

2004; Bekaert et al., 2013). More recent papers attempt to quantify the impact of different

sources of uncertainty (economic, political, etc.) on the riskiness of banks’ assets (Francis

et al., 2014). The consensus is that higher levels of uncertainty lead to higher bank

operating costs, and as a consequence more risk-taking (see Brock and Suarez (2000) for

an example).

A number of authors point out to an overall reduction in the level of competition

in the banking system in the UK (de Ramon and Straughan, 2016), and in Europe in

general (Maudos and Vives, 2019). The literature on risk-taking bases its analysis of the

impact of the degree of competition on risk-taking mostly on the franchise value theory:

the argument is that an increase in competition increases the insolvency probability of

banks which in itself can lead to more risk-taking in an attempt to increase the value of

downside risk insurance provided by limited liability (the so called Merton put (Merton,

1974)). Moreover, more competition diminishes franchise value, and since the latter act

as a break on risk-taking, competition and more risky bank asset portfolio’s tend to go

together. A low franchise value has been identified as a predictor for regulatory arbitrage

and risk-taking by Boyson et al. (2016). We use an aggregate index of banking competition
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to test the franchise value argument.

3.2 Data and empirical methodology

In this section we introduce the data which we use for our analysis. We further

discuss model specifications, variable descriptions and the methods used to construct the

key variables in our study.

3.2.1 Data

Our focus is on U.K. banks. We have a sample of 15 banks, of which 10 of them issued

CoCos at some time until the end of 2018.7 This sample represents approximately 84%

of the entire UK banking industry in terms of total assets.8 We use semi-annual data

from 2000 to 2018. The maximum numbers of observations per bank for each variable is

38, but it can vary per bank.9 We combine proprietary data from Bank of England with

publicly available data. A summary of the data collection is in Table 3.1.

We capture the universe of UK CoCo issuances that qualify as Additional Tier 1,

which comprises of 46 issuances from a total of 10 banks between 2013 to the end of

2018. They have been issued in 4 different currencies - pound sterling, euro, US dollar

and Singaporean dollar. We transform all non-GBP data in GBP by using the average

exchange rate against the sterling on a semi-annual basis. We obtain daily FX rates

against the pound from the Bank of England exchange rate statistics Database. The

number of issuances varies widely per bank, from HSBC which is the biggest issuer with

13, to only one issuance for banks such as One Savings or Coventry Building Society.

The daily adjusted close stock prices for the listed banks in our sample size at Lon-

don Stock Exchange are from Yahoo Finance. The data is from H12000 until H22018.

7The 10 CoCo issuing banks are: HSBC Holdings PLC, Barclays PLC, Santander UK Group Holding
PLC, Standard Chartered PLC, OneSavings Bank PLC, CYBG PLC, RBS PLC, Lloyds Banking group
PLC, Nationwide Building Society.

8At the end of June 2018, the total assets of our sample were £6,097,642 million out of a total reported
value of £7,336,381 million for all UK banks – https://bit.ly/2QFWmxs

9We have the least amount of observations for Metro bank which only started operating in 2010.

https://bit.ly/2QFWmxs
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Table 3.1: Data sources

Variable Nr of banks Frequency Timespan Source

Adjusted close stock price 10 Daily 2000-2018 Yahoo Finance
CDS spreads 9 Daily 2000-2018 Eikon Thomson One

Market capitalisation/ share numbers 10 Semi-annual 2006-2018 Factset

FX rates - Daily 2000-2018
Bank of England
Exchange rate statistics
Database

AT1 CoCo issuance data 10 - 2013-2018 Bloomberg

Bank balance sheet 15 Semi-annual 2000-2018
SNL
+ directly from annual reports

Number of security issuances 15 Quarterly 2000-2018 Refinitive Eikon

Banking competition level - Semi-annual 2000-2018
Bank of England
internal measurement

Macro-economic uncertainty - Semi-annual 2000-2018
Bank of England
internal measurement

FTSE100 is our benchmark for market returns, and the 10Y UK gilt rate is the risk free

measure. Daily values of CDS spreads on 5 year subordinated debt of 9 banks are re-

trieved from Eikon Thomson One, from which we derive semi-annual CDS averages per

bank. Data on market capitalisation and total number of shares on a half annual basis

are retrieved from Factset, with the earliest value from 2006.

Bank specific characteristics for our 15 banks are retrieved from SNL, and when data

was not available we retrieved them directly from the annual bank reports. All book

based measures are reported end period. The banking competition level, and the measure

for macro-economic uncertainty in the U.K. are sourced from internal Bank of England

measurements.

3.2.2 Concepts and Variables

We use standard bank control variables, such as size (natural log of book value total

assets), debt ratio (total liabilities to total assets) and bank type (deposits to liabilities).

By bank type we mean a bank classification in commercial banks, mixed or investment

banks. Commercial banks take on more deposits, thus the ratio of deposits to liabilities

is very high. In contrast, the ratio is very low for investment banks. We control for GDP

growth as well. We further augment the analysis to incorporate competition level and
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Table 3.2: CoCo issuances UK

Year Amount EUR mn N (from which CE)* GBP EUR USD SGD

2013 2753 2 (2) 0 1 1 0

2014 15936 15 (15) 8 3 4 0

2015 10128 8(7) 3 1 4 0

2016 7401 5(5) 1 0 4 0

2017 9246 10(7) 6 1 2 1

2018 8744 6(6) 1 0 4 1

Total UK 54208 46(42) 19 6 19 2

Total Europe 158200 182(71)** 21 66 67 5

* Total number of issuances, from which number of conversion to equity in brackets.

** The total number of issuances stated here is larger than the sum of issuances in the 4 currencies

summarised after. This is because in Europe there were issuances in other currencies as well, which we

do not cover in our summary table, given our UK focus.

macro economic uncertainty in both the dynamic and static specifications. A full list of

variables names and description can be found in the appendix.

Bank risk measures

We use four different measures measures for bank risk-taking, three market-based and

one book-based measure. The most common ones in the literature are the ratio of non-

performing loans and z-score. Both of them are book-based. The credit risk (NPL ratio)

only captures past risk-taking behaviour, while we want to capture changes in risk-tasking

post CoCo issuance. We think that market-based measures would better (more rapidly)

reflect the level of risk-taking. The market-base measures are asset beta (asset risk),

equity beta (market risk), and CDS spreads on 5 year subordinated debt (bankruptcy

risk). The book-based measure is the z-score, defined as the ratio between ROA (returns

on assets) plus the fraction of equity to total assets, and the volatility of ROA (accounting

based insolvency risk).
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To derive our benchmark measure of asset risk, the asset beta, we first calculate the

equity beta on a semi-annual basis. We use the standard CAPM methodology, where

βX,equity =
COV (rX−rf ,rm−rf )

V AR(rm−rf )
. COV denotes the covariance, VAR the variance, and rX are

returns on asset, rf is the risk free rate, and rm is the market return. To calculate it, we

derive the returns for each listed bank (rX) and FTSE1000 (rm), and we calculate a daily

measure for equity beta based on a rolling window, which we aggregate on a semi-annual

basis. Equity beta is only possible to calculate for listed banks, and so our sample restricts

to 10 banks, out of the initial 15 we had in our sample.

We derive the asset beta from the equity beta by taking into account leverage. Specif-

ically we estimate βasset per bank by regressing total assets
core equity

on equity beta :

βequity = Assets
TotEquity

βasset, where L are total liabilities and TE total core equity. We estimate

it using a 24 month rolling window, where the value for the first half year is computed

using the past 2 years including the current half.10

We retrieve daily CDS spreads for five year subordinated debt, and we use the semi-

annual average for our analysis. This covers 9 of our 15 banks. The advantage of this

measure compared to the previous two market based ones is that it includes some financial

institutions (Building Societies) which are not listed at the London Stock Exchange.

We calculate the z-score from 2006 onwards, following the methodology used by the

Federal Reserve11:

z-scorei,t =
ROAi,t +

TEi,t
TAi,t

σROA

where TEi,t represents the total amount of equity of bank i at time t, and TAi,t de-

notes the total amount of assets on banks’ i balance sheet at time t. We use bank balance

sheet values for ROA, total assets and total equity. We compute the standard deviation of

return on assets (ROA) using the past three semi-annual observations up to and including

the current half-year.

10e.g. The asset beta for first half of 2000 (H1- 2000) uses values from H2-1998 up to and including
H1 - 2000.

11For more details please see Fred Economic research St. Luis bank z-score.
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CoCo variables

Let CoCoi,t be the total amount outstanding in pound sterling of CoCo bonds on a

semi-annual basis at time t for bank i, and Pc,i be the conversion price per CoCo bond of

bank i (sold initially at price P0).12 Moreover, we denote by Pm
i,t the expected market price

at conversion per share of bank i at time t. We compute the number of shares received for

each CoCo bond (with initial price 100), and convert the amount outstanding and prices

in pound sterling.

The wealth transfer measure

The wealth transfer measure is a key contribution to the CoCo bond literature, which

we further use in our analysis. We define TotalWTCoCosi,t as the total expected wealth

transfer in case of conversion at time t for bank i, multiplied with the probability of a

CoCo conversion for bank i at time t.

A measure which incorporates the degree of share dilution after conversion comes from

the wealth transfer measure developed in Chan and van Wijnbergen (2017). This paper

mimics a CoCo by setting up an equivalent pair of call options. The resulting measure

for the wealth transfer at conversion is:

MarginalWTi,t =
C[R,Dd]

1 +N ·Ds

− C[R,Dd +Ds] (3.1)

where N is the total number of shares per unit of coco (conversion rate),

N = P0/Pc: initial price (100 usually)/ conversion price stipulated in the contract. Based

on this method, our simplified measure of wealth transfer is:

MarginalWTi,t =
Mrktcapi,t + CoCoi,t

ai,t +N · CoCoi,t
−

Mrktcapi,t
ai,t

(3.2)

12Notice that the conversion price does not have a time dimension - in the U.K. all CoCo bonds have a
fixed pre-specified conversion price. In the rest of Europe, conversion prices sometimes depend on various
market indicators at the time of conversion.
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where ai,t is the total number of ordinary shares of bank i at time t, Mrktcapi,t is the

market capitalisation and CoCoi,t is the total CoCo amount converted. The first term

denotes the value per share in case the CoCo bonds get converted - the new number of

shares is ai,t + N · CoCoi,t, and the total wealth is the CoCo debt which is converted

CoCoi,t and the market capitalisation pre-conversion. The second term denotes the share

price in case of non-conversion. If MarginalWTi,t > 0, then the wealth transfer from

CoCo holders to shareholders is positive, so CoCo bonds are non-dilutive for existent

shareholders, and shareholders have to gain from conversion. The total impact on wealth

transfer to existing shareholders in case of conversion is WTi,t = MarginalWTi,tai,t.

We calculate the total amount outstanding of CoCo bonds on a semi-annual basis, by

aggregating the CoCo issuance per bank at time t.

Mrktcapi,t is the market capitalisation in case of conversion. We calculate it as the

number of existing shares multiplied with the estimated price of a share at conversion.

We use two different estimates for the price at conversion. The first one is inspired

by Baron et al. (2020). They study the relationship between equity prices and banking

crises between 1870 to 2016 in 46 countries, and find that bank equity prices decline on

average by 30% nine months before a panic. One month before, the decline is estimated

at 35% compared to the previous peak. Hence, to simulate price levels in times of crisis,

we define the estimated share price at conversion as a 30% drop in the share price at the

end of each half year, and we refer to the corresponding measure of wealth transfer as

wealth transfer 30%. In robustness checks we vary the price drop from 5% to 25%.

Our second proxy for the estimated price per share at conversion is based on a stress

testing approach. We derive the maximum observed price drop per bank since 2006 using

semi-annual prices, using SNL data on semi-annual reported values of market capitali-

sation. The maximum drop varies from 20% for HSBC to close to 50% for Lloyds and

RBS. Thus, the expected price at conversion is the maximum historical decline (fixed per

bank), multiplied with the current share price at each half-year end. We further denote

this price estimate as empirical wealth transfer. Under both the empirical wealth transfer

based, and the 30% drop, the CoCos turn out to be non-dilutive for existing shareholders

at the average conversion price.
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Distance to conversion / Probability of conversion

We define the expected wealth transfer as probability of conversion multiplied with

the wealth transfer in case of conversion. To derive the probability of conversion, we first

compute the distance to conversion. The distance to conversion is similar to the distance

to default from the Kealhofer Merton Vasicek model (Vasicek, 1977), where instead of

considering default as the threshold conversion point, we use the CoCo conversion trigger

requirement stipulated in the prospectus. Whether a conversion is likely to take place

or notThe conversion depends on the capitalisation level of the issuing bank and on the

CoCo trigger level.

Using the Black-Scholes formula for an European call option, we derive numerically

the asset value and asset volatility for each bank i from the equity value and the equity

return volatility.13 That allows us to calculate the distance to conversion and probability

of conversion using the asset value and asset volatility. More precisely, the distance to

conversion is the distance between the expected value of the asset and the conversion

point. Thus,

DC(t) =
log( VA

λD
) + (r − 1

2
σ2
A)(T − t)

σA
√
T − t

(3.3)

where VA is the asset value, σA is the asset volatility, and λ = 1
1−TRC and TRC is the

stipulated trigger level for each CoCo. In the U.K. all banks issue at the minimum reg-

ulatory requirement of 7% , and so TRC is 7% throughout the sample. We numerically

solve for distance to conversion and probability of conversion for a one year horizon T = 1.

Combining the wealth transfer measure and the distance to conversion indicator: the

expected wealth transfer

The probability of conversion is derived based on the distance to conversion measure

defined above. This is the final measure that we use in our estimation. Thus,

13See Appendix for the derivation.
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TotalWTCoCoi,t = Pr(conversioni,t) ·MarginalWTi,t · ai,t

TotalWTCoCoi,t = φ(−DCi,t) ·MarginalWTi,t · ai,t (3.4)

The degree of competition, the measure of general uncertainty and other variables

The level of competition (Comp) is measured using the Boone indicator calculated by

de Ramon and Straughan (2016). Introduced by Boone (2008) and increasingly popular,

this indicator only uses easily available firm-level data and does not require observations

for all firms. Originally, the Boone indicator is negative, and higher values (movement

towards zero) represent a reduction in competition. To avoid misinterpretation of the

coefficients, we multiply the values of the indicator by -1. Hence, smaller values of our

competition variable indicate lower levels of competition. We expect higher competition

to increase risk-taking.

The level of uncertainty (Uncty) is measured using the quarterly uncertainty indicator

produced by the Bank of England’s Monetary Analysis Division. This indicator is com-

puted as the principal component of a set of indicators. The uncertainty indicators they

use combine information from the whole economy, such as the option implied volatility

of FTSE and of the Pound Sterling, with firm and household information. The Bank of

England indicator incorporates the standard deviation of observed dispersion of company

earning forecasts, and of annual growth forecasts based on financial market or survey

information. On the firm side, they use survey data from the Confederation of British

Industry (CBI) in the score of ‘demand uncertainty limiting investment’. The measure

also incorporates information such as unemployment expectations from the household

perspective, and the number of newspaper articles that mention ‘economic uncertainty’.

Haddow et al. (2013) in a Bank of England Quarterly bulletin present more detailed in-
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formation on this measure.

For the reasons discussed earlier, we add a set of industry-level and bank-level control

variables. These industry-level variables include determinants of risk-taking common to

all banks. We use GDP growth to proxy fluctuations in economic activity (Agoraki et al.,

2011). The bank-level variables are used to control for the differences in size, technical

efficiency and business models across banks. They include debt ratio (total liabilities

divided by total capital), ratio of deposits to liabilities, and the natural logarithm of total

assets. Given that higher debt levels (debt ratio) imply higher bankruptcy risks, we would

expect a negative impact of the debt ratio on the dependent variable.

3.2.3 Empirical model specifications

We test for sample selection bias using three different approaches. The first class

involves two-step selection parametric and semiparametric models which need at least

one instrumental variable (Heckman, 1976; Cosslett, 1991; Ahn and Powell, 1993). The

second one is non-parametric, and is based on extreme quantile regression and can be

performed in the absence of an instrument (D’Haultfœuille et al., 2018; d’Haultfoeuille

et al., 2019). The last method gives bound estimates of the treatment effect, assuming

that the treatment was random, and we use it in order to check the robustness of our

previous results (Lee, 2009).

We further use a dynamic GMM model specification of the Arellano-Bond estimator

with robust standard errors (Arellano and Bond, 1991), because of evidence in the liter-

ature (cf Agoraki et al. (2011); Delis and Kouretas (2011); Jiménez et al. (2013)) that

risk-taking behaviour is time-persistent. Use of the Arellano-Bond estimator is then called

for because persistence is captured by including a lagged endogenous variable. For further

robustness we compare results of a specification that includes respectively excludes the

Heckman selection estimate (inverse Mills ratio), and test for sample selection bias using

a Hausman test. Even though we find evidence that risk-taking is time persistent, we also

perform a pooled OLS for completeness of results and comparability with the selection

bias method estimates.
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Two stage selection models

If banks that want to increase their risk profile are the ones most likely to issue CoCo

bonds, a test of the hypothesis that having issued CoCos leads to additional risk-taking

incentives is likely to suffer from sample selection bias. We set up the basic model in

line with the well-known two-step selection model of Heckman (1976) by formulating

a selection equation and a response equation, with potentially correlated error terms.

The selection equation assesses the likelihood of banks selecting CoCos as part of their

capital structure. And the response equation tests our hypothesis of the impact of CoCos

and their design on risk-taking behavior. In the first approach we use a full information

maximum likelihood (FIML) estimator and test explicitly whether the relevant correlation

parameter is different from zero. But FIML estimators may lead to misspecification in

one equation biasing the other equation. We therefore also try in our second approach a

single equation estimator, the well-known Heckman estimator relying on the inverse Mills

ratio.

