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Abstract
In this paper, we estimate the probability of a financial institution breaching the Com-
monEquityTier 1 capital underBasel III rules.Wedo soby applying theMertonmodel,
where balance sheet data and market data are used to match the probability of default
implied by the model with the probability of default implied by market quotations for
credit default swaps. We provide an empirical analysis for several banks classified by
the Financial Stability Board and the Basel Committee on Banking Supervision as
Global Systemically Important Financial Institutions, evaluating how the probability
of breaching the Common Equity Tier 1 Capital evolved from 2005 to 2015. We find
that higher Common Equity Tier 1 Capital ratios do not necessarily imply lower prob-
abilities of breaching capital requirements and vice versa. We also focus on the asset
volatility calibrated according to our model and we find that it appears to be a good
proxy for the risk-weighted asset density.
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1 Introduction

Capital adequacy is a priority which banking supervision authorities have addressed
on an ongoing basis since 1988 (the first Basel Accord, initially drafted by the central
banks of 13 members of the Organisation for Economic Development). Regulatory
capital requirements defined by the Basel Committee on Banking Supervision (BCBS)
have changed substantially from the first release. Over the last decades, according to
the European Parliament (2016, p. 1), the regulatory frameworks for capital adequacy
“have shifted from simplicity to risk-sensitivity, probably at the expense of trans-
parency and comparability of capital positions across banks”.

Since the crisis period, banks are simultaneously facing times of tight capital ratios,
unfavourable market conditions, and an extensive use of accounting discretion1 (e.g.
the use of Internal Rating Based models). In order to restore confidence in the banking
systemand to create a safer global economic system (Morkoetter et al. 2014;Alexander
et al. 2014) spawned by the financial meltdown, the BCBS has updated the existing
capital adequacy regulatory framework, introducing liquidity regulation and a non-
risk-weighted leverage ratio (that is computed as the ratio between capital and assets),
designed to supplement risk-based capital requirements. The experiences from the
banking crises in several countries during the last decades have made regulators,
authorities, and banks more aware of the importance of maintaining a sufficient capital
ratio (capital requirement) (Lindquist 2004; Dermine 2013). With respect to capital
requirements, the regulatory effort involves enhancing both the quantity and the quality
of capital buffers. Indeed, banks are required to maintain a minimum Total Capital
Ratio, which incorporates a minimum Common Equity Tier 1 (CET1) capital ratio,2,3

and a minimum capital conservation buffer ratio.4

1 Using the discretion allowed for by the Basel II framework and specifically of the internal rating-based
approach, banks calculate capital requirements that are typically lower than the requirements obtained under
the standard approach. (Barucci and Milani 2018; Vallascas and Hagendorff 2013).
2 As specified in BCBS (2011), minimumCommonEquity Tier 1 Capital “consists of the sum of the follow-
ing elements: Common shares issued by the bank that meet the criteria for classification as common shares
for regulatory purposes (or the equivalent for non-joint stock companies); Stock surplus (share premium)
resulting from the issue of instruments included Common Equity Tier 1; Retained earnings; Accumulated
other comprehensive income and other disclosed reserves; Common shares issued by consolidated sub-
sidiaries of the bank and held by third parties (i.e. minority interest) that meet the criteria for inclusion in
Common Equity Tier 1 capital; and Regulatory adjustments applied in the calculation of Common Equity
Tier 1”. For the years 2013 and 2014 the minimum ratio was 3.5% and 4.0%, respectively.
3 The minimum ratio according to BCBS (2011) was 8.0% in 2014, 8.625% in 2016, and 9.25% in 2017.
For 2018 and 2019 this ratio is expected to be 9.875% and 10.5% respectively.
4 According to the BCBS (2011), regulatory capital consists of (i) Core capital (basic equity or Tier 1
Capital, which can be considered as the going-concern capital)—made of Common Equity Tier 1 and
Additional Tier 1, and (ii) Supplementary capital (or Tier 2, which is the gone-concern capital). In addition
to these elements, the BCBS requires: (iii) a capital conservation buffer (which is designed to ensure that
banks build up capital buffers outside periods of stress which can be drawn down as losses are incurred. The
requirement is based on simple capital conservation rules designed to avoid breaches of minimum capital
requirements) and a (iv) countercyclical buffer that aims to ensure that banking sector capital requirements
take account of the macro-financial environment in which banks operate.
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The literature that investigates the impact of the regulation is wide and constantly
growing (Chiaramonte and Casu 2017). Focusing on capital adequacy, several studies
suggest that better capitalised banks were better protected during the global financial
crisis. Demirgüç-Kunt et al. (2013), Beltratti and Stultz (2012), Brogi and Lagasio
(2016) find that banks with higher capital ratios, performed better during the financial
crisis. As concerns the leverage ratio—which is a non-risk-weighted capital mea-
sure—Mayes and Stremmel (2014) and Beltratti and Stultz (2012) find that it is more
useful in explaining bank distress and failures than capital requirements.

Concerning the association between the new regulatory framework and bank dis-
tress, a strand of recent studies has focused on the new Basel III liquidity measures:
Net Stable Funding Ratio and Liquidity Coverage Ratio. Investigating the association
between liquidity and leverage, Vazquez and Federico (2015), for example, report that
distressed banks were characterized by lower structural liquidity and higher lever-
age ratios. Conversely, Hong et al. (2014) find weak significance for the association
between new Basel III liquidity measures and bank failures.

Despite the actions put in place by BCBS to restore confidence in the global bank-
ing system, regulators need to monitor the system in order to prevent bank financial
distress. In November 2013, the European Central Bank and the European Banking
Authority agreed on new parameters for the European Banking Union analysing the
leading banks balance sheets in the Eurozone. The first step for the implementation of
the European banking project was the Asset Quality Review. The European Central
Bank’s objective was to evaluate the soundness and quality of financial balance sheets
of 130 lenders. It was a European transparency initiative whose main goal is to restore
the confidence of international investors in the soundness of the European Union’s
financial system. The Asset Quality Review included a general risk assessment of the
banks and a stress test in order to check the resilience in case of unfavourable market
conditions.

In this context, recent developments in capital stress testing have shaped the view of
academics and practitioners regarding bank capital. In particular, Acharya and Steffen
(2015) report that Eurozone bank risks during 2007–2013 can best be characterised as
carry trade behaviour. They find a positive correlation between stock returns of banks
and a peripheral country (Greece, Italy, Ireland, Portugal, Spain, orGIIPS) bond returns
and a negative correlation with German bund returns, which generated carry until the
deteriorating GIIPS bond returns adversely affected bank balance sheets.

Acharya et al. (2014) also investigate the importance of risk weights, comparing
the capital shortfall measured by regulatory stress tests to that of a benchmarkmethod-
ology (the so-called “V-Lab stress test”) that employs only publicly available market
data. They find that when capital shortfalls are measured relative to risk-weighted
assets, the ranking of financial institutions is very different from the V-Lab stress test,
whereas when measured relative to total assets, the results are quite similar. They
also report that the risk measures used in risk-weighted assets are cross-sectionally
uncorrelated with market measures of risk.

In this paper, we propose a novel and simple early-warning system model for the
minimum regulatory requirements of financial institutions classified by the Financial
Stability Board and BCBS as Global Systemically Important Financial Institutions
(GSIFIs). More specifically, we study the ability of both balance sheet items and
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market data to predict bank distress. To do so we apply the model proposed byMerton
(1974).