The Heckman (1976) selection model relies heavily on the assumption of joint nor-

mality of the error terms. We relax this assumption using two semiparametric two stage

selection models. The first one is proposed by Cosslett (1991), and the selection effect is

captured by N dummies which are derived from the first stage selection equation. The

second method we employ is Ahn and Powell (1993), which is less restrictive than Cosslett

(1991), as it does not rely on the correct parametric specification of the single index vari-

able which captures selection bias. In this setup, the selection effect is captured via a

weighted matrix from the first stage equation.

The selection equation is based on known bank characteristics which are expected to

predict CoCo issuance, such as bank type and capitalisation level (Goncharenko et al.,

2020; Avdijev et al., 2020). We define a new time-invariant variable CoCobanki, which

has a value of 1 if the bank ever issued CoCos, and 0 if they never did. As mentioned in

the data subsection already, we have 10 CoCo issuing banks and 5 which did not issue

any CoCos in our sample. So the selection equation applies to all banks, both issuers or

non-issuers.
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We use two exclusion variables that we incorporate in the selection equation, but

not in the response equation. Hence, variables that we consider have a strong impact

on whether a bank issues CoCo bonds or not, but does not predict risk-taking. The

first exclusion variable that we use is the total number of securities issued by a bank -

“SecurityIssuance”. We argue that banks which are more familiar with issuing securities

in general are also more likely to issue CoCos, but this has no effect on bank risk-taking

as we do not define either the size or the type of security issued. Hence we expect a

positive coefficient of this variable for CoCo issuing banks. The second one is the size

of total liabilities to capital ratio - the “Debt” variable, which is in fact a measure for

the leverage ratio. In theory, the debt ratio is a predictor of risk appetite. Nonetheless,

the banks are subject to minimum regulatory requirements, which were found to play an

important role in costs of capital (Baker and Wurgler, 2015). The capital structure is

affected by such regulations, and does not permit banks to reach their optimal allocation

of debt and equity, and the standard link between leverage and risk(Baker and Wurgler,

2015). Moreover, we argue that this ratio is a good predictor as to whether a bank is an

issuer. A higher debt ratio indicates a low value of CET1, and so a CoCo issuance would

be more expensive to issue as the distance to the CoCo trigger would be small, and hence

unattractive for the issuer. In this sense, we expect a negative coefficient of the debt ratio

for predicting CoCo issuance.

The selection equation (first stage) is:

CoCobanki,t = β0 + β1DepLiabi,t + β2Debti,t + β3SecurityIssuancei,t + ηi,t (3.5)

The dependent variable in this case “CoCobank” is a time-invariant dummy variable

with a value of 1 if the bank ever issued CoCos, and 0 if not. Bank specific variables are -

DepLiab - deposits to liabilities, Debt -debt to total capital ratio and SecurityIssuance -

number of security issuances. Deposits to liabilities indirectly captures the business model

of a bank. Investment banks (so low deposits to liabilities ratio) are more likely to issue

CoCos, while retail-oriented banks are less likely to do so.

In the response equation, the dependent variable captures bank risk-taking, and is

computed using one of the four bank risk-taking measures discussed above. CoCoDummy
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is a dummy variable indicating whether the bank has CoCo bonds in the capital structure,

and TotalWTCoCo measures the expected wealth transfer in case of CoCo conversion to

existing shareholders: the total amount of wealth transfer multiplied with the probability

of conversion.

The response (second stage) equation is:

ri,t =β4 + β5GDPgrowtht−1 + β6Sizei,t−1 + β7CoCoDummyi,t−1 + β8TotalWTCoCoi,t

+ β9DepLiab+ β10Unctyt−1 + β11Compt + εi,t (3.6)

and the macro variables are GDPgrowth - GDP growth, Uncty - macroeconomic uncer-

tainty, and Comp measure of competition in the banking industry.

Based on this set of equations - selection and response equations, the null hypothesis

H0 is no selection bias, or V ar(r|x,CoCobank = 1) = V ar(r|x), where x is the vector of

independent variables and so homoskedasticity holds under H0. If we reject this hypoth-

esis, we can construct a consistent estimate for the impact of CoCo bonds on risk-taking.

In a third test, we use the Hausman-Wu test to we compare the model estimation

which incorporates the CoCo selection bias with the variant where we do not incorporate

it. We denote by θ̂1 the vector of parameter estimates from the Arellano-Bond estimator

which do not incorporate selection bias, and by θ̂Mills the one which incorporates the Mills

ratio. The null hypothesis in this case is: H0: θ̂1 is efficient and consistent, and θ̂Mills

is inefficient and consistent. Alternatively, HA: θ̂1 is inconsistent, and θ̂Mills is consistent.

Two stage semiparametric selection methods

The Heckman (1976) selection model relies on strong assumptions: joint normality of

error terms, and valid instruments for the selection equation. For robustness, we relax

both of these assumptions using four different methods, and compare the effect of CoCo

bonds on risk-taking taking into account the possibility of selection bias.

The first method is based on Cosslett (1991) which relaxes the joint normality assump-

tion, but still requires valid instruments. The author proposes a two-step semiparametric
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method, which imposes no restrictions on the functional form of the selection equation.

The suggestion for the semiparametric estimation in the original version of Cosslett (1991)

is the Cosslett (1983) estimator for the first stage, but we use an improved version on it

which is the semiparametric maximum likelihood estimator of Klein and Spady (1993),

which is proven to be efficient and consistent. The first stage equation is the same as in

Heckman (1976) and as described in equation (3.5), but the estimation method is semi-

parametric. Based on these estimates, we predict the scalar outcome vi,t = (γ̂Z) = γ̂Z,

where Z are the variables used in the first stage. The predicted values vi,t = (γ̂Z) from

the first stage equation are divided and ordered into M equal sized sections.14 If the value

vi,t = (γ̂Z) falls in section Mj, then the dummy variable Di,j takes a value of 1, and 0

otherwise. The dummy variables are then inserted in the second stage, and we estimate

the equation using OLS:

Asset betai,t = Xi,tβ +
M∑
j=1

bjDj,i,t (γ̂Z)

In that sense, the selection correction term is φ (vi,t (γ̂Z)) =
∑M

j=1 bjDj,i,t (γ̂Z) .

The second method that we use to test for selection bias is the Ahn and Powell (1993)

semiparametric two-stage estimation. In contrast to Cosslett (1991), this method is less

restrictive, as they assume that the selection effect only depends on the conditional mean

of an observable selection variable. Hence this estimator does not rely on the correct

parametric specification of the single index variable which captures the selection bias as

we defined it in the first stage equations above. We choose as an observable selection

variable the number of security issuances, as we argue it is the best instrument we have

in terms of lack of correlation with the risk-taking measures. The first stage estimation

ofAhn and Powell (1993) generates a weighted matrix which we subsequently use in the

second stage equation as the one described in equation (3.6).

Extreme quantile regression and bounds of treatment effect

This method is very different from the ones presented so far, as it uses extreme quantile

regression, it is based on no instruments, and it has a distribution-free estimator. The

14We heuristically choose a number of 10 sections due to the size of our sample
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estimator coined in D’Haultfœuille et al. (2018); d’Haultfoeuille et al. (2019) is based on

the assumption that selection is independent of covariates when the outcome takes large

values. In our case, this would translate that banks issue CoCos regardless of debt level or

number of securities issued in the past, as long as they exhibit high risk-taking. We argue

that this would be an appropriate assumption for our model as well, as it is more costly

for high risk banks to raise equity, and so the bank has higher incentives to orientate

towards cheaper sources of funding such as different type of debt, including CoCo debt.

We perform one last check for selection bias using the Lee (2009) bounds. This tech-

nique gives estimated bounds of the treatment effect, making no assumptions on the

selection instruments, but assumes a random treatment effect. If we argue that there is

no clear driver in self-selection for banks which issue CoCos, then the size of the effect of

CoCo debt on risk-taking from previous regressions should be the same as if we were to

assume that banks randomly self-select into issuing CoCos.

Dynamic model specification and testing for persistence

We test for persistence by assessing the significance of the lagged endogenous variable

among the explanatory variables. The Arellano-Bond model is designed for such a dy-

namic panel data structure with a lagged endogenous variable on the right hand side of

the equation. We test for auto-correlation of order 1 and 2 (AR(1) and AR(2)) using the

Arellano-Bond test (Arellano and Bond, 1991). We first test only for the impact of the

presence of CoCo bonds, and then we add the contemporaneous effects of possible wealth

transfer in case of conversion. We use contemporaneous instead of lagged effects when we

analyse market values as markets react faster compared to book values. When we use the

z-score as a measure of risk we incorporate instead only lagged values.

The first test is for the impact of CoCo bonds presence on risk-taking in a dynamic

setting:

ri,t = β0 + ρri,t−1 + β1GDPgrowtht−1 + β2Sizei,t−1 + β3Debti,t−1+
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β4Dep/Liabi,t−1 + β5CoCoDummyi,t−1 + εi,t (3.7)

We augment the specification to test for the impact of uncertainty and competition:

ri,t = β0 + ρri,t−1 + β1GDPgrowtht−1 + β2Sizei,t−1 + β3Debti,t−1 + β4Compt−1+

+β5Unctyt + β6DepLiabi,t−1 + β7CoCoDummyi,t−1 + β8TotalWTCoCoi,t + εi,t (3.8)

Finally, we augment the model with interaction terms: Inter Uncty = uncertainty ∗

CoCo dummy, Inter Comp = competition ∗ CoCo dummy.

Static model specification

Although our estimates confirm the need to use a dynamic specification, for compa-

rability with the literature we also show the results of a pooled OLS. The first variant of

the static version is simply the dynamic version but with the lagged endogenous variable

left out:

ri,t = β0 + β1GDPgrowtht−1 + β2Sizei,t−1 + β3Debti,t−1+

β4Dep/Liabi,t−1 + β5CoCoDummyi,t−1 + β6TotalWTCoCoi,t + εi,t (3.9)

The initial model specification is then also extended to test for CoCo effects in the

presence of macroeconomic uncertainty and banking competition, like was done for the

dynamic setup:

ri,t = β0 + β1GDPgrowtht−1 + β2Sizei,t−1 + β3Debti,t−1 + β4Compt−1+

+β5Unctyt + β6DepLiabi,t−1 + β7CoCoDummyi,t−1 + β8TotalWTCoCoi,t + εi,t (3.10)
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3.3 Descriptive statistics and empirical results

3.3.1 Descriptive Statistics

Bank risk measures

We derive equity and asset beta measures for the ten out of the fifteen banks in our

sample which are listed at London Stock Exchange. The first reported measure is equity

beta, with a mean value of -0.0109, indicating that our sample has almost no correlation

with the FTSE100. We find that asset beta, which takes into account bankruptcy risk,

has both a smaller mean value and a smaller standard deviation, as expected. We further

report the CDS 5 year subordinated debt on 9 banks. The reported values are in basis

points, which shows an average CDS spread of 2,015%, with a variation between 0,555%

to 5,964%. The accounting measure z-score is reported for all banks in our sample. We

find that the z-score has the highest volatility from all measures. Summary statistics for

our four measures of bank risk-taking are listed in Table 3.3.

Table 3.3: Bank Risk measures

Variable N Mean Std. Dev. Min Max

Equity beta overall 258 -.0109 .1302 -.4733 .4389
between 10 .0592 -.1058 .0502
within 25.8 .1211 -.4293 .3776

Asset beta overall 226 -.0008 .0065 -.0154 .0225
between 9 .0047 -.0097 .0028
within 25.1 .0052 -.0160 .0190

CDS overall 141 201.476 110.121 55.487 596.454
between 9 48.316 116.480 248.139
within 15.67 102.1 39.428 561.374

Z-score overall 270 6.742 11.635 -5.746 99.1368
between 15 5.809 -.823 20.915
within 18 9.992 -12.480 84.964

The CoCo market

The total amount of CoCo bonds issued in Europe between Jan 2013 and November

2018 was approximately 158.2 bn EUR. U.K. and Switzerland are by far the largest

issuers both in number of issuances and amount outstanding, with U.K. having issued
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Table 3.4: CoCo descriptive statistics

Variable N Mean Std. Dev. Min Max

CoCo bonds to overall capital ratio overall 69 .1233 .0891 .0272 .4310

between 10 .0778 .0552 .3092

within 6.9 .0387 .0168 .2452

Prob of CoCo conversion overall 69 8.27e-06 .0000417 3.47e-51 .00026

Total CoCo shares

mn
overall 78 19.387 27.620 0 83.171

between 11 25.880 0 83.171

Marginal wealth transfer per share

(empirical decline)
overall 57 .3288 .27027 0 1.1509

Total expected WT at conversion

£mn (empirical decline)
overall 57 3979.367 3280.7 0 13272.63

CoCo bonds worth 54.2 bn EUR, so more than a third of the entire market in terms of

size.

We analyse the 46 AT1 U.K. CoCo issuances, from which almost all are conversion to

equity, with a fixed conversion price. The U.K. has by far the largest European issuance

in terms of CE CoCo bonds, both in terms of size and number of issuances. CoCo bonds

represent an average of 12.3% relative to total bank capital. The market issues at a

constant pace every year, with occasional spikes. A standard feature of CoCo IPO’s is that

banks can call the CoCo bonds every 5 years. We observe that banks call the CoCo bonds,

and they subsequently reissue, leading to a five year cycle. A possible explanation for this

behaviour is cheaper financing costs, as CoCo bonds are no longer an exotic instrument to

the market, as it was in the early 2010’s. Under Bank of England regulation, AT1 CoCo

bonds must have a trigger level of minimum 7%. Very few other countries (Switzerland)

impose a higher trigger level compared to the Basel regulation of 5.125%, which leads to a

‘cluster’ of CoCo issuances at the minimum regulatory requirement of a 5.125% CET1 to

RWA trigger. A brief market overview for AT1 U.K. CoCo bonds can be found in Table

3.2.
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We report on the key descriptive statistics of our derived CoCo variables in Table

3.4.15 The probability of CoCo conversion is on average very small, due to the current

high level of bank capitalisation in terms of CET1 to RWA ratio. The marginal wealth

transfer, under the assumption of a share price drop equal to the historical price drop

per bank, implies a gain of 0.329 sterling per share for existing shareholders. We obtain

a similar value for the marginal wealth transfer gain when we assume a 30% share drop.

Based on our two measures of price at conversion, we find that the aggregate conversion

to equity CoCos per bank are non-dilutive for existing shareholders.

Lastly, in Table B.3 we present descriptive statistics for macroeconomic variables and

bank control variables which we use. We report all values in GBP, unless otherwise stated.

3.3.2 Selection bias results

Full Information Maximum Likelihood

The first two columns in Table 3.5 report the full information maximum likelihood

estimation results of the selection and response equation simultaneously, where column

(1) assumes a static response equation, and column (2) refers to a dynamic model speci-

fication with a lagged endogenous variable. In the selection equation we find all variables

to have a statistically significant effect on whether a bank ever issued CoCos or not. The

more deposits a bank has as part of their total liabilities, the less likely they are to is-

sue CoCos, and the same applies for debt level as anticipated. The number of security

issuances has a positive effect on banks issuing CoCos. We find no statistically significant

evidence of selection bias as indicated by the reported estimate (athrho) which captures

the correlation in the error terms of the selection and response equation.16 We report the

LR test test of no selection bias (ρ = 0) and find that in both model specifications (1)

and (2) we cannot reject the null hypothesis that the two equations are independent. The

results and corresponding probabilities are reported in the LR test and Prob > chi2 in

15The full table of descriptive statistics can be found in the appendix.
16The correlation between the error terms of the selection and response equation is ρ, and the reported

estimate athrho denotes the inverse hyperbolic tangent of ρ, or the Fisher z-transform : atanhρ =
1
2 ln( 1+ρ

1−ρ ). In this setup, the estimates in the response function do not correct for the Mills ratio, and so
the coefficients are different compared to the two step variant. Let σ denote the standard error of the
residuals in the response equation. The lnsigma coefficient reports the log transform of σ.
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Table 3.5.

Two step Heckman correction model

In the Heckman two step correction model, the first stage is the selection equation, a

probit model which determines the probability that a bank is a CoCo issuing bank based

on key capital structure characteristics documented in the literature. The second stage

is the response equation, and incorporates other variables that affect asset beta, while

taking into account the selection bias of a bank issuing CoCo bonds from the first stage.

This selection bias is calculated via the inverse Mills ratio, which captures the probability

that a bank issues CoCo bonds given ex-ante characteristics. Columns (3) and (4) in

Table 3.5 illustrate the results of the two-step Heckman estimator. The selectivity effect

is summarised by lambda.17 The test did not detect selection bias, as the inverse Mills

ratio is not statistically significant in either static or dynamic case.

As an additional test, we incorporate the inverse Mills ratio from the first stage Heck-

man as an additional variable in the static model estimated via pooled OLS and in the

dynamic version of our model estimated via the Arellano-Bond estimator, and we find

that the coefficients are statistically insignificant in both cases, providing further indica-

tion of no selection bias. We report the coefficients for the inverse Mills ratio in Table

3.6, and the full estimation results can be found in Table B.4.

Hausman test

The Hausman test for the χ2 test with 8 degrees of freedom is 0.80, and has a cor-

responding p-value of 0.99. These results show that the difference in coefficients is not

systematic, providing further evidence against the presence of selection bias in our model

specification.

17This value captures λ = ρσ from the maximum likelihood estimation variant described in the previous
footnote



Table 3.5: Heckman correction model. Bank risk measure: Asset beta

(1) (2) (3) (4)
Asset beta Asset beta Asset beta Asset beta

Asset beta
GDP growth (-1) 0.0950∗ -0.0301 0.0966∗ -0.0301

(1.72) (-1.02) (1.73) (-1.02)

Size(-1) 0.00120∗∗ -0.0000602 0.00154∗ -0.0000636
(2.13) (-0.21) (1.86) (-0.14)

Dep/Liab 0.0144∗∗∗ 0.000277 0.0107 0.000313
(2.86) (0.11) (1.25) (0.07)

Uncty (-1) 0.00300∗∗∗ 0.000309 0.00298∗∗∗ 0.000309
(5.45) (1.00) (5.38) (1.00)

CoCo dummy 0.00888∗∗∗ 0.00363∗∗∗ 0.00879∗∗∗ 0.00363∗∗∗

(6.69) (4.93) (6.62) (4.90)

Comp 0.00215∗∗∗ 0.000532∗∗∗ 0.00221∗∗∗ 0.000531∗∗

(6.11) (2.66) (6.06) (2.55)

Asset beta (-1) 0.848∗∗∗ 0.848∗∗∗

(23.66) (23.63)

Const. -0.0334∗∗∗ -0.00138 -0.0372∗∗∗ -0.00134
(-3.57) (-0.28) (-3.24) (-0.22)

CoCo bank
Dep/Liab -3.799∗∗∗ -4.096∗∗∗ -3.857∗∗∗ -4.096∗∗∗

(-4.97) (-5.64) (-5.49) (-5.66)

Debt -0.441∗ -0.448∗ -0.429∗ -0.448∗

(-1.74) (-1.81) (-1.75) (-1.81)

Security Issuances 0.00759∗ 0.00705∗ 0.00734∗∗ 0.00705∗

(1.94) (1.90) (1.99) (1.91)

Const. 3.114∗∗∗ 3.302∗∗∗ 3.148∗∗∗ 3.302∗∗∗

(4.93) (5.32) (5.20) (5.33)
athrho 0.0735 -0.000984

(0.20) (-0.00)

lnsigma -5.240∗∗∗ -5.915∗∗∗

(-101.74) (-116.51)
LR test(rho=0) chi2(1)=0.04 chi2(1)=0.00
Prob > chi2 0.84 0.99
Inv. Mills ratio
lambda 0.00332 -0.0000296

(0.58) (-0.01)
N 301 296 301 296

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

The first two columns use the maximum likelihood estimation. Column (1) assumes a static model specification

and column (2) incorporates the first lag of asset beta in the response equation. The variables of interest are

athrho- correlation in the error terms of selection and response equation, and the LR chi2 test.

Columns (3) and (4) report the two step Heckman correction, where column (3) uses the static response,

and column (4) the dynamic response equation. The selection effect coefficient is captured by the lambda

under the Mills ratio.
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Table 3.6: Estimated coefficients for Mills ratio

Dependent variable: Asset beta Pooled OLS Arellano-bond

Inv Mills ratio
-0.00132
(-0.29)

-0.00155
(-0.90)

N 223 208

t statistics in parentheses

First column reports the coefficient of the Inverse Mills ratio in the pooled OLS estimation,

with a static model specification. The second column reports the coefficient in the Arellano-Bond

estimation for the dynamic model specification. See the full regression estimations in Table B.4.

Semiparametric two step selection models

The Heckman correction model is very restrictive in terms of assumptions of both

the error terms (joint normally distributed) and of correct model specifications. We

summarize the three two-step selection estimator results in Table 3.7, and we compare

it to the OLS benchmark. We first relax the joint normality assumption using the two-

step semiparametric estimator of Cosslett (1991). We find that the ten dummy variables

which capture the selection effect are statistically significant at either 1% or 10%. The risk-

taking impact of having CoCos on the balance sheet increases from 0.0081 (under OLS), to

0.00905 when we correct for the selection effect using the Cosslett (1991) semiparametric

method. This evidence suggests that if there was selection bias, the economic impact in

terms of risk-taking magnitude is fairly small.

The second relaxation of assumptions is the correct model specification of the selection

equation. The Ahn and Powell (1993) method is less restrictive than Cosslett (1991) as it

makes no assumption on the error term and moreover, requires only one valid instrument

for the selection equation. We use the number of security issuances as our instrument,

and based on it we derive a weight matrix for the response equation which implicitly

incorporates the selection effect. Our results indicate that when we account for selection

bias in this manner, the CoCo impact on risk-taking is almost the same as the outcome

from the simple OLS regression: 0.00845 compared to 0.00811, but the 95% confidence

intervals are much smaller. This method does not capture a clear variable which can be

interpreted as a selection bias effect, but compared to the OLS results we have further
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evidence against the selection bias hypothesis.

Extreme quantile regression and Lee bounds

One of the least restrictive selection methods that we use is based on d’Haultfoeuille

et al. (2019). The estimator does not need a valid instrument, nor makes any assumptions

on the distribution of the variable of interest, but requires that the selection is independent

of covariates when the outcome (asset beta in our case) takes large values. We obtain an

almost identical size of the effect of CoCo bonds on bank risk-taking as using the Ahn

and Powell (1993) weighted-matrix semiparametric estimation technique, and still very

similar to the effect from the OLS.

So far the results indicate a lack of selection bias. We perform one last check using

the Lee (2009) bounds, which measures the size of the treatment effect assuming that

the treatment (whether a bank issues CoCos or not) is random. The Lee bounds on the

size of the impact of CoCo bonds on risk-taking has as upper bound of 0.0086, which

encompasses all our previous estimates except for the Cosslett (1991) estimator.

To summarize, we tested two semiparametric two stage estimation techniques, one

using dummy values for the selection equation (Cosslett, 1991) and one using a weighted-

matrix (Ahn and Powell, 1993), and two techniques which use no instruments, one using

extreme quantile regression (d’Haultfoeuille et al., 2019) and one which gives bounds on

the size of the effect assuming random self-selection in CoCo issuance (Lee, 2009). The

comparison between the different methods, and the CoCo bond effect effects on risk-

taking alongside their respective confidence intervals are summarized in Table 3.8. The

parameter estimates for the effects of CoCo debt on risk-taking are very similar to each

other and to the simple OLS results, and the corresponding confidence intervals also

widely overlap. In spite of a statistically significant effect of the Cosslett (1991) selection

bias estimators, we obtain robust evidence against selection bias in CoCo issuance for our

UK sample.



Table 3.7: Two step correction models. Bank risk measure: Asset beta

OLS Heckman (1976) Cosslett (1991) Ahn and Powell (1993)
Asset beta Asset beta Asset beta Asset beta

GDP growth (-1) .098∗ 0.096∗ 0.100∗∗ 0.15∗∗∗

(0.0521) (1.73) (2.08) (0.003)

Size (-1) 0.0019∗∗∗ 0.0015∗ 0.0006 .0012∗∗∗

(0.0003) (1.86) (1.17) (0.00002)

Dep/Liab 0.0155∗∗∗ 0.010∗ 0.019∗∗∗ .0139∗∗∗

(0.0039) (1.25) (5.08) (0.00024)

Uncty (-1) .0024∗∗∗ 0.0029∗∗∗ 0.0029∗∗∗ 0.0034∗∗∗

(0.0005) (5.38) (6.20) (0.00003)

CoCo dummy 0.00811∗∗∗ 0.0087∗∗∗ 0.00905∗∗∗ 0.00845∗∗∗

(.0012) (6.62) (7.59) (0.00)

Comp 0.0018∗∗∗ 0.0022∗∗∗ 0.00184∗∗∗ .0021∗∗∗

(0.00001) (6.06) (5.82) (0.00)

Const -.0426∗∗∗ -0.037∗∗∗ -0.0426∗∗∗ -0.0335∗∗∗

(0.006) (-3.24) (-6.04) (0.0004)
Selection+ NO Parametric Semi-parametric Semi-parametric
Inv. Mills ratio NO 0.0033 NO NO

(0.58)
Dummy selection bins NO NO YES‡ NO
Weight Matrix NO NO NO YES†

CoCo bank selection Heckman (1976) Klein and Spady (1993)
Dep/Liab -3.857∗∗∗ -4.093∗∗∗

(-5.49) (1.27)

Debt -0.429∗ 1.543∗∗∗

(-1.75) (.418)

Security Issuances 0.007∗ 0.096 ∗∗∗

(1.99) (0.025)
Const. 3.148∗∗∗

(5.20)
N(selected) 223 223 223 233

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

+ This indicates if and how the selection effect has been incorporated in the regression.

‡All 10 dummies are statistically significant at either 1% or 10% sig.

† The weight matrix captures the selection effect based on the instrument of nr. of security issuances. There is no separate selection equation.
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Table 3.8: Selection bias testing summary

Variable Key features
CoCo dummy
impact on risk
taking

95% CI interval

OLS - 0.0081*** [0.0056, 0.0105]

Heckman (1976)

1. Parametric two step selection.
2. Joint normality of errors.
3. Selection effect: Inv. Mills Ratio.
4. Relies on correct model specification.

0.0088*** [0.0062, 0.0114]

Cosslett (1991)

1. Semiparametric two stage.
2. No assumption on error terms.
3.Selection effect: N ordered dummies/bins
derived from first stage.

0.00905*** [0.0066, 0.0114]

Ahn and Powell (1993)

1. Semiparametric two stage.
2. No assumption on error terms.
3. Selection effect: depends only on the conditional
mean of an observable selection variable.
4. Less restrictive than Cosslett: does not rely on the
correct parametric specification of the single index variable
which captures the selection effect.

0.00845*** [0.0083,0.0085]

d’Haultfoeuille et al. (2019)

1. Extreme quantile regression.
2. Absence of instrument.
3. Distribution-free estimator.
4. Selection assumption: selection is independent of
covariates when the outcome takes large values.

0.00844*** [0.0047, 0.0121]

Lee (2009)
1. Measures bounds of ’treatment’ effect.
2. No assumption on instrument.
3. Assumes randomly assigned treatment.

/ [-0.0003, 0.0086***]

3.3.3 Dynamic specification results

Our main results stem from the dynamic model specification with the asset beta as

LHS variable, and are presented in Tables 3.9 and B.5. The coefficient of the lagged

dependent variable is positive and statistically significant at a 1% level for all four risk

measures, and so we accept the dynamic model instead of the static specification.

We find that CoCo bonds on the balance sheet have a positive and significant effect

on asset risk, and moreover this impact depends on the size of wealth transfer, regardless

on whether we measure it via the empirical, or the 30 % price drop. The size of expected

dilution for existing shareholders has a lower economic impact than the presence of Co-

Cos. Our results confirm our hypotheses and the results in theoretical literature that

less dilutive CoCos have a higher impact on bank risk-taking behaviour. We find that

the size of dilution has a positive impact on asset risk. The more equity holders have to

gain from a possible CoCo conversion (so higher value of the Wealth Transfer variable),

the more risk the bank will take. The coefficients for both the CoCo dummy and the

wealth transfer are statistically significant at a 1% or 5% depending on the model specifi-
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cation. Macroeconomic uncertainty and competition have a small, but significant positive

economic impact on asset risk, and it strengthens the effects of having CoCo bonds on

balance sheet, while diminishing the impact of the wealth transfer on asset risk.

In the model specification with interaction terms (Table B.5) Inter uncty and In-

ter Comp measure the relative impact of CoCo bonds on risk-taking in the presence

of macroeconomic uncertainty, and competition respectively. Both interaction of uncer-

tainty or competition in the presence of CoCo bonds have a statistically significant effect

on asset risk, so the effects of these two variables is enhanced by the presence of CoCo

bonds. Nonetheless, under some model specifications with interaction terms the dilution

size seems to no longer impact asset risk, while having CoCo bonds on the balance sheet

continues to play a positive and statistically significant role.

Our results in a dynamic setting reinforce our hypotheses when looking at the other

two market measures of risk, equity beta and CDS spreads respectively. Equity beta, one

of our proxies for market risk, is positively affected by CoCo bonds on a banks’ balance

sheet, but the size of the wealth transfer does not seem to affect it. Past levels of higher

inter-bank competition increase market risk, but the interaction effects with the CoCo

bonds variable do not seem to play a role.

CDS spreads are a measure of the riskiness of debt (in all cases we use CDS on

5 year subordinated debt). CoCo bonds are an additional capitalisation buffer which

protects debt-holders, which in turn makes the subordinated debt less risky. In this

model specification we include the debt ratio as an independent variable, as it one of the

key determinants of CDS spreads. The presence of CoCo bonds on the balance sheet

has a negative and significant impact at 5% or 10%, which is what one would expect.

In contrast, the wealth transfer has a positive impact on CDS spreads. If gains from

conversion are expected, then the bank is expected to take more risk, which in turn will

decrease the probability of subordinated debt to be repaid, which leads to higher CDS

spreads.

Overall, the results for the three market based risk measures (the asset beta, the equity

beta and CDS spreads) are very similar, but the results based on the accounting based

risk measure are very different. In both the dynamic and static panel, CoCo issuance

has no effect on the z-score, and the only determinant of it appears to be the banking
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competition level from the last half year and the uncertainty measure. Again, under all

cases for both asset and equity beta we find a positive significant effect of past CoCo

issuance. The dynamic specification gives more robust results, but the accounting based

measure of risk (z-score) does not capture the impact of CoCo bonds on risk-taking.

Summing up, our empirical results indicate that banks with CoCos on their balance

sheet do not self-select in CoCo issuance with the purpose of changing their risk profile, as

we showed under various selection bias specification models. Nonetheless, even though we

lack evidence for a selection effect at issuance, we find that banks with CoCo bonds take

more asset risk, both in the static and dynamic model specifications. The expected wealth

transfer has a statistically significant effect when we use the asset beta and CDS spread

risk measure. If the shareholders expect a negative wealth transfer, they are less likely to

increase their asset risk.18 Both banking competition and macroeconomic uncertainty have

a positive and statistically significant effect on asset beta and CDS spreads in the dynamic

model, and they also bring on an additional positive effect on CoCo impact on bank risk-

taking decisions. This suggests that CoCo bonds are pro-cyclical and the increased asset

risk which they cause is reinforced by uncertain economic states or increased competition.

3.3.4 Model misspecifications and robustness checks

In the selection bias analysis we specify a selection equation involving deposits to

liabilities, number of security issuances and the debt ratio. From all our selection models,

only the semiparametric two-stage Cosslett (1991) one indicates the presence of selection

bias, which might indicate that our selection equation is misspecified. As such, we use

other key determinants of CoCo issuance documented in the literature such as asset size in

alternative selection equations and we find no selection effect under the two-stage selection

models employed. Nonetheless, asset size is a very strong predictor of CoCo issuance, and

it creates a statistically insignificant effect of other CoCo issuance predictors.

Consider next the Arellano-Bond estimator results which eliminate potential problems

related to the presence of lagged endogenous variables. We test for auto-correlation of

order 1 and 2 AR(1), AR(2) in the dynamic panel using the Arellano-Bond test. We

18In the static setup this variable is insignificant, but note that the static equation suffers from omitted
variable bias. It is included only for comparability with the literature.
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reject the null hypothesis of no auto-correlation in error terms for AR(1), and accept it

for AR(2). This is further evidence that our dynamic model with one lag is well-specified.

We perform additional robustness checks in terms of model specification. We argue

in the selection bias subsection that the debt ratio is not a good predictor for asset risk.

We include the debt ratio variable as an independent variable for asset and equity beta,

and we find that indeed it has no effect on the dependent variables. Moreover, we use few

bank specific characteristics in our analysis which might lead to omitted variable bias. As

such, we add up to three more control variables such as capital ratio, leverage or income

to capital ratios for robustness. The main effects we are capturing do not change, but the

new controls and some of the pre-existing control variables such as deposits to liabilities

are no longer statistically significant. Hence we conclude that the additional controls do

not add explanatory power and their potential correlation with other control variables

introduces some bias, while the variables of interest are unaffected in terms of both size

and statistical significance.

We re-run the analysis with market price of shares evaluated at assumed drops in

the market price at conversion time varying from 5 to 25 percent, and we obtain similar

values compared to the empirical and 30% price drop that we considered. Secondly, a

change in one or two lags from when the CoCo was issued does not significantly change

our main results. Thirdly, we test for a static panel models with fixed, and random effects

as well, and results are consistent for CoCo presence, macroeconomic uncertainty and

banking competition. The impact of wealth transfer on risk measures is positive, but not

significant. Fourthly, we calculate the wealth transfer only using the marginal impact per

shareholder in case of conversion. Results are not robust for the wealth transfer when

assessing the impact on CDS, as we obtain contradicting results. Moreover, the wealth

transfer for the marginal shareholder is no longer statistically significant for asset beta. In

light of these results, we argue that the marginal impact is too small to be able to affect

the risk measures, and the aggregate is a more economically relevant measure to inspect.
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3.4 Conclusion

In this paper we add to the empirical literature assessing the impact of CoCos on

risk-taking. New is that we explicitly test for sample selection bias (are banks with a

greater risk appetite more inclined to issue Coco bonds?), that we include the extent to

which CoCo bonds will dilute shareholders upon conversion and assess its impact on risk-

taking, and that we explicitly distinguish between market- and accounting based measures

of riskiness.

Further we test the regulatory arbitrage hypothesis in a CoCo setting, which argues

that banks’ decision to issue is determined by incentives to ex-post increase their risk-

taking behaviour, but we find no compelling evidence for this hypothesis. We analyse the

impact in the U.K., as the United Kingdom is by far the largest CoCo issuer in Europe,

and it accounts for 60% of all conversion to equity CoCo issuances.