Our model estimates the probability of breaching the CET1 capital requirements on
a time horizon of one-year for banking institutions subject to Basel III. The approach
adopted to perform the analysis is a particular application of the Merton model. We
calibrate the Merton model using balance sheet data and market data in order to match
the probability of default implied by the model with the probability of default implied
in themarket quotations for credit default swaps (CDSs). Then, assuming theminimum
requirement for the CET1 ratio as a threshold for the Merton model, the calibrated
Merton model is used to estimate the probability of breaching the capital requirements
as a function of capitalization level and probability of default implied in CDS quotes.

The model we propose is related to the model proposed by De Spiegeleer et al.
(2016). Under this framework, in order to treat contingent convertibles (CoCo) bonds
as derivative instruments contingent on the CET1 level, the authors introduce the
notion of implied CET1 volatility. They then model the CET1 ratio as a continuous
geometric Brownian motion in the absence of any drift. However, in contrast to the
model proposed by De Spiegeleer et al. (2016), our model focusses on asset modelling
where a classical geometric Brownian motion is adopted to establish a theoretical
framework and to estimate asset implied volatility.

We calculate the probability of breaching the CET1 capital requirements from 2005
to 2015 and compare it with respect to the evolution of the CET1 ratio for 24 banks
selected among the GSIFIs.5 However, we are aware that the minimum CET1 ratio
level may change due to the evolution of the prudential rules. For instance, Bevilacqua
et al. (2019) and the ECB (2019) state that it may increase in the future. Nonetheless,
such CET1 changes can be factorized under the proposed model by simply imposing
a different minimum level of required CET1 ratio, as in Liberadzki and Liberadzki
(2019).

We find that the probability of breaching the capital requirements estimated under
the proposed model is a useful metric because it can synthetize the information avail-
able in terms of balance sheet items (i.e. CET1 ratio) and market data (i.e. CDS). The
major findings are threefold. First, banks with the same CET1 ratio may have a differ-
ent probability of breaching the capital requirements. This means that banks with the
same CET1 ratio may have a different volatility for their capital position and, conse-
quently, a different level of resilience in preserving the capital buffer under stressed
conditions. Second, banks with a different CET1 ratio may have a similar probability
of breaching the capital requirements. This means that banks with a different CET1
ratio may have a similar volatility for their capital position and, consequently, a similar
level of resilience to face adverse scenarios. Finally, we find that the asset volatility
calibrated according to the proposed model appears as a good an estimator of the
risk-weighted asset density. At the same time, this means that the risk-weighted asset
density could be used as a good proxy to estimate the asset’s volatility.

The organization of the paper is as follows. In Sect. 2, we present the theoreti-
cal framework for the proposed model. Section 3 describes the model’s calibration

5 The banks selected are those for which market data are available to be used as input for the proposed
model.

123



Application of the Merton model to estimate the… 145

methodology while Sect. 4 illustrates the approach adopted for estimating the prob-
ability of breaching the capital requirements. The empirical results are presented in
Sect. 5 and the conclusions are provided in Sect. 6.

2 The theoretical framework

Since the publication of Merton’s (1974) paper on the valuation of corporate debt
securities, the structural model of default he proposed has become the workhorse
for gaining insights about how firms choose their capital structure. Being the first
structural model, it has served as the cornerstone for all other structural models. The
Merton model employs option pricing theory in corporate debt valuation, where the
underlying firm value is random with some distribution. If the value of assets should
happen to decline such that this value is less than the value of the firm’s liabilities,
which we refer to as the default threshold, then it will be impossible for the firm to
satisfy its obligations and it will thus default.

The Merton model assumes that there is a simple debt structure and that the total
value A(t) of a firm’s assets follows a geometric Brownian motion under the risk-
neutral measure,

d A(t) � r A(t)dt + σ A(t)dW (t)

where A(t) > 0, r is the (constant) risk-free rate, σ is the asset volatility, and dW
(t) is a standard Brownian motion. There are two further assumptions for the Merton
model: (1) there are no bankruptcy charges, meaning the liquidation value equals the
firm value and (2) the debt and equity are frictionless tradeable assets.