We find that the decision to issue CoCo bonds has a positive and significantly signifi-

cant effect when looking at market-based measures of bank risk-taking, but no effect with

respect to book-based measures. Taking into account that risk-taking is persistent, we

find that the total amount of expected dilution to current shareholders has a significant

effect on asset risk. More precisely, less dilutive CoCo bonds from last period predict an

increase in current risk-taking. The impact of wealth transfer on risk is only robust across

market measures of risk, and not for the book based measure. Banking competition has

a positive and significant impact on current risk-taking, as expected, but the economic

impact seems to be small. Macroeconomic uncertainty has an ambiguous effect on bank

risk-taking, depending on whether we analyse it on market or book based measures. Look-

ing at market based measures of risk-taking, we find that higher uncertainty amplifies the

positive impact of CoCo bonds on risk-taking.

Summing up, our empirical results confirm earlier CoCo theories (Chan and van Wi-

jnbergen, 2017), according to which the size of the dilution matters for risk-taking in-

centives. More precisely, we obtain evidence to support that less dilutive CoCo bonds

increase banks’ risk-taking incentives, as existing shareholders can potentially gain from

a CoCo conversion.
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These results suggest that policymakers would be well advised, when they want to

control the risk-taking incentives for banks, to not just consider the level of capital re-

quirements or the share which can be met by issuing CoCos; The specific design features of

the CoCos should be considered as well if overall risk-taking incentives are to be lowered.

In particular regulators may well want to insist on a sufficiently high degree of dilution

for existing shareholders in the event CoCo triggers are set off and conversion will take

place.
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Appendix B

B.1 Probability of conversion

The Merton credit risk model states that equity under limited liability is equivalent

to a call option on the assets of the firm with strike price the debt of the firm:

Et+T = max(At+T , 0)

We use the Black-Scholes formula for a European call option to value E (note that the

exercise time equals the maturity of the debt):

Et = Atθ(d)−De−rfT θt(d− σa
√
T ) (B.1)

Note also that rf is the risk free rate. This gives us one equation in two unknowns: we

know Et but we do not know At and σA. But (B.1) also implies a relation between the

two volatilities, which gives us a second equation for the two unknowns in

dEt
Et

=
θdAt
Et

= θ
At
Et

dAt
At

(B.2)

Combining the two, EtσE = θ(d)AtσA. Using the standard stochastic process definition

for Brownian motion asset price dynamics. So we derive numerically the asset value A

and asset volatility σA from the equity value Et and the equity return volatility sigmaE

using equations (B.1) and (B.2).
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B.2 Variable description

Table B.1: Variable description

Variable Description

ri,t risk measure of bank i at time t
Equity beta Equity beta of bank i at time t
Asset beta Asset beta of bank i at time t
CDS CDS spread in basis points on 5 year subordinated debt
Z-score Z-score of bank i at time t

GDPgrowtht GDP growth at time t
Sizei,t log total assets
Debti,t Total liabilities to capital ratio
Compt Banking competition - Boone indicator for UK
Unctyt UK Macroeconomic Uncertainty indicator
Dep/Liabi,t Deposits to liabilities ratio
SecurityIssuancei,t Number of securities issued

CoCoDummyi,t 1 if the bank had CoCo bonds on their balance sheet last time period
CoCoBanki 1 if the bank ever issued CoCo bonds in our sample
TotalWTCoCoi,t probability of CoCo conversion times expected WT to shareholders
Wealth transfer 30% Total wealth transfer for an expected 30% price drop of equity
Wealth transfer emp. Total wealth transfer for an expected maximum historical price drop of equity

CoCoi,t the total amount of CoCo bonds outstanding at time t for bank i
Ni total number of shares obtained per unit of CoCo in case of conversion
TEi,t Total amount of Tier 1 capital (equity) of bank i at time t
TAi,t Total assets of bank i at time t
ai,t total number of shares before conversion
Mrktcapi,t Market capitalisation
MarginalWTi,t Marginal wealth transfer (per share) in case of conversion
WTi,t Total wealth transfer to existing shareholders in case of conversion
Pc,i Conversion price per coco stipulated in contract
P0,i Price of CoCo bond at issuance
Pm
i,t price per share of bank i at time t
vA Asset value
σA Asset volatility
DC(t) Distance to conversion at time t
TRC Stipulated trigger level

B.3 Descriptive statistics



Table B.2: CoCo descriptive statistics

Variable N Mean Std. Dev. Min Max

CoCo bonds to overall capital ratio overall 69 .1233 .0891 .0272 .4310

between 10 .0778 .0552 .3092

within 6.9 .0387 .0168 .2452

Prob of CoCo conversion overall 69 8.27e-06 .0000417 3.47e-51 .0002638

between 10 .0000184 4.97e-12 .0000496

within 6.9 .0000382 -.0000413 .0002226

Total CoCo shares

mn
overall 78 19.387 27.620 0 83.171

between 11 25.880 0 83.171

Total CoCo issued

£mn
overall 80 3019.308 3154.22 60 13297.87

between 11 2862.67 60 8434.63

Total expected WT at conversion

£mn (30% decline)
overall 57 3890.012 3195.58 0 12997

Total expected WT at conversion

£mn (empirical decline)
overall 57 3979.367 3280.7 0 13272.63

Wealth transfer per share

(30% decline)
overall 57 .3234 .2675 0 1.141

between 10 .2513 0 .778

within 5.7 .1381 -.0581 .6867

Marginal wealth transfer per share

(empirical decline)
overall 57 .3288 .2702 0 1.1509

between 10 .2536 0 .7839

within 5.7 .1402 -0.0564 .6959



Table B.3: Descriptive statistics

Variable N Mean Std. Dev. Min Max

GDP growth overall 37 .0087 .0103 -.0311 .0231

Comp overall 34 3.561 1.453 1.119 6.361

Uncty overall 37 .0775 1.1672 -1.421 3.753

Size (ln assets) overall 471 11.772 1.827 6.647 14.691

between 15 1.960 8.47 13.924

within 31.4 .5317 9.917 13.128

Debt ratio overall 439 .9877 .2608 .4013 3.820

between 15 .0788 .8753 1.174

within 29.266 .2485 .4387 3.6338

Dep Liab (deposits to liab) overall 439 .6471 .1752 .1084 .9907

between 15 .1572 .4207 .9550

within 29.266 .1059 .0838 .9483



Table B.4: Dynamic and static panel specifications with the inverse Mills ratio

(1) (2)
Asset beta Asset beta

GDP growth (-1) 0.0890∗ -0.0251
(1.96) (-1.41)

Size (-1) -0.00357∗∗∗ -0.000772∗

(-3.26) (-1.84)

Dep/Liab 0.00700 -0.00282
(0.93) (-1.00)

Uncty (-1) 0.00270∗∗∗ 0.000383∗∗

(5.96) (2.05)

CoCo dummy 0.00765∗∗∗ 0.00398∗∗∗

(6.40) (8.47)

Comp 0.000586 0.000447∗∗∗

(1.57) (3.16)

Inv. Mills ratio -0.00132 -0.00155
(-0.29) (-0.90)

Asset beta (-1) 0.813∗∗∗

(31.52)

Const. 0.0363∗∗ 0.0102∗

(2.39) (1.77)
N 223 208

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Chapter 4

Capital Allocation, Leverage Ratio

Requirement and Banks’

Risk-Taking
1

4.1 Introduction

In the aftermath of the 2007 – 2009 financial crisis, the global regulatory capital

framework has undergone substantial reform to address shortcomings in the pre-crisis

framework and deliver a resilient banking system that can support the real economy. One

of the prominent changes is the introduction of a leverage ratio requirement to comple-

ment the risk-based capital requirements and thus, to make the whole regulatory capital

framework more robust to different types of uncertainties. This introduction however

brings about significant challenges for banks to efficiently manage their limited financial

resources. These challenges include issues on how to incorporate multiple regulatory con-

straints within their capital allocation framework. Banks are therefore developing new

1We are grateful for helpful comments from Matthew Willison, Arzu Uluc, Aakriti Mathur, Ieva
Sakalauskaite and seminar participants at the Bank of England. All remaining errors are of our own.
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approaches to allocating capital to their businesses. The evolution of banks’ practices in

turn may have implications for the effectiveness of regulatory measures. One important

question, as highlighted in Bajaj et al. (2018), that requires further analysis is how the

banks’ riskiness depends on the way they treat the leverage ratio requirement within their

capital allocation process.

This paper aims to shed light on this question. We examine how banks’ asset risk

is affected by the level at which they apply the regulatory constraints. To do that,

we construct a two-period model where there is a bank that runs two business units.

One has higher non-risk adjusted returns but it is also riskier, while the other has lower

returns and it is less risky. We model the two businesses as the lending business as

the riskier one, and the repo business as the safer one. The bank is subject to two

main regulatory constraints - the risk-weighted capital requirements formulated using the

Value-at-Risk (VaR) constraint and the leverage ratio requirement. Those constraints are

legally applied at the bank’s group consolidated level but the bank can choose to require

each of their business units to comply with both constraints - hereafter referred to as the

bank allocating the two constraints to their businesses. Further we measure the change

in the bank’s optimal investment in the case when the constraints are exclusively applied

at the group level to when they constraints are allocated to the respective business units.

We interpret the change in investment through a risk-taking perspective: the change in

bank’s asset risk is measured through the fraction of investment in lending of the total

bank’s balance sheet.

One of the key insight we get is that the impact differs significantly depending on which

of the two constraints matter at the group consolidated level. If the bank is constrained

by the leverage ratio at the group level, we show analytically that the impact on risk-

taking depends on the relationship between the average risk weights at group and business

unit levels and the ratio of two regulatory requirements. If both the bank’s group and

business units on a stand-alone basis have average risk weights below a certain threshold,

then the allocation of constraints does not change the bank’s investment decisions. In

contrast, if the stand-alone average risk weights for the business units are higher than a

threshold, which in turn is higher than the aggregate average risk weight at the group

level, then applying both regulatory constraints at the business unit level will lead to a



4.1 Introduction 121

decrease in the bank’s asset risk. The intuition behind this result relates to the most

binding constraint. If the stand-alone business units are bound also by the leverage ratio,

then the bank’s asset risk does not change. If the stand-alone business units are bound

by the risk-weighted capital requirement, then we observe a decrease in asset risk when

constraints are applied at the business unit level.

However, the allocation of constraints could bring about an increase in the bank’s asset

risk if at the group level, the risk-weighted constraint is the only binding constraint. One of

the necessary conditions for this result is that the riskier business unit is bound by the risk-

weighted capital requirement, while the less risky business unit is bound by the leverage

ratio on a stand-alone basis. This implies that the bank has incentives to reallocate capital

from the less risky unit to the riskier unit to increase marginal profitability, leading to

an overall change in asset risk. We also point out to a diversification benefit in terms of

required capital of applying the risk-weighted capital requirement at group level, compared

to applying it on a stand-alone basis which further plays a role in the necessary conditions

to observe an increase in asset risk. Given that it is not possible to obtain closed-form

solutions for the analytical analysis, we complement it with the numerical simulations.

We calibrate the model using data on large UK banks. In our numerical results, we indeed

find that the allocation of constraints leads to an increase of asset risk of the average bank

in our sample when at the group level the bank is bound by the risk-weighted constraint

only.

To understand the role of the business model, we examine whether the impact of the

allocation of the constraints differ across banks with different business models. For this

purpose, we first classify the UK banks in our sample into two types of banks, namely

retails banks and wholesale and capital market-oriented banks. Intuitively, retail banks are

more likely to be bounded by leverage ratio, while wholesale and capital market-oriented

are more likely to be constrained by the risk-weighted assets requirement. We recalibrate

the model to each type of bank and run the numerical simulations. The most interesting

finding is that there is a stark difference in the impact of the allocation of constraints

on the banks’ asset risk between the two types. Especially, in the case where only the

risk-weighted constraint matters at the group level, while the allocation of constraints
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results in an increase in asset risk of retail banks, it leads to a decrease in the asset risk

of wholesale and capital market-oriented banks.

The organisation of the paper is as follows. After discussing the related literature in

the next section, we set out in Section 4.3 our theoretical setup. Section 4.4 presents our

main analytical insights. Then in Section 4.5 we calibrate our model to the UK banks

and explain our numerical simulations in Section 4.6. In Section 4.7 we further break

down our UK bank sample in two bank business model groups: retail orientated, and

wholesale and capital-markets orientated banks, and discuss our new simulation results

in this context. Finally Section 4.8 concludes and suggests further research.

4.2 Related Literature

This research adds to three strands of existing literature. We add to the literature on

capital allocation under constraints, where we assess the impact of leverage ratio on inter-

nal capital allocation between different business units. Secondly, our research is related

to the broader literature on unintended consequences of post-crisis financial regulation,

more specifically on the leverage ratio requirement impact on bank risk-taking. Lastly,

we apply our theoretical model to the repo and lending market, and substantiate with

our theory the observed decrease in repo transactions since the introduction of leverage

ratio.

The literature on the allocation of capital within complex financial institutions is still

very limited. Capital allocation is a method used to determine the notional amount of

equity capital needed to support a business. The performance of a business unit, and

it’s respective capital allocation can be assessed and done in a large variety of ways.2

An important factor in capital allocation among different business units is the marginal

profitability relative to the costs of capital associated with that business. The alloca-

tion relies on the relative profitability of each business unit in relation to the minimum

marginal amount of capital required to perform operations. Among the most common

are the Risk Adjusted Returns on Capital (RAROC) and Economic Value Added (EVA)

which relate to economic capital, or measures that take into account the regulatory capital

2For a recent primer on capital allocation methods implemented in practice see Ita (2017).
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requirements (Ita, 2017). Economic capital is a measure of calculating a minimum amount

of equity needed to cover unexpected shortfalls measured via Value-at-Risk (VaR) or Ex-

pected Shortfall (ES), and regulatory capital allocation relates to the minimum Basel III

requirements on equity to risk-weighted assets, and more recently to the leverage ratio

requirements.3 An Oliver Wyman report finds that the minimum capital requirements

started playing a much more central role in banks’ capital allocation after the financial

crisis of 2008 (Khaykin et al., 2017). The reason behind it is that the banks attach the

highest weight to the most binding constraint of capital requirements, and regulatory

capital took that role compared to other measures such as economic capital. Criticism

on different methods of capital allocation relates to calculating the cost of capital at an

aggregate value of the firm, and not per project. In early work on the topic, Stein (1997)

provides a rationale for the establishment of internal capital markets, which enable firms’

headquarter to shift resources across business units according to their profitability. Gra-

ham and Harvey (2001) find that banks traditionally use aggregate risk, via the weighted

average cost of capital (WACC) when evaluating projects, and not project-specific risk.

This finding is supported by Krüger et al. (2015), which argue that the aggregate alloca-

tion type leads to under-investment in safer businesses, and over-investment in relatively

riskier ones. The link between costs of capital and regulation is made also in Baker and

Wurgler (2015), which argue that an increase in regulation that makes banks less risky

lead to an increase in cost of capital, and substantiate their hypothesis by an analysis of

US bank returns. Moreover, it has been shown that accounting for diversification benefits

between different units can reduce banks’ capital needs (Perold, 2005). He suggests that

banks should evaluate business activities based on their marginal contribution to expected

operating profits and to the bank’s required risk capital.

In our paper the minimum amount of capital required depends on the leverage ratio

and the risk-sensitive regulatory requirement, as it is the most commonly used measure

at the time when this paper is written. Additionally, we take into account the criticism

of the average capital charge, by assessing both the cases when the regulatory capital

constraints are applied at group level and at separate business unit levels. For instance,

3For more methodological details, Dhaene et al. (2012) analyse the existing literature and practice
on different capital allocation methods and their rationale, and construct a unified capital allocation
framework, which encompasses a large majority of these cases.
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the low-risk, low-margin activities have a low risk-based capital charge, but the risk

insensitive leverage ratio has a relatively higher capital charge compared to the risk-based

one. This effect is amplified for low margin and high balance sheet intensity activities

such as repo transactions. In contrast, the high-risk, high-margin businesses derive the

highest capital charge from risk-based requirements, while the leverage ratio requirement

is less likely to be binding. In that sense, the most relevant paper related to our work is

Goel et al. (2019) which analyses the allocation of capital across two business units (i.e.

lending and market making) by banks that face multiple constraints, namely risk-based

capital and leverage ratio requirements. They develop a theoretical model and calibrate

it to US data, and show how shocks to one unit lead to spillover effects to other units

in terms of allocated capital. Although our model is in similar spirit with the one from

Goel et al. (2019), they formally analyse the impact of tightening constraints on capital

allocation and business unit investments, while we focus on the risk-taking implications

of applying the same constraints at different levels of a bank holding.

The impact of leverage ratio requirement (LRR) on the banking portfolio composition

is a relatively new research topic. Blum (2008) is the first one to advocate for the impor-

tance of introducing this risk-insensitive measure as an incentive for truthful risk reporting

in an adverse selection model. The Basel Committee provides three reasons for the intro-

duction of the LRR: help against excessive leverage build up, help against banks trying to

circumvent the risk-based capital requirements and lastly, help against model risk (Basel

Committee, 2009). In more recent work, both Kiema and Jokivuolle (2014) and Acosta-

Smith et al. (2018) find in theoretical setups that the leverage ratio introduction leads to

an increase in risk-taking under certain conditions. Kiema and Jokivuolle (2014) focus on

the model risk argument, and find that this shift does not affect the aggregate risk profile

and banking stability, as banks re-shuffle the loans: banks focused on low-risk lending will

shift towards more high-risk lending, while the high-risk lending banks will reallocate part

of their portfolio to low-risk investments.Acosta-Smith et al. (2018) focus on the comple-

menting risk-based capital requirements argument, and find an increase in risk-taking if

equity is sufficiently costly, or banks are bound by the leverage ratio. They confirm these

results empirically on a large panel of European banks. Choi et al. (2018) find similar

empirical results for the US, where banks shift towards riskier investments (higher asset
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risk), but the shift is counterbalanced by increased capital leading to no change in overall

bank risk. Our paper focuses on the asset risk implications of the leverage ratio intro-

duction as a complement to risk-based capital requirements. Nonetheless unlike previous

literature we do not assess how the introduction of LRR changes the portfolio composi-

tion, but rather how the allocation of the constraint at different business levels impacts

asset risk. Other work assessing the leverage ratio requirement introduction focuses on

business cycle and long-run interaction with risk-based requirements (Gambacorta and

Karmakarb, 2018), or moral hazard and debt absorption capacity(Barth and Seckinger,

2018). The most likely operations to be negatively affected by the leverage ratio require-

ment introduction are operations with a low expected return, but a high capital charge,

such as repurchase agreements (repos). Early evidence shows that the repo markets have

been hit by the LR requirement both in Europe and the US (BIS CGFS, 2017; Allahrakha

et al., 2018; Duffie, 2018). Nonetheless, disentangling the causation or the persistency of

the interaction between repo markets and leverage ratio has mixed evidence. In a recent

study on market liquidity of the UK gilt, Bicu-Lieb et al. (2020) find that the occurrence

of a decrease in the repo liquidity occurred simultaneously with the introduction of the

leverage ratio requirement, but there is no clear evidence on the existence of a causal

relationship between the two. Kotidis and Van Horen (2019) also analyse the UK gilt

repo market, and conclude that the leverage ratio introduction has no impact on bilateral

repo transactions. They find that repo dealers constrained by the leverage ratio decrease

initially the transacted volumes with smaller clients, but this effect was temporary. The

repo dealers who were not affected by the LRR took over the smaller clients, and later

on the affected dealers increased haircuts on reverse repo transactions, as a passthrough

mechanism of increased costs of regulation. We do not perform an empirical analysis akin

the previous two studies, but rather we emulate some of the (UK gilt) repo characteris-

tics in our theoretical model and simulation. We consider the two types of balance sheet

charges that repo transactions have, and estimate UK gilt repo market returns which we

later use to simulate banks’ investment decisions.
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4.3 The model

We consider a bank that runs two business units, one yields higher non-risk adjusted

returns but is riskier than the other. Although our results will hold for any combination of

two businesses that have those characteristics, in this paper, we model the riskier business

as a lending business and the safer business as a repo business.

Two business units The lending unit grants loans to customers. We denote the bank’s

ex-ante gross interest income from loans by G(L) where L is the total value of granted

loans. We capture the fact that granting loans is a risky business by assuming that ex-

post some loans do not pay back. Denote by Z̃ the random variable that represents the

losses per unit of total loans. Therefore, the bank’s ex-post lending revenue is equal to

G(L)−ZL where Z is the realised value of Z̃. We assume that Z̃ is distributed according

to the distribution HZ , hZ with expected value equal to µZ .

The repo unit owns a stock of government bonds of value X with coupon c. It uses this

government bonds inventory to raise collateralised fundings to finance bond trading activ-

ities or to act as an intermediary entering into repo transaction with some counterparties

and offsetting reverse repo with others. We assume that the ex-ante income from repo

activities is equal to F (X). We capture the risk of the repo business by assuming that

ex-post the bank could suffer losses ε̃X due to, for example, unpaid payments by reverse

repo counterparties or losses from trading activities. Distribution of ε̃ is characterised by

Hε, hε with expected value µε.

We make the following assumptions on the profitability and riskiness of the two busi-

ness units.

Assumption 4.1. Functions G(.) and F (.) satisfy the following conditions:

G(0) = 0; G′(.) > 0 and G′′(.) < 0 (4.1)

F (0) = 0; F ′(.) > 0 and F ′′(.) < 0 (4.2)

Assumption 4.1 implies that both lending and repo businesses have diminishing marginal

returns. For lending business, this property could be explained by the fact that the loan

interest rate is a decreasing function of loan size. For repo business, this could be due
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to the fact that interest rate on reverse repo is less sensitive to the transactional amount

than the repo rate.

Assumption 4.2. The rank between the two functions G(.) and F (.) is as follows:

G′(y)− µZ > F ′(y) + c− µε for all y ≤ max(X∗, L∗) (4.3)

where

X∗ = argmax
y

[F (y) + cy − µεy −Ry] and L∗ = argmax
y

[G(y)− µZy −Ry] (4.4)

Assumption 4.2 indicates that lending business is more profitable than repo business

on a non risk-adjusted basis. Note that X∗ and L∗ defined in this assumption represent

the size of, respectively, the repo and lending businesses so that expected profits from

those activities are maximised when their costs of funding is R. The banks will never

grant more loans than L∗ and never hold an inventory of government bonds of value

higher than X∗.

Assumption 4.3. Two random variables Z̃ and ε̃ are ranked as follows:

V aR1−q(Z̃) ≥ V aR1−q(ε̃) (4.5)

Therefore, lending business is riskier on a stand-alone basis than repos business.

Funding structure and capital allocation We assume that the bank finances

their assets with equity of amount K and the remaining is debt with gross interest rate

R. Among the total capital resources K the bank has, KL will be allocated to support

lending business while KX is allocated to the repo business. Figure 4.1 illustrates the

balance sheet of the bank at the consolidated level and at the business unit level. Note

that the size of the balance sheet of the repo business is recorded as a multiple α ∈ [1, 2]

of X to take into account the different regulatory treatment between netted reverse repos

and unetted ones.

We denote by Π̃L and Π̃X the profit of, respectively, lending and repo business units.

Therefore, Π̃L and Π̃X could be written as follows:
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Figure 4.1: Bank’s balance sheet

Π̃L = G(L)− Z̃L−R(L−KL) (4.6)

and

Π̃X = F (X) + cX − ε̃X −R(X −KX) (4.7)

The overall profit of the bank at the consolidated level is thus equal to Π̃L + Π̃X

Regulatory constraints The bank is subject to the two regulatory constraints,

namely the leverage ratio (LR) requirement and the risk-weighted capital requirement.

These two constraints are legally imposed at the consolidated level but the bank could

choose to apply them at the group level or at the business unit level.

In line with the principle underlying the Basel requirements, we formulate the risk-

weighted capital requirement using the Value-at-Risk (VaR) constraint. Given the bank’s

balance sheet as described in Figure 4.1, the two regulatory constraints can be written at

the consolidated level as follows:

P
(

Π̃L + Π̃X ≤ 0
)
≤ a (4.8)

and

K ≥ χ(L+ αX) (4.9)
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where χ is the required minimum LR. After some algebra, VaR Constraint (4.8) can be

rewritten as:

K ≥ V aR1−a(Z̃L+ ε̃X)− Π(L,X)

R
(4.10)

where

Π(L,X) = G(L)−RL︸ ︷︷ ︸
≡ ΠL(L)

+F (X) + cX −RX︸ ︷︷ ︸
≡ ΠX(X)

In the form of the Basel III framework, the right hand side (RHS) of Constraint (4.10) is

equivalent to the product of the minimum risk-weighted (RW) capital requirements and

the risk-weighted assets (RWAs) of the bank at the group level. We denote the former by

γ and the latter by RWAG . RWAG can thus be proxied in our model by:

RWAG =
V aR1−a(Z̃L+ ε̃X)− Π(L,X)

γR

If the bank chooses to require both business units to comply with both constraints

individually, then the lending business has to satisfy:

P
(

Π̃L ≤ 0
)
≤ a and KL ≥ χL

while the repo business has to satisfy:

P
(

Π̃X ≤ 0
)
≤ a and KX ≥ χαX

The two individual VaR constraints can similarly be expressed in terms of RWAL and

RWAX - the RWAs of, respectively, the lending and repo businesses on a stand-alone

basis - as follows:

KL ≥ γRWAL where RWAL =
V aR1−a(Z̃L)− ΠL(L)

γR
(4.11)

and



130 Capital Allocation,the Leverage Ratio Requirement and Banks’ Risk-Taking

KX ≥ γRWAX where RWAX =
V aR1−a(ε̃X)− ΠX(X)

γR
(4.12)

4.4 Analysis

We now analyse the bank’s optimal investments. Our main objective is to investigate

how the bank’s asset risk is affected by the level at which it applies the two regulatory

constraints. To do so, we will compare the bank’s optimal investments in each business

between the case where it applies the two constraints at the group level and the case

in which it requires both business units to individually comply with both regulatory

constraints. In the following, we first formulate the bank’s problem for each of these two

cases. Then, we examine how the bank’s decision differs between them.

4.4.1 Bank’s optimisation problems

Optimisation problem with constraints applied at the group’s level When

the bank applies all constraints at the group level, its optimisation problem, denoted as

℘G, can be written as follows:

Max
L,X

E
[
Π̃L + Π̃X

]
subject to Constraints (4.9) and (4.10).

Our focus is on how the level at which the bank applies its regulatory constraints

affects its asset risk. Given that the bank runs two businesses with one riskier than the

other, the bank’s asset risk in our model can be measured by the fraction of the bank’s

total balance sheet devoted to lending business - the riskier one. We denote by w this

fraction, i.e.

w =
L

L+X
(4.13)

To facilitate the examination of how w would change depending on the application

level of the two regulatory constraints, we reformulate Problem ℘G by changing the bank’s



4.4 Analysis 131

decision variables from (L,X) to w and the bank’s total balance sheet size S = L + X.

After expressing L and X via S and w, Problem ℘G could be written as:

Max
S,w

{Π(w, S)− µZwS − µε(1− w)S +RK)}

subject to

K ≥ γRWAG =
V aR1−a(Z̃w + (1− w)ε̃)S − Π(w, S)

R
(4.14)

K ≥ χ (wS + α(1− w)S) (4.15)

Optimisation problem with constraints applied at the business unit’s level When

the bank applies all constraints at the business unit level, its problem, denoted as ℘B, is

as follows:

Max
L,X

E
[
Π̃L + Π̃X

]
subject to Constraints (4.11), (4.12) as well as the following two LR requirements

KL ≥ χL and KX ≥ χαX

and the capital allocation constraint

K ≥ KL +KX

After reformulating Problem ℘B in terms of w and S, we get:

Max
S,w

{Π(w, S)− µZwS − µε(1− w)S +RK)}

subject to

KL ≥ γRWAL =
V aR1−a(Z̃w)S − ΠL(w, S)

R
(4.16)

KX ≥ γRWAX =
V aR1−a((1− w)ε̃)S − ΠX(w, S)

R
(4.17)

KL ≥ χwS (4.18)
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KX ≥ χα(1− w)S (4.19)

K ≥ KL +KX (4.20)

4.4.2 Bank’s optimal investments

We are now equipped to compare the bank’s investment policy, especially the bank’s

asset risk, between the two above scenarios. Denote by (wG, SG) and (wB, SB) the solu-

tions of, respectively, Problem ℘G and ℘B.

To get first intuitions on how investment decision of the bank could change, let us

compare constraints of Problem ℘G to the ones of Problem ℘B. Clearly, we see that the

group-level LR constraint is weakly looser than business unit-level LR constraints. The

group-level RW constraint is also looser than the business unit-level RW ones and the gap

denoted by Div is equal to

Div = V aR1−a(Z̃w) + V aR1−a((1− w)ε̃)− V aR1−a(Z̃w + (1− w)ε̃) (4.21)

Div represents the diversification benefit that the bank will profit from if it applies the

RW constraint at the consolidated level.

These first observations imply that applying regulatory constraints at the business unit

level will reduce the set of investment opportunities available to the bank. The following

proposition highlights the efficiency losses resulting from allocating both constraints down

to business units.

Proposition 4.1. Efficiency losses:

SB ≤ SG

Proof. It is the direct consequence of the fact that constraints of Problem ℘B are weakly

tighter than the ones of Problem ℘G

Turning to the impact on the bank’s asset risk of allocating constraints down to busi-

ness units, for the purpose of characterising this impact, it is useful to define the average
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risk weight (ARW) of the bank’s group as

ARWG =
RWAG

[w + α(1− w)]S

and of each business unit as

ARWL =
RWAL

wS
and ARWX =

RWAX

α(1− w)S

We state in the following proposition our first result

Proposition 4.2. When the bank is bound by the LR requirement at the group level (i.e.

ARWG ≤ χ
γ

), we have:

1. wB = wG if

ARWL ≤ χ

γ
and ARWX ≤ χ

γ

2. wB < wG if

ARWL ≥ χ

γ
and ARWX ≥ χ

γ

Proof. See Appendix.

Proposition 4.2 states conditions under which allocating down regulatory constraints

to business units will either not affect the bank’s asset risk or lead to its decrease if the

bank is bound by the LR requirements at the group level. The two conditions in the first

part of the proposition imply that both business units will be constrained by the LR when

the two requirements are allocated down. The bank’s investment does not change in this

case since the optimal investment at the group level already allows two business units to

comply with the relevant constraint - the LR.

In relation to the second part of Proposition 4.2, the two conditions imply that both

businesses will be bound by the RW constraint in the case of applying regulatory re-

quirements down to business units. To understand why there is a decrease in the bank’s

asset risk in this case, it is useful to compare the two first order conditions (FOC) that

determine wG and wB. Indeed, wG is determined by
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(
G′(wGSG)− µZ

)
−
(
F ′((1− wG)SG) + c− µε

)
= λLRχ(1− α)︸ ︷︷ ︸

≤ 0

(4.22)

while wB is determined by

(
G′(wBSB)− µZ

)
−
(
F ′((1− wB)SB) + c− µε

)
= λLV aR

V aR1−a(Z̃)−G′(wBSB) +R

R︸ ︷︷ ︸
∂(γRWAL)

∂L

− V aR1−a(ε̃)− (F ′((1− wB)SB) + c) +R

R︸ ︷︷ ︸
∂(γRWAX )

∂X

 (4.23)

The left hand side (LHS) of both Equations (4.22) and (4.23) represent the marginal

benefit of moving on unit of investment from repo business to lending business. It is

the increase in the bank’s marginal expected profit since marginal profitability of lending

business is higher than the one of repo business. The right hand side (RHS) of the two

equations represent the marginal cost of that action in terms of marginal changes in

required capital resources. Two remarks are in order here.

First, when the two constraints apply at the group level (i.e. Equation (4.22)),

the required capital resources are determined by the constraint relevant at the group level

which is the LR. Since leverage cost per unit of investment in repo business is weakly

higher than the leverage cost per unit of investment in lending business (i.e. α ≥ 1),

moving one unit of investment from repo business to lending business will lead to a non

positive change in required capital.

When the two constraints apply at the business unit level (i.e. Equation (4.23)),

the required capital resources are now determined by two individual RW constraints since

business units are bound by those constraints. The marginal change in required capi-

tal, when moving one unit of investment from repo business to lending business, is now

determined by the difference between marginal change in RWAs of lending business and
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marginal change in RWAs of repo business. Since lending business is riskier than repo

business, this difference is positive.

Therefore, the marginal cost of moving one unit of investment from repo business to

lending business is higher in the case of applying constraints down to business unit level

than in the case where constraints are applied at the group level. This in turn implies

that that action is less beneficial in the former case than in the latter one and so the

bank’s asset risk decrease in the former case.

We turn to the case where the RW constraint binds at the group consolidated level.

Proposition 4.3. When the banks is bound by the RW constraint at the group level (i.e.

ARWG ≥ χ
γ

), it can happen that wB > wG if the following conditions are satisfied:

1. ARWL ≥ χ
γ

and ARWX ≤ χ
γ

2. χα ≥ ∂(γRWAX )
∂X

3. V aR1−a(Z̃)− V aR1−a(ε̃)− ∂V aR1−a(Z̃w+ε̃(1−w))
∂w

< 0

Proof. See Appendix.

In Proposition 4.3, the first condition implies that when allocating regulatory con-

straints down to business units, the lending unit will be bounded by risk-weighted capital

requirements while the repo unit bounded by the leverage constraint. The second condi-

tion means that for repo business, the required capital per unit of investment generated

by the LR constraint is greater than the required capital per unit of investment generated

by the RW constraint. Finally the third condition implies that the diversification benefit

is decreasing with the share of the lending business in the bank’s total balance sheet.

To understand the intuition underlying Proposition 4.3, it is again useful to compare

two FOCs that determine wG and wB in this situation. They are as follows:

(
G′(wGSG)− µZ

)
−
(
F ′((1− wG)SG) + c− µε

)
= λV aR

[
∂(γRWAL)

∂L
− ∂(γRWAX )

∂X

]
− λV aR

R

(
V aR1−a(Z̃)− V aR1−a(ε̃)−

∂V aR1−a(Z̃w + ε̃(1− w))

∂w

)
︸ ︷︷ ︸

marginal diversification benefit

(4.24)
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for wG and

(
G′(wBSB)− µZ

)
−
(
F ′((1− wB)SB) + c− µε

)
= λLV aR

(
∂(γRWAL)

∂L
− χα

)
(4.25)

for wB

We can see that if the three conditions in Proposition 3 is satisfied, then the marginal cost

of moving one unit of investment from repo business to lending business in the case where

two constraints apply at the group level will be higher than in the case where constraints

are allocated down.

4.5 Model calibration

In the previous analysis, we intentionally kept our theoretical setup very general to

emphasise the generality of our analytical insights. That generality however implies that

we cannot characterise analytically all the possible changes in the bank’s investments

following the allocation of regulatory constraints to its business units. In this section

we complement those analytical insights by calibrating our model on data of banks in

the UK to conduct numerical simulations. We first make additional assumptions on the

specific functional forms for the lending and repo incomes to identify further parameters

to be calibrated. Then, we describes the data used for the calibration and explain our

calibration methods.