The Merton model assumes firms, at time t , are funded by equity, denoted by E(t),
and debt, denoted by P̄(t, T ). Debt consists of a single outstanding bond with face
value K and maturity T . At maturity, if the total value of the assets is greater than
the debt, the latter is paid in full and the remainder is distributed among shareholders.
However, if A(t) < K then default is deemed to occur: the bondholders exercise a
debt covenant giving them the right to liquidate the firm and receive the liquidation
value in lieu of the debt while shareholders receive nothing in this case.

From these simple observations, we see that shareholders have a cash flow at time
T equal to [A(T ) − K ]+ and so equity can be viewed as a European call option on the
firm’s assets. Applying the standard Black–Scholes–Merton call option formula,6 we
have that

E(t) � A(t)�(d1) − P(t, T )K�(d2)

where � denotes the cumulative distribution function of the standard Gaussian distri-
bution and P(t, T ) is the price of a risk-free zero-coupon bond valued at time t with
maturity at time T > t . Moreover, we have that,

6 See Black and Scholes (1973) and Merton (1974).
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On the other hand, the bondholder receives

min[A(T ), K ] � A(T ) − [A(T ) − K ]+ � K − [K − A(T )]+

Consequently, the fundamental identity of accounting holds,

A(t) � E(t) + P̄(t, T )

and the pricing of the debt is such that:

P̄(t, T ) � P(t, T ) − [P(t, T )K�(−d2) − A(t)�(−d1)]

An important result under the Merton model is that the probability of default of the
firm (PD), fixed at time t for the maturity T , is such that

PD(t, T ) � �(−d2)

Therefore, under the Merton model, it is possible to estimate a firm’s probability
of default by looking at the asset’s volatility and balance sheet items.

3 Model’s calibration approach

In order to calculate the probability of breaching of the capital requirements under the
Merton model, a specific calibration approach is adopted.

Structural models such as Merton’s model depend on the unobserved volatility of
the assets. For this reason, the Merton model must be calibrated in the sense that
asset volatility has to be estimated using other information sources such as the quotes
on traded instruments. For publicly traded companies, the share price (and hence
total equity) is observed in the market. The usual “ad-hoc” approach to obtaining
an estimate for the firm’s asset volatility involves calibrating the model using the
information related to equity volatility.7

In contrast to the usual calibration approach, we propose a calibration approach
using CDS quotes. Market data are collected for the risk-free rate and CDS quotes.
Risk-free rates are needed as input into the Black–Scholes–Merton formula, while
CDS quotes are used to derive the probability of default implied by the market. In
particular, given CDS for a reference name (i.e. bank), the CDS premium for the

7 A widely used approach to calibrate Merton’s model has been proposed by Crosbie and Bohn (2002).
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appropriate time horizon is transformed into the market implied probability of default
(PDM ) using the following approximated relation,

PDM (t, T ) ∼� 1 − exp

(
−CDS(t, T )

LGD
(T − t)

)

where CDS(t, T ) is the premium of a CDS quoted at time t , with maturity T , while
LGD is the loss given default.

Senior or subordinated CDSs quotes can be used for model calibration. However,
for the scope of the calculation of the probability of breaching capital requirements, we
consider that is more appropriate using senior CDS quotes because we are interested in
estimating the issuer’s probability of default and not the probability of default related
to a specific security issued.8

Once that PDM is derived from the market in relation to a reference name,
asset volatility σ for the single name can be derived by performing an optimiza-
tion/numerical procedure. The procedure involves choosing the values of σ (σ̂ ) in
such a way that the probability of default implied by the market matches the proba-
bility of default implied by the theoretical model.

In performing the optimization procedure to derive asset volatility, the threshold K
is assumed as follows,

K � A(t) − CET 1AV

where CET 1AV is the amount of available capital corresponding to the CET1 ratio
(CET 1%) such that

CET 1AV � CET 1%AV × RW A

The quantity RW A represents the amount of the risk-weighted assets quantified
according to the Basel III requirements.