Parameters to be calibrated The bank’s ex-ante gross interest income from loans

G(L) is naturally the product of the loan volume L and the gross interest rate charged

on loans. We assume that the interest rate is a decreasing function of the loan volume:

g1 + g2L where g1 > 0 and g2 < 0. Therefore, we have:

G(L) = (g1 + g2L)L

In line with the literature, we also assume that the loan losses are log-normally distributed

with parameter µlogZ and σlogZ .
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In relation to the repo income, we focus here on the role of the repo unit as market

maker in the repo market. Therfore, F (X) is the revenue from reverse repo activities net

of the repo cost. We assume that the interest rates charged on both repo and reverse repo

depend on the borrowing amount, which implies that

F (X) = (d1 + ε1X)X︸ ︷︷ ︸
reverse repo revenue

− (d2 + ε2X)X︸ ︷︷ ︸
repo cost

.

We further define γ1 = d1−d2 and γ2 = ε1−ε2 as the spreads between the two transactions,

where γ1 > 0 and γ2 < 0. Due to limitations on the data as explained below, in this part,

we assume that repo is riskless, i.e. repo losses ε̃ is equal to zero with probability 1.

We summarise the set of parameters that need to be calibrated in Table 4.1.

Table 4.1: Parameters to be calibrated

Parameters Description

a VaR confidence level
χ Leverage requirement
c Coupon of government bond
R Bank’s borrowing cost
g1 Marginal return on loan
g2 Curvature of loan return

µlogZ Lognormal parameter of loan losses

σlogZ Lognormal parameter of loan losses
γ1 Marginal return on repo
γ2 Curvature of return on repo

Data In calibrating the model, we use three main data sources. First, we collect

information on performance analysis, asset quality and balance sheet for 15 UK banks for

which semi-annual data is available in SNL from 2015 to 2018. Our second source of data

is the confidential Sterling Money Market Data (SMMD) of the Bank of England. This

dataset is daily, transactional-level data. It contains repo and reverse repo transactions

with maturity of up to one year that are denominated in Sterling and secured against

UK government-issues securities. The repo and reverse repo transactions reported in this

dataset cover 95% of total turnover of the market. They are executed by institutions

with significant proportion of total activity in the market among which there are 5 UK
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banks. Finally, the third dataset is daily yield rates for the 15 year UK government bond

retrieved from Factset. Table 4.2 report the variables we use in these datasets for our

calibration.

Table 4.2: Data sources

Variable description Timespan Frequency Data source

Gross loans to customers 2015-2018 Semi annual SNL
Impaired loans 2015-2018 Semi annual SNL
Net interest margin 2015-2018 Semi annual SNL
Cost of funds 2015-2018 Semi annual SNL
Yield 15Y UK gilt 2015-2018 Daily Factset
Repo Transaction Nominal Amount 2017-2019 Daily SMMD
Repo interest rate 2017-2019 Daily SMMD
Reverse repo Transaction Nominal Amount 2017-2019 Daily SMMD
Reverse repo interest rate 2017-2019 Daily SMMD

Calibration methods We set a series of parameters individually. In line with the

Basel III risk-weighted capital requirements and leverage ratio requirement, we set the

VaR confidence level a to be equal to 0.001 and the minimum leverage ratio χ equal 3%.

For the coupon on government bonds, we proxy it by the 15Y UK gilt yield retrieved from

Factset, as the average of daily yields over the entire period. We set the bank’s borrowing

cost R to be the average cost of funds of all banks in our sample.

To estimate the distribution parameters µlogZ and σlogZ of the loan loss Z, we proxy Z by

the amount of impaired loans per unit of total loans. Then we use the maximum likelihood

estimation to fit the lognormal distribution of Z with the distribution of impaired loans.

We employ the least square fitting method to derive parameters g1 and g2 that underlies

the function of gross lending returns from net interest margin reported in our datasets.

To do so, we first express the net interest margin of bank i at time t - denoted by IMi,t -

via g1 and g2 as follows:

IMi,t = g1 + g2Li,t − Zi,t −Ri,t

where Li,t is gross loans to customers; Zi,t is the realised impaired loans and Ri,t is the

cost of funds - all variables are observed in the data. g1 and g2 then can be obtained by

estimating the following regression equation:
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yi,t = g1 + g2Li,t + ηi,t

where yi,t = IMi,t + Zi,t +Ri,t and ηi,t is error term. Both coefficients g1, g2 derived from

the regression are statistically significant at, respectively, 1% and 5% level.

Similarly, to estimate the repo returns, we regress the repo and reverse repo interest

rate reported for each transaction on the borrowing amount of that transaction using the

equations:

f reversei,t = d1 + ε1X
reverse
i,t + νi,t and f repoi,t = d2 + ε2X

repo
i,t + υi,t

Both regressions give statistically significant coefficients at 1% level. Afterward, we cal-

culate the marginal return on repo γ1 as equal to d1−d2 and the curvature of repo return

γ2 as ε1 − ε2.

Table 4.3 report the calibrated value for all parameters.4

Table 4.3: Calibration UK

Description Parameters Calibrated Value

VaR confidence level a 0.001
Leverage requirement χ 0.03
Coupon on government bond c 1.0172
Bank’s borrowing cost R 1.0114

Lending unit

Marginal return on loan g1 1.0369
Curvature of loan return g2 −2.22 · 10−5

Log-normal parameter of Z µlogZ -4.568
(Mean Z) (0.015)

Log-normal parameter of Z σlogZ 0.913
(Standard deviation Z) (0.018

Repo unit

Return on reverse repo - repo γ1 0.000427
Diminishing return parameter γ2 −6.943 · 10−4

In Figure 4.2 we exemplify the characteristics of our calibrated bank. As seen in the

left panel, the marginal gross returns on lending are higher compared to the repo returns,

4Values of parameters are reported, when appropriate, in terms of billion GBP.
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and also they decrease at a much slower rate compared to the repo ones as the investment

size increases, making it relatively more profitable to invest in lending. We also observe

from the bottom left panel that the average risk weights of our calibrated lending business

are higher than χ
γ

= 0.35.

Figure 4.2: Bank’s characteristics full sample
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Note: This figure displays main characteristics of the calibrated values for the full sample. The left
panel captures the marginal gross returns of repo (Ret repo) and lending (Ret lending) as a function of
investment. The right panel shows the marginal RWA of lending business and its average risk weights of
lending (ARW).

4.6 Numerical simulations

Using the calibrated values, we solve numerically, for different values of the bank’s

initial equity K, the two optimisation problems ℘G and ℘B as defined in Section 4.4.1.

Solving for optimal investment decisions, note that depending on the value of K, the

bank can be bounded at the group level by either both leverage and VaR constraints (dark

pink area) or only the VaR constraint (light blue area). Figure 4.3 compares the bank’s

optimal investments between the case where all constraints are applied at the group level

and the case in which the bank chooses to allocate both constraints to its business units.

We can see that the allocation of constraints leads to efficiency losses since the total

investments are reduced (see bottom right panel). As explained in the Section 4.4, these

losses are due to the fact that, when allocating regulatory constraints to its business units,
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Figure 4.3: Bank’s optimal investments
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Note: This figure compares the bank’s optimal investments in two cases:(i) when both regulatory con-
straints are applied at the group consolidated level and (ii) when the bank allocates both constraints to
its business units. In the top two panels, the red solid lines represent bank’s choices in the first case while
the blue dashed lines stand for bank’s choices in the second case. The two bottom panels represent the
difference in the total size of the bank’s balance sheet (bottom right panel) and in the fraction of the
balance sheet invested in lending business (bottom left panel) between the two cases. For all panels, the
dark pink area corresponds to the situation where both leverage and RW constrains bind at the group
level while in the light blue area, only RW constrain matters at the group level.

the bank cannot exploit the diversification of its investment portfolio to increase the total

size of the portfolio for each level of capital resource.

In term of the impact of the allocation on the bank’s asset risk, from the top left panel,

we can see that this impact depends on whether the bank is constrained only by the RW

constrains at the group level (light blue area) or by both (dark pink area). In line with

Proposition 4.3, when only the RW constraint matters at the consolidated level, the fact

that the bank requires all its business units to comply with both regulatory constraints will

lead to a distortion of investment policy in the sense that the bank will invest relatively

more into riskier business - lending - and reduce the size of less risky business - repo. This

in turn will increase the overall asset risk of the bank. When both constraints matter at
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the consolidated level, the impact on the bank’s asset risk is somehow ambiguous. When

K is very small, the asset risk is decreasing but when K is above some level, the bank’s

asset risk increases following the allocation of constraints.

For additional insights in terms of feasibility sets, we further breakdown the effect in

terms of optimal allocation and binding constraints for two values of K in Figure 4.4,

which correspond to the cases when the firm is both VaR and leverage ratio constrained

at optimum (K=100), and the VaR constrained bank (K=500). For K=100, cascading

constraints leads to an increase in the repo size, and a decrease in lending, which cor-

responds to an overall lower level of profits (see iso-profit curves in the corresponding

Figure). The most binding constraint will determine the feasibility set for each business

unit. We find that the feasibility set for L is determined by the VaR requirement, while

the repo unit will be bound by the leverage ratio requirement, and these will be the two

constraints that will bind at the optimum investment. For K=500, the bank is bounded

by the VaR requirement at the optimum investment level. Applying constraints leads to

a decrease in both lending and repo investment, and the effect of which constraint is most

binding is preserved as in the previous case. The most binding constraint result (VaR for

lending and leverage ratio for repo) corresponds to the first condition of proposition 4.3.
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Note: The 3 subplots: (i) on the left hand side capture an example for an initial value of capital (K=100)
when the bank is bounded at the group level by both the leverage ratio (LR gr dotted red line) and the
value at risk constraint (RWA gr blue solid line), (ii) on the right hand side capture the example for
K=500 where the bank is exclusively VaR constrained at optimum. In the top left and right figures, the
x-axis captures the investment in repo (X) and the y-axis the investment in lending (L). The optimum
investment at the group optimisation problem is denoted via the purple star ( optimum gr), and the
optimum investment for business line application of constraints is the yellow star ( optimum bl). The
thin lines depict the iso-profit curves at the optimal level of investment for group (iso-profit gr solid
light blue line), and for business line optimum ( iso-profit bl dotted green line). The middle row shows
the feasibility set and optimal investment of lending (opt L bl), when constraints - VaR (RWA L) and
leverage ratio (LR L) are applied at business line level in the case when K=100 (left middle) and K=500
(right middle) respectively. The last row captures the feasibility set and optimal investment of repo (opt
X bl), when constraints - VaR (RWA X) and leverage ratio (LR X) are applied at business line level in
the case when K=100 (left bottom) and K=500 ( right bottom). As we assume repo riskless, the RWA
constraint for repo is just the condition that profits are positive. The legend of the curves per each row
corresponds to both the LHS and RHS graph.
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4.7 Role of business model

As highlighted in the analytical part, the impact of the allocation of constraints on

banks’ investment decisions depends on the diversification benefits, which in turn depends

on the specific characteristics, such as riskiness, of their investments. We therefore expect

that this impact will vary with banks’ business model. In this section, we examine this

potential effect of business model. We first classify the 15 UK banks in our SNL dataset

into different business models. Then we recalibrate the model to each type and run the

numerical simulations. Note that since the limited number of UK banks in the SMMD

database that we use to calibrate the repo unit does not allow us to have a meaningful

business model classification, we focus here on the consequences of the difference in lending

business characteristics and funding structure between business models.

4.7.1 Business model classification and calibration

We classify our sample in three types of banks: capital market oriented, wholesale

and retail-funded banks using a bank business classification methodology proposed in

the seminal paper of Roengpitya et al. (2014). Roengpitya et al. (2014) use a statistical

clustering method based on various ratios of banks’ balance sheet which are informative

on the bank business model. They find that retail-funded banks have a high share of

gross loans and rely more on stable sources of funding, such as deposits. The wholesale-

funded banks have a lower percentage of funding coming from deposits, but a higher share

of inter-bank liabilities compared to retail banks. Lastly, the capital markets-orientated

banks have a much higher percentage in trading assets and liabilities compared to the

previous two types. The last type of banks has the highest ratio of inter-bank borrowing

as percentage of total assets and also display a lower reliance on stable funding. The paper

reports average values of these ratios to total assets, and we use them as a benchmark to

construct the selection criteria for our sample.

Due to limited data availability compared to the Roengpitya et al. (2014), we use a

restricted version of their selected ratios, and we adjust downwards the threshold criteria

to match our sample. Our criteria include: the ratio of customer deposits to total liabilities

for the stable source of funding ratio, the ratio of assets held for trading to total assets
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as a measure of tradable assets, loans to banks as fraction of total assets for our inter-

bank lending measure, and bank deposits to total liabilities as the bank deposit ratio.

Classifying these ratios based on observed bank characteristics from the Roengpitya et al.

(2014), we group our sample into 9 retail-funded, 5 wholesale-funded, and one capital

markets-orientated bank. Table 4.4 reports some characteristics of each business model

Table 4.4: Business model descriptives

Description Variable Values

Retail Wholesale Capital oriented

Interest rate unsecured debt R
0.0129
(47)

0.0094
(27)

0.0065
(4)

Leverage ratio LR
0.0549
(55)

0.0537
(39)

0.0457
(4)

Fully loaded risk weighted
capital ratio

0.2528
(43)

0.184
(24)

0.187
(8)

Loans to total assets L/total assets
0.7649
(63)

0.6601
(37)

0.3653
(6)

Percentage of impaired loans
to total loan size

1.11%
(53)

1.99%
(26)

2.74%
(2)

The number of observations is in brackets, unless otherwise stated.

We recalibrate the model to the different categories of banks. In this step, we combine

the last two groups and split our sample in ‘Retail banks’ and ‘Wholesale and capital

markets orientated’ since with only one capital market-oriented banks, the regression

analysis would not have enough observations to be reliable. We report the calibrated

values of different parameters for each types of banks in Table 4.5.

Comparing the borrowing cost R between retail banks, wholesale and capital markets-

oriented banks and our full sample, we see that the capital markets-oriented banks have

lowest cost of funding while retail banks have highest cost. To compare the risk char-

acteristics between these samples, we present the distribution of impaired loans and the

diversification benefits in Figure 4.5. We observe that wholesale and capital markets-

oriented banks have lowest level of risk in lending business and highest diversification

benefits in their investment portfolio.

Further, in Figure 4.6, we compare the two calibrated sets in terms of returns and

risk weights. The marginal returns of lending are higher for the retail bank group, and

decrease at a higher speed compared to the wholesale and capital market-oriented banks
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Table 4.5: Calibration UK business models

Description Parameters Retail banks Wholesale and cap.

Bank’s borrowing cost R 0.0129 0.009

Lending

Marginal return on loan g1 1.0369 1.03081

Curvature of loan return g2 −3.15 · 10−5 −1.03 · 10−5

Log-normal parameter of Z µlogZ -4.885 -3.97
(Mean Z ) (0.0118) (0.0207)

Log-normal parameter of Z σlogZ 0.945 0.429
(Standard deviation Z) (0.0142) (0.0093)

Figure 4.5: Risk characteristics and diversification benefits across business models
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Note: The left panel displays the different distributions of nonperforming loans to total loans (Z) based on
the calibrated values for the full sample, retail banks and wholesale and capital oriented banks (denoted
by wholesale in graph). The right panel captures the diversification benefits, defined as the RWA at
group level minus the RWAs of lending.

as seen in top left panel. The retail group has a higher variation in losses compared

to second group, and that can be seen via a higher value of Risk Weighted Assets in

the bottom left panel. The ARWs for retail are larger in absolute terms compared to

the wholesale and capital-markets oriented group (dotted blue line from top right panel

compared to dotted orange line from bottom right panel), but they are both above the

threshold χ
γ

= 35%. The difference between the two groups indicates that lending is a

more profitable investment relatively to repo for the retail banks compared to the second
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Figure 4.6: Bank’s characteristics business model comparison
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Note: This figure compares main characteristics of banks across business models. The top left panel
captures the marginal gross returns of lending, where the blue filled line is the marginal return of the
retail group (Ret retail), and the orange dotted one of the wholesale and capital orientated group (Ret
wholesale). The bottom left panel captures the total value of risk weighted assets of lending for the two
groups as a function of lending. In the two right panels we exemplify the average risk weights (ARW) and
the marginal RWA as a function of investment in lending for retail, and wholesale and capital oriented
banks respectively.

group, aspect which is later confirmed in the optimal investment solutions. Moreover,

given the stronger diminishing marginal returns in the retail group, we expect the overall

retail bank size to be smaller compared to the wholesale and capital bank size for equal

initial capital.

4.7.2 Numerical simulations for different business models

We now run the simulations for each of the two types of banks. Figure 4.7 compares

the optimal investments of both retail and wholesale and capital markets-oriented banks

between the case where all constraints are applied at the group level and the case in which

the bank chooses to allocate both constraints to its business units.
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We break down examples to exemplify how investment decisions and binding con-

straints change for different values of initial capital (K) that make the bank be either

leverage ratio constrained, VaR constrained, or both in Figure 4.8 for the retail group,

and in Figure 4.9 for the wholesale and capital-oriented group. In all cases we observe

a decrease in total investment from the group optimisation problem (purple star in top

row) compared to the optimisation solution when constraints are applied at business line

level (yellow star in top row). The feasibility sets and binding constraints at business unit

depicted in the middle and bottom rows relate to the conditions from Proposition 4.2 and

4.3 in terms of the average risk weight relationship to χ
γ
. In all cases, the leverage ratio

binds the repo unit, and the VaR binds the lending unit

Three main observations are in order here. First the situation in which the leverage

constraint binds at the group consolidated level happens only with wholesale and capital

market-oriented banks but not for retail banks. Note also that since in this simulation,

we assume that repo business is riskless, the average risk weight of repo business for both

types of banks is lower than 35%. This difference can therefore be explained by the fact

that the average risk weight of the lending business for both types of banks is higher than

χ
γ

= 35% but the diversification benefits of the wholesale banks would be higher than

retail banks as shown in Figure 4.5.

Second, there is a stark difference in the impact of the allocation of constraints on the

banks’ asset risk between retail type and wholesale and capital markets-oriented type in

the case where only VaR constraint matters at the group level (beige area in Figure 4.7).

Precisely, in this case, while the allocation of constraints results in an increase in asset

risk of retail banks, it brings about a decrease in asset risk of wholesale banks.

Finally, when comparing the simulation results of each type of banks with the ones of

our full sample, we could see that the average bank in our full sample behave in a very

similar way with retail banks.



Figure 4.7: Optimal investment comparison
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Note: This figure compares the optimal investments of retail and wholesale and capital markets-oriented
banks in two cases:(i) when both regulatory constraints are applied at the group consolidated level and
(ii) when the bank allocates both constraints to its business units. In the 4 top panels, the red solid lines
represent bank’s choices in the first case while the blue dashed lines stand for bank’s choices in the second
case. The first row of panels shows the retail banks group results, while the second row displays the results
of the wholesale and capital orientated markets bank group. The panels in the third and 4th column
represent the difference in the total size of the bank’s balance sheet (forth top and bottom panels) and in
the fraction of the balance sheet invested in lending business (third top and bottom panel) between the
two cases. For all panels, the dark pink area corresponds to the situation where the leverage constraint
binds at the group level; the light blue area to the case in which both leverage and RW constrains bind;
the beige are to the case only RW constraint matters and finally the green area is when no constraints
bind. Notice how for retail we have only the case when either both RW constraint and LR bind at group
level, or when only the RW constraint binds.



Figure 4.8: Optimal allocation and binding constraints - retail banks example
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Note: For the retail group calibration: First column exemplifies the case when the bank is both leverage
ratio and RW bounded at optimum group level. The second column shows an RW only bounded bank
(for K=500). The top row displays the feasibility set at group level determined by the RW constraint
(RWA gr) and the leverage ratio (LR gr), the optimal levels of investment at group (optimum gr) and
business line optimization (optimum bl), and the corresponding iso-profit curves for group (iso-profit gr)
and business line allocation (iso-profit bl). The middle and bottom rows show the feasibility sets and
their respective optimal investments and capital allocation for lending (middle row) and repo (bottom
row) for the case when constraints are allocated at business unit level. As we assume repo riskless, the
RW constraint for repo is just the condition that profits are positive.



Figure 4.9: Optimal allocation and binding constraints example - wholesale and capital-
orientated firms
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Note: For the wholesale and capital-orientated group calibration: First column exemplifies the case when
the bank is leverage ratio bounded at optimum (K=500). Second column shows the situation when the
bank is both RW and leverage ratio constrained (K=900), and the third column exemplifies an RW
bounded bank (K=1500). The top row displays the feasibility set at group level determined by the RW
constraint (RWA gr) and the leverage ratio (LR gr), the optimal levels of investment at group (optimum
gr) and business line optimization (optimum bl), and the corresponding iso-profit curves for group (iso-
profit gr) and business line allocation (iso-profit bl). The middle and bottom rows show the feasibility
sets and their respective optimal investments and capital allocation for lending (middle row) and repo
(bottom row) for the case when constraints are allocated at business unit level. As we assume repo
riskless, the RW constraint for repo is just the condition that profits are positive.
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4.8 Conclusion

In this paper we evaluate the risk-taking implications of introducing the leverage ratio

requirement. More precisely, we assess how banks’ asset risk depends on whether the

bank applies the leverage ratio requirement at the consolidated level alone, or at each

individual business line. We construct a two-period theoretical model where the bank has

two business units defined by two investment opportunities: a riskier one which yields

a higher margin, and a less risky one which has low returns. We refer to these units as

lending and repo business. We further calibrate the model to UK banks, which yields

additional insights into the effects of applying the constraint at the group level alone, or

at the individual business lines, and how do these effects depend on the business model

of the banks.

We find that the effects on asset risk depend on the most binding constraint at the

banks’ consolidated level, on the average risk weights of each unit, and on the diversifi-

cation gains from applying the risk-weighted requirement exclusively at the consolidated

level or at the business unit level. Firstly, when requirements are applied exclusively at

consolidated level, the bank has diversification benefits to its investment portfolio as the

two units can complement each other: the leverage ratio has a relatively higher capital

impact on the repo unit, while the risk-weighted asset requirement penalizes more the

lending unit. Hence, allocating constraints at business units instead can lead to a loss of

the diversification benefit. We find that this leads to either the same, or a decrease in

total investment.

In terms of most binding constraints, when the bank is bounded by the leverage ratio at

the group level, we find that allocating requirements to business units leads to no increase

in risk taking. As long as both business units have average risk weights below a certain

threshold on a stand-alone basis, then optimal investment is not affected by the level at

which the regulatory requirements are applied. If the average risk weights are higher than

the threshold, then requiring each of the business units to comply to the leverage ratio

requirement will lead to a decrease of investment in the lending unit. In the case when

the bank is bounded by the VaR requirement at a group level, allocating constraints to

business units leads to a distorted investment decision. If allocating constraints leads to
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a VaR constrained lending unit, and a leverage ratio constrained repo unit, and the bank

has decreasing diversification benefits from applying the risk-weighted capital requirement

at the consolidated level, then allocating requirements at business units most likely leads

to an increase in the relative investment in lending as compared to the total investment.

We capture additional insights when we calibrate the model to UK banks in terms of

efficiency losses and the impact on asset risk of allocating constraints to business units.

If only the risk-weighted requirement matters at the consolidated level, we find that the

investment is distorted, leading to a higher relative investment in the riskier unit. Both the

efficiency loss and risk taking effects diminish as the overall investment size increases. If

the bank is bounded by the VaR and leverage ratio requirement, the results are ambiguous

in terms of asset risk.

We find that allocating constraints to business units generally lead to higher bank asset

risk, and efficiency losses in terms of total investment. The only case when investment

decisions are not distorted is when the bank is bounded by the leverage ratio at group

level, and the average risk weights on a stand-alone basis are below 35% for UK. The

decrease in total investment size is observed for banks which are bounded either by the

risk-weighted requirement, or by both the VaR and the leverage ratio requirement at

consolidated level. The effect on risk-taking is ambiguous, and depends on the risk profile

and marginal returns and costs of the different bank groups. When we calibrate the model

based on different business models, we find that applying constraints at business units

leads to an increase in risk taking for retail banks, while we obtain the opposite effect

for wholesale and capital-orientated banks. These results depend on the different factors

explained above.

From a policy perspective, our paper generates useful insights on the current debate

on what is the appropriate level of application of the leverage ratio requirement. We

highlight the potential cost when applying this requirement at the business unit level since

it can induce banks to increase their asset risk and to decrease their overall investment,

generating inefficiency losses. A key insight is that the impact on risk-taking differs across

bank types, depending on which regulatory requirement (RWA or leverage ratio) matters

most for the bank at group level. Hence we argue that any new policy should be tailored to
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bank business models which in turn relates to the most binding constraint, as it otherwise

leads to distorted asset risk decisions.

In further work we aim to expand the model to cross-lending, where one of the two

business units funds the other. The cash generated in the repo transaction can be used

as a source of cheap funding for the banks’ lending unit. Moreover, at the moment we

analyse the extreme case when banks cascade down completely their requirements at

business line levels. What we observe in practice is that banks also attach specific weights

to the two requirements when they apply the constraints at business unit levels, with

the highest weight given to the most binding constraint. We aim to further enhance this

research work by analysing the effects of attaching different weights to each of the two

requirements.
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Appendix C

C.1 Maximisation problem at group and business line

level

Maximisation problem at group

We define the lending profit as:

Π̃L = G(L)− Z̃L−R(L−KL) (C.1)

E
[
Π̃L

]
= G(L)− µZL−R(L−KL) (C.2)

and the repo unit profit as:

Π̃X = F (X) + c(X)− ε̃L−R(L−KX) (C.3)

E
[
Π̃X

]
= F (X)− µεX −R(L−KX) (C.4)

We further combine equations (C.2) and (C.4) and write the joint expected profit as:

E
[
Π̃
]

= G(L) + F (X) + cX − µZL− µεX −R(X + L−K)

Hence, the optimization problem at the group level can be written as:

Max
L,X

G(L) + F (X) + cX − µZL− µεX −R(X + L−K)
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s.t.

P
(

Π̃ ≤ 0
)
≤ a

K

L+ αX
≥ χ

We can re-write the first constraint as

P
(
G(L) + F (X) + cX −R(X + L−K) ≤ µZL+ µεX

)
≤ a =⇒

1− P
(
G(L) + F (X) + cX −R(X + L−K) ≤ µZL+ µεX

)
≥ 1− a ⇐⇒

P
(
G(L) + F (X) + cX −R(X + L−K) ≥ µZL+ µεX

)
≥ 1− a ⇐⇒

P
(
µZL+ µεX ≤ G(L) + F (X) + cX −R(X + L−K)

)
≥ 1− a

Define V aRα(Y ) of a Random Variable Y at confidence level α as:

V aRα ≡ inf{y : P(Y ≤ y) ≥ α}

This implies that the first constraint can be interpreted in terms of VaR as:

V aR1−a(Z̃L+ ε̃X) ≤ G(L) + F (X) + cX −R(X + L−K) =⇒

V aR1−a(Z̃L+ ε̃X) ≤ G(L) + F (X) + cX −R(X + L) +RK =⇒

K ≥ V aR1−a(Z̃L+ ε̃X)−G(L) + F (X) + cX −R(X + L)

R

The optimization problem at the group’s level becomes:

Max
L,X

G(L) + F (X) + cX − µZL− µεX −R(X + L−K)

s.t.

K ≥ V aR1−a(Z̃L+ ε̃X)−G(L) + F (X) + cX −R(X + L)

R

K ≥ χ(L+ αX)
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We further define the following variables:

Π(L,X) = G(L) + F (X) + cX −R(L+X)

S = L+X

w =
L

S

1− w =
X

S

Z̃L+ ε̃X = Z̃wS + ε̃(1− w)S =
(
Z̃w + ε̃(1− w)

)
S

Moreover, we show that the VaR requirement satisfies positive homogeneity:

For a Random Variable L̃, and every λ > 0:

V aRα(Y ) = inf{y : P(Y ≤ y) ≥ α}

V aRα(λY ) = inf{y′ : P(λY ≤ y′) ≥ α} =⇒

P(λY ≤ y′) ≥ α ⇐⇒ P(λY ≤ y′) ≥ α( since λ > 0) =⇒
y′

λ
= inf{t : P(λY ≤ t) ≥ α} =⇒ y′

λ
= y =⇒ V aRα(λY ) = λV aRα(Y )

We further apply the positive homogeneity property of VaR to the first constraint in

our maximisation problem, and rewrite the VaR using the new notation as:

V aR1−a

[(
Z̃w + ε̃(1− w)

)
S
]

= SV aR1−a

[
Z̃w + ε̃(1− w)

]
Hence, the optimization problem at group level can be summarized in:

Max
S,w

{G(wS) + F ((1− w)S) + c(1− w)S −RS +RK)} (C.5)

subject to

K ≥ V aR1−a(Zw + (1− w)ε)S − Π(w, S)

R
(C.6)

K ≥ χ (wS + α(1− w)S) (C.7)
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Maximisation problem at business unit level

At business unit level, the optimization problem reads:

Max
L,X

G(L) + F (X) + cX − µZL− µεX −R(X + L−K)

s.t.

P
(
G(L)−R(L−KL) ≤ Z̃L

)
≤ a

P (F (X) + cX −R(X −KX) ≤ ε̃) ≤ a

KL ≥ χL

KX ≥ χαX

K≥KL +KX

In a similar fashion as for the group VaR constraint, we can re-write the VaR con-

straints of lending and repo unit. The VaR of lending is:

P
(
G(L)−R(L−KL) ≤ Z̃L

)
≤ a ⇐⇒

P
(
Z̃L ≤ G(L)−R(L−KL)

)
≥ 1− a ⇐⇒

V aR1−a(Z̃L) ≤ G(L)−RL+RKL ⇐⇒

KL ≥
V aR1−a(Z̃L)− (G(L)−RL)

R
⇐⇒

KL ≥
SV aR1−a(Z̃w)− (G(wS)−RwS)

R

In a similar way we can rewrite the VaR constraint of repo:

KX ≥
SV aR1−a(ε̃(1− w))−

(
F [(1− w)S] + c(1− w)S −R(1− w)S)

)
R
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This implies that we can rewrite the optimization problem at business unit level with

constraints (4.16), (4.17), re-written below:

Max
S,w

{G(wS) + F ((1− w)S) + c(1− w)S −RS +RK)}

s.t.

KL ≥
V aR1−a(Zw)S − ΠL(w, S)

R
(C.8)

KX ≥
V aR1−a((1− w)ε)S − ΠX(w, S)

R
(C.9)

KL ≥ χwS (C.10)

KX ≥ χα(1− w)S (C.11)

KL +KX ≤ K (C.12)

C.2 Lagrangian and FOC’s for group level maximi-

sation problem

For reference, we define only once the corresponding Lagrangian and first order condi-

tions for the group level maximisation problem, and in further subsections of the appendix

we will refer to parameters of shadow values as described in this subsection.

The Lagrangian reads:

Λg =Π(S,w)− µZwS − µε(1− w)S +RK

+ λV aR

(
K − V aR1−a(Z̃w + (1− w)ε̃)S − Π(w, S)

R

)
+ λLR(K − χ

(
w + α(1− w)

)
S)

The FOC’s are:

∂Λg

∂S
=
∂Π(S,w)

∂S
− µZw − µε(1− w)− λV aR

V aR1−a(Z̃w + (1− w)ε̃)

R
+
λV aR
R

∂Π(w, S)

∂S

− λLRχ
(
w + α(1− w)

)
= 0
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∂Λg

∂w
=
∂Π(S,w)

∂w
− µZS + µεS −

SλV aR
R

∂V aR1−a(Z̃w + (1− w)ε̃)

∂w

+
λV aR
R

∂Π(w, S)

∂w
− λLRχ(1− α)S = 0

From now on, when we denote λLR, λV aR we refer to the shadow values of the two con-

straints as described above.

C.3 Lagrangian and FOC’s for business units max-

imisation problem

Hereby we define the corresponding Lagrangian and the FOC’s for the business unit

maximisation problem.

Λb =Π(S,w)− µZwS − µε(1− w)S +RK + λLV aR

(
KL −

V aR1−a(Z̃w)S −G(wS) +RwS

R

)
+ λXV aR

(
KX −

V aR1−a(ε̃(1− w))S − F
(
(1− w)S

)
− c(1− w)S +R(1− w)S

R

)
+ λLLR(KL − χwS) + λLR

X(KX − χα(1− w)S + λK(K −KL −KX)

The FOC’s are:

∂Λb

∂S
=
∂Π(S,w)

∂S
− µZw − µε(1− w)− λLV aR

V aR1−a(Z̃w)

R
+
λLV aR
R

(∂G(wS

∂S
−Rw

)
+
λXV aR
R

(∂F ((1− w)S

∂S
+ c(1− w)−R(1− w)

)
− λXV aR

V aR1−a(ε̃(1− w)

R

− λLLRχw − λXLRχα(1− w) = 0

∂Λb

∂w
=
∂Π(S,w)

∂w
− µZS + µεS −

SλLV aR
R

∂V aR1−a(Z̃w)

∂w
+
λLV aR
R

(∂G(wS

∂w
−RS

)
− SλXV aR

R

∂V aR1−a(ε̃(1− w)

∂w
+
λXV aR
R

(∂F ((1− w)S

∂w
− Cs+RS

)
− λLLRχS + λXLRχαS = 0
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∂Λb

∂KL

= λLV aR + λLLR − λK = 0

∂Λb

∂KX

= λXV aR + λXLR − λK = 0

From now on, when we denote λXLR, λ
X
V aR, λ

L
LR, λ

L
V aR, λK we refer to the shadow values of

the constraints as described above.

C.4 Proof of Proposition 4.2

Here the prove the results for when the bank is bounded by the leverage ratio (LR) at

the group level. We start by restating the bank’s maximisation problem at consolidated

level:

Max
S,w

{G(wS) + F ((1− w)S) + c(1− w)S −RS +RK)}

subject to

K ≥ V aR1−a(Zw + (1− w)ε)S − Π(w, S)

R
(C.13)

K ≥ χ (wS + α(1− w)S) (C.14)

where the first constraint is the VaR at group level - equation (C.13), and the second

captures the leverage constraint - equation (C.14).

The problem at business line level reads:

Max
S,w

{G(wS) + F ((1− w)S) + c(1− w)S −RS +RK)}

s.t.

KL ≥
V aR1−a(Zw)S − ΠL(w, S)

R
(C.15)

KX ≥
V aR1−a((1− w)ε)S − ΠX(w, S)

R
(C.16)
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KL ≥ χwS (C.17)

KX ≥ χα(1− w)S (C.18)

KL +KX ≤ K (C.19)

where

ΠL(w, S) = G(wS)−RwS and ΠX(w, S) = F ((1− w)S) + c(1− w)S −R(1− w)S

where the first two constraints are the VaR equations for lending and repo respectively

(C.15), and (C.16), followed by the business line leverage constraint equations (C.17) and

(C.18), and the maximum capital available for each business unit - equation (C.19).

Proof of first bullet of proposition 2

Proof. Denote by (wG, SG) the solution to the problem at consolidated level when the

leverage constraint is binding, that means: (wG, SG) satisfy constraints (C.14) and (C.13),

and (C.14) is satisfied with equality:

K =χ(wGSG + α(1− wG)SG)

K >
V aR1−a(Zw

G + (1− wG)ε)SG − Π(wG, SG)

R

Note that (wG, SG) will satisfy all constraints from the business line level -equations (C.15)

– (C.19) if and only if:

RHS of (C.17) ≥ RHS of (C.15)

RHS of (C.18) ≥ RHS of (C.16)



C.4 Proof of Proposition 4.2 165

The condition translates to:
χwS ≥ SV aR1−a(Z̃w)−

(
G(wS)−RwS

)
R

χα(1− w)S ≥
SV aR1−a((1−w)ε̃)−

(
F [(1−w)S]+c(1−w)S−R(1−w)S

)
R

This is equivalent with:χwS ≥ γRWAS(L)

χ(1− w)S ≥ γRWAS(X)

⇐⇒


RWAS(L)

wS
≤ χ

γ

RWAS(X)
(1−w)S

≤ χ
γ

Hence, when the conditions stated above are satisfied, then (wG, SG) satisfy all con-

straints of the bank’s problem at business line level, which implies that:

1. (wG, SG) belong to the feasible set of the bank’s problem at business unit level.

2. The feasible set of the problem at business unit level is smaller than the feasible set

of the problem at consolidated level.

From the two points above, we conclude that (wG, SG) are also the solution to the bank’s

problem at the business unit level.

Proof of second bullet of proposition 2

Proof. In a similar fashion, we can show that if both business units have average risk

weights above χ
γ

on a stand-alone basis, then by requiring each of its two business units to

satisfy the two regulatory constraints, the bank reduces the share of its lending business

as compared to the case in which all the constraints are applied at the group’s level.

The condition for which the solution (wG, SG) is also a solution for the business line

level problem is stated above in terms of average risk weights. Hence, if
χwS <

SV aR1−a(Z̃w)−
(
G(wS)−RwS

)
R

χα(1− w)S <
SV aR1−a((1−w)ε̃)−

(
F [(1−w)S]+c(1−w)S−R(1−w)S

)
R

(C.20)
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then (wG, SG) is no longer a solution for the business line level problem, and SG is larger

than the maximum feasible level of total investment in this case. The system of equations

above implies that

χ
(
w + (1− w)α)S <

S
(
V aR1−a(Z̃w) + V aR1−a((1− w)ε̃)− Π(w, S)

)
R

In terms of risk weights, we can interpret the system C.20 as:average risk weights of lending > χ
γ

average risk weights of repo > χ
γ

In this case, both businesses are quite risky, but diversification benefit is large, which

leads to the situation in whichbusiness unit level: VaR constraint more important

but at the group level: LR is more important

At the group level, LR is binding, and in terms of shadow values of the Lagrangian, we

can write: λV aR = 0

λLR ≥ 0

This implies that the solution at the group level (wG, SG) is characterized by:


∂Π(SG,wG)

∂S
− µZwG − µε(1− wG)− λLRXχ

(
w + α(1− w)

)
= 0

∂Π(SG,wG)
∂w

− µZwG − µε(1− wG)− λLRχ(1− α)SG = 0

(C.21)

Let (wB, SB) be the solution for the bank’s maximisation problem at business unit level.

At the business unit level, if condition C.20 is satisfied, then if there is a binding constraint,
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if should be VaR constraints. In terms of shadow values, this reads as:λ
L
LR = 0; λXLR = 0

λLLR ≥ 0; λXV aR ≥ 0

Moreover, from the two FOC’s for KL and KX , combining the equations above, it

implies that λLV aR = λXV aR. The solution (wB, SB) at the business unit level satisfies the

following 2 equalities:

∂Π(SB, wB)

∂S
− µZwB − µε(1− wB)− λLV aR

R

(
V aR1−a(Z̃w

B) + V aR1−a((1− wB)ε̃)
)

+
λLV aR
R

∂Π(wB, SB)

∂S
= 0 (C.22)

∂Π(SB, wB)

∂w
− µZSB + µεS

B − SBλLV aR
R

(∂V aR1−a(Z̃w
B)

∂w
+
∂V aR1−a((1− wB)ε̃)

∂w

)
+
λLV aR
R

∂Π(wB, SB)

∂S
= 0 ⇐⇒

∂Π(SB, wB)

∂w

(
1 +

λLV aR
R

)
− µZS + µεS

B =
SBλLV aR

R

(
V aR1−a(Z̃)− V aR1−a(ε̃)

)
(C.23)

Hence, to compare (wG, SG) and (wB, SB) we know that (wG, SG) satisfies (C.21) i.e.

∂Π(SG, wG)

∂w
− µZSG + µεS

G = λLRχ(1− α)SG︸ ︷︷ ︸
≤0

In contrast, (wB, SB) satisfies (C.23), i.e.

∂Π(SB, wB)

∂w

(
1 +

λLV aR
R

)
− µZSB + µεS

B =
λLV aR
R

SB
(
V aR1−a(Z̃)− V aR1−a(ε̃)

)
︸ ︷︷ ︸

≥0

Combining the two, it implies that wB < wG, which is the second result in proposition

2.
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C.5 Proof of Proposition 4.3

Let wG, SG be the solution at the group level. In this case, in terms of constraints at

optimum:

K =
SGV aR1−a

(
Z̃wG + (1− wG)ε̃

)
− Π(wG, SG)

R

K >χ
(
wG + α(1− wG)

)
SG

Remark 1. wG, SG can not be a solution to the problem at business unit level since wG, SG

cannot satisfy VaR constraints at business level.

Proof. Indeed, since

SGV aR1−a
(
Z̃wG + (1− wG)ε̃

)
− Π(wG, SG)

R
<
SGV aR1−a

(
Z̃wG)−

(
G(wGSG)−RwGSG

)
R

+
SGV aR1−a((1− wG)ε̃)−

[
F ((1− wG)SG) + c(1− wG)SG −R(1− wG)SG

]
R

This inequality implies that K ≤ KL + KX : contradiction with the condition that

K ≥ KL +KX .

Remark 2. In the case where banks are bounded by VaR constraint at the group level,

when constraints are cascaded down, it can not happen that:RHS of (C.18) ≥ RHS of (C.16)

RHS of (C.17) ≥ RHS of (C.15)

Remark 3. For the optimization problem at the business unit level, it can not happen

that one business is bounded by some constraint while the other is not bounded by any

constraint.
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Remarks 1,2, and 3 imply that when the bank is bounded by VaR constraint at the

group level, when the constraint is cascaded down, there are 4 possible cases:

A.

only VaR is binding for lending

only VaR is binding for Repo

⇐⇒

λ
L
V aR = λXV aR > 0

λLLR = 0;λXLR = 0

(C.24)

B.

only VaR is binding for lending

only LR is binding for Repo

⇐⇒

λ
L
LR = λXV aR = 0

λLV aR = λXLR = 0

(C.25)

C.

only LR is binding for lending

only VaR is binding for Repo

⇐⇒

λ
L
V aR = λXLR = 0

λLLR = λXV aR > 0

(C.26)

D. All 4 constraints are binding (C.27)

We will consider case B. At the business unit level, (wB, SB) is defined by :

G′(wBSB) + F ′((1− wB)SB)(1− wB) + c(1− wB)−R =

µZw
B + µε(1− wB) +

λLV aR
R

(
V aR1−a(Z̃w

B)−G′(wBSB)wB +RwB
)

(C.28)

G′(wBSB)− F ′((1− wB)SB)− c = µZ − µε +
λLV aR
R

(
V aR1−a(Z̃ −G′(wBSB) +R)− λLV aRχα

(C.29)
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At the group level, the solution wG, SG is defined by:

G′(wGSG)wG + F ′((1− wG)SG)(1− wG) + c(1− wG)−R =

µZw
G + µε(1− wG) +

λV aR
R

(
V aR1−a(Z̃w

G + (1− wG)ε̃−G′(wGSG)wG +RwG
)

(C.30)

G′(wGSG)− F ′((1− wG)SG)− c = µZ − µε

+
λV aR
R

(∂V aR1−a(Z̃w
G + (1− wG)ε̃)

∂w
−G′(wGSG) +R

)
+
λV aR
R

(
F ′((1− wG)SG) + c−R

)
(C.31)

The second equation from (C.29) can be written as:

G′(wBSB)− F ′((1− wB)SB)− c =µZ − µε + λLV aR
(V aR1−a(Z̃ −G′(wBSB) +R

R

)
︸ ︷︷ ︸

marginal RWA L

− λLV aRχα

The second equation from (C.31) can be written as:

G′(wGSG)− F ′((1− wG)SG)− c = µZ − µε + λLV aR

(V aR1−a(Z̃ −G′(wGSG) +R

R

)
︸ ︷︷ ︸

marginal RWA L

− λV aR
V aR1−a(ε̃)− F ′((1− wG)SG)− c+R

R︸ ︷︷ ︸
marginal RWA X

− λV aR
R

(
−∂V aR1−a(Z̃w

G + (1− wG)ε̃

∂w
+ V aR1−a(Z̃ − V aR1−a(ε̃)

)
︸ ︷︷ ︸

marginal diversification benefit

Hence, combining the two,

G′(wBSB)− F ′((1− wB)SB)− c < G′(wGSG)− F ′((1− wG)SG)− c
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if χα >
V aR1−a(ε̃)−F ′((1−wG)SG)−c+R

R

V aR1−a(Z̃)− V aR1−a(ε̃)− ∂V aR1−a(Z̃wG+(1−wG)ε̃)
∂w

≤ 0

(C.32)

The first equation from the system above means that for the repo business, the marginal

required capital from leverage constraint > marginal required capital from risk-weighted

constraint. The second equation can be interpreted as diversification benefits decrease

with w. Using Taylor approximation:

G′(wBSB)− F ′((1− wB)SB)− c = G′(wGSG)− F ′((1− wG)SG)− c

+
( ∂G′
∂w

(wG, SG)− ∂F ′

∂w
(wG, SG)︸ ︷︷ ︸

< 0

)
(wB − wG)

+
(∂G′
∂S

(wG, SG)− ∂F ′

∂S
(wG, SG)

)
(SB − SG)

Therefore, wB > wG if

[
G′(wBSB)− F ′((1− wB)SB)− c− (G′(wGSG)− F ′((1− wG)SG)− c)

]
−
( ∂G′
∂S

(wG, SG)− ∂F ′

∂S
(wG, SG)︸ ︷︷ ︸

> 0 if w is not too high

)
(SB − SG)︸ ︷︷ ︸

< 0

< 0 ⇐⇒

G′(wBSB)− F ′((1− wB)SB)− c− (G′(wGSG)− F ′((1− wG)SG)− c) is low enough ⇐⇒

(G′(wGSG)− F ′((1− wG)SG)− c)︸ ︷︷ ︸
marginal benefit at the group optimum

− (G′(wBSB)− F ′((1− wB)SB)− c)︸ ︷︷ ︸
marginal benefit at the business level optimum

is high enough.
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Nederlandse Samenvatting

(Summary in Dutch)

Dit proefschrift richt zich op twee bancaire instrumenten die bedoeld zijn om de bank-

kapitalisatie te vergroten en de excessieve die zijn ontstaan sinds de financiële crisis van

2008 te verminderen. De eerste twee hoofdstukken bespreken Contingent Convertible

Capital, en het derde hoofdstuk gaat in op de leverage ratio-eisen en de repomarkt.

Contingent Convertible Capital (CoCo’s) zijn effecten die als schuld fungeren en worden

omgezet in eigen vermogen of (gedeeltelijk) afgeschreven wanneer het kapitalisatieniveau

van de bank lager is dan een bepaalde vooraf bepaalde ratio van Core Equity Tier 1

(CET1) ten opzichte van Risico-gewogen activa. In hoofdstuk 2 ontwikkel ik een theo-

retisch model om het effect van een bank met meerdere CoCo’s op de bankbalans op de

financiële stabiliteit te onderzoeken, aan de hand van cash-in-the-market pricing (Allen

and Gale, 1994) en global games (Goldstein and Pauzner, 2005) methodologieën. Ik ana-

lyseer CoCo-buffers met triggers op verschillende kapitalisatieniveaus, en ik concludeer

dat deze een negatief effect hebben voor de bail-in-capaciteit van CoCo’s. Market-based

triggers leiden tot voortijdige conversie en overhaast verkoop van eigen vermogen. Ik

vergelijk de belangrijkste kenmerken van CoCo’s in termen van vermogensoverdracht en

het type mechanische trigger voor banken met tweelagige CoCo-structuren, en beargu-

menteer dat book-based triggers vanuit stabiliteitsperspectief het meest voordelig kunnen

zijn, zolang ze de verwachte kredietverliezen in acht nemen. In hoofdstuk 3, geschreven

met Sweder van Wijnbergen en Mahmoud Fatouh, bekeken wij of de impact van CoCo’s

en de vermogensoverdrachten die daardoor ontstaan, afhankelijk is van het risicogedrag

van de bank die ze uitgeeft. We bekijken ook regelgevingsarbitrage: proberen banken
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door het uitgeven van CoCo-obligaties risicovolle prikkels om risico te nemen in stand te

houden wanneer toezichthouders deze verminderen door hogere kapitalisatieratio’s? We

testen het op een dataset van Britse banken, die samen de meeste CoCo- uitgaven in

Europa hebben. Onze dataset combineert bankbalansgegevens met interne metingen van

de Bank of England op bankconcurrentie en macro-economische onzekerheid in het VK.

Bijna alle CoCo-obligaties die we bestuderen converteren naar aandelen, en we bereke-

nen de verwachte vermogensoverdracht die zal ontstaan bij de conversie, op basis van

historisch waargenomen dalingen van aandelenkoersen in tijden van crisis. We gebruiken

parametrische (Heckman, 1976), semi-parametrische (Cosslett, 1991; Ahn and Powell,

1993) en niet-parametrische (Lee, 2009; d’Haultfoeuille et al., 2019) schattingen die de

selectie-effecten bepalen, en daarnaast evalueren we de impact van CoCo’s met behulp

van statisch- (gepoolde OLS) en dynamisch- (Arellano-Bond) gespecificeerde modellen.

Hoewel we op selection bias testen en deze afwijzen, laten we zien dat de uitgifte van

CoCo-obligaties een sterk positief effect heeft op risico-nemend gedrag, wat ook geldt

voor conversieparameters die de verwatering voor bestaande aandeelhouders bij conver-

sie verminderen. Een hogere volatiliteit versterkt de impact van CoCo-obligaties op het

risico-nemend gedrag. In hoofdstuk 4, dat in samenwerking met Quynh-Anh Vo is geschre-

ven, onderzoeken we hoe het niveau waarop banken regelgevingsbeperkingen toepassen

van invloed is op hun investeringen en hun activarisico . We ontwikkelen een theoretisch

model en kalibreren dit voor Britse banken. De bank kan een portefeuillemix kiezen van

een belegging met een hoog risico en een hoge marge, die we modelleren als kredietver-

lening, en een belegging met een laag risico en een lage marge waarvoor we de Britse

goudrepomarkt gebruiken. We gebruiken bankbalansgegevens en een vertrouwelijke gege-

vensset van de Bank of England over Britse gilt repotransacties voor onze kalibratie. Onze

belangrijkste bevinding is dat de impact aanzienlijk verschilt afhankelijk van welke regel-

gevende beperkingen op het geconsolideerde niveau van de groep belangrijk zijn. Zolang

op geconsolideerd niveau alleen de leverage constraint van belang is, heeft de allocatie van

restricties geen negatieve impact op de veerkracht van banken. Het zou echter kunnen

leiden tot een toename van het activarisico van banken in het geval dat alleen de Value-at-

Risk-beperking op groepsniveau van belang is. We constateren ook dat het bedrijfsmodel

van banken van belang is voor deze kwestie. We splitsen onze steekproef met behulp van
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de methodologie van beschreven door Roengpitya et al. (2014) op in kapitaalgeoriënteerde

wholesalebanken en retailbanken, en stellen vast dat de retailgroep vergelijkbare resulta-

ten heeft wat betreft het nemen van risico’s als de gemiddelde bank, terwijl de wholesale-

en kapitaalgeoriënteerde groep tegenovergestelde resultaten opleveren.
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750. S. GARCIA-MANDICÓ, Social Insurance, Labor Supply and Intra-Household Spillovers

751. Y. SUN, Consumer Search and Quality

752. I. KERKEMEZOS, On the Dynamics of (Anti) Competitive Behaviour in the Airline

Industry

753. G.W. GOY, Modern Challenges to Monetary Policy

754. A.C. VAN VLODROP, Essays on Modeling Time-Varying Parameters

755. J. SUN, Tell Me How To Vote: Understanding the Role of Media in Modern Elec-

tions

756. J.H. THIEL, Competition, Dynamic Pricing and Advice in Frictional Markets: The-

ory and Evidence from the Dutch Market for Mortgages

757. A. NEGRIU, On the Economics of Institutions and Technology: a Computational

Approach

758. F. GRESNIGT, Identifying and Predicting Financial Earth Quakes using Hawkes

Processes

759. A. EMIRMAHMUTOGLU, Misperceptions of Uncertainty and Their Applications

to Prevention

760. A. RUSU, Essays in Public Economics



761. M.A. COT, OFAN, Essays in Applied Microeconomics: Non-Monetary Incentives,

Skill Formation, and Work Preferences
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