It is important to note that the model calibration is performed under a risk-neutral
framework. In fact,model parameters (i.e. asset volatility) are calibrated usingfinancial
instruments quoted in the market where CDSs are used to infer the probability of
default. This approach is consistent as both quantities, the probability of default implied
in market quotations (also replicated by the model) and the probability of breaching
capital requirement, are calculated under a risk-neutral setting.

4 Estimating the probability of breaching capital requirements

Once asset volatility is quantified following the procedure described in Sect. 3, the
probability of breaching the capital requirements can be estimated. In calculating the
probability of breaching the capital requirements in a coherent manner with the time
horizon T , the new threshold, denoted by K ∗, is such that,

8 See Liberadzki and Liberadzki (2019) for further details on these topics.
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K ∗ � A(t) − CET 1AV + CET 1MI N

where CET 1MI N is the amount of minimum capital corresponding to the CET1 ratio
(CET 1%) such that,

CET 1MI N � CET 1%MI N × RW A

Finally, the probability of breaching the CET1 capital requirements is calculated as

PB(t, T ) � �
(−d∗

2

)

where

d∗
2 �

log
[
A(t)
K ∗

]
+

(
r − σ̂ 2

2

)
(T − t)

σ̂
√

(T − t)

Summarizing, our approach involves the following: (1) estimating asset volatility
replacing equity with the CET1 (in this case K is used for the calibration of the PD)
and (2) keeping asset volatility unchanged and using threshold K ∗ for the calculation
of the PB.

5 Numerical results

In this section, we discuss the results obtained using the proposed model in order to
estimate the probability of breaching the CET1 capital requirements under Basel III
for 24 banks selected classified as GSIFIs.

The scope in analyzing different banking institutions is to highlight the cases in
which banks with similar CET1 may have a different probability of breaching the
capital requirements. In other cases, banks with a similar probability of breaching the
minimum CET1 ratio have a different level of capitalization. In order to perform the
empirical analysis, for each bank we collected several balance sheet items. The list of
these variables is shown in Table 1. We also have considered the amount of minimum
capital corresponding to the CET1 ratio (CET1%). The minimum CET1 ratio levels
(CET 1%MI N ) were considered for the different years as follows: 4.5% for 2015, 4%,
and 3.5% for 2013 and prior to that year.

In addition, we collected the following financial market data: (1) the term structure
of interest rates derived from traded instruments quoted in the cash, forward rate
agreement/futures, and swap markets9 and (2) CDSs on a single name having as their
underlying the banks studied in this paper.10 A flat LGD equal to 60% was assumed
for all the banks to perform all the calculations.

Using these two inputs, the market implied default probability was derived from the
CDS quotes. Consequently, asset volatility was calibrated on the basis of the approach

9 We apply the standard bootstrapping technique to derive the spot rates from the tradedmarket instruments.
10 CDSs with a 5-year maturity were considered for the analysis because they were the most liquid tenors.
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Table 1 List of variables considered in the empirical analysis

Abbreviation Description

Asset Total Assets of the bank

Liability Total Liabilities of the bank (Total Assets—Equity)

Equity Total Shareholders’ Equity of the bank

RWA Risk Weighted Assets of the bank

Density Risk Weighted Assets over Total Assets

CET1 Common Equity Tier 1 Capital over Risk Weighted Assets

CET1% Common Equity Tier 1 Capital over Risk Weighted Assets (%)

CDS Credit Default Swaps (quotes)
σ̂ Asset’s Volatility calibrated according to the model proposed

PD Probability of default with a time horizon of 1 year

PB Probability of breaching capital requirements with a time horizon of 1 year

described in Sect. 3, and the probability of breaching of the CET1 requirements was
estimated for the considered cases. Table 2 reports the results of the analysis as of
year-end 2015. From the table, it is important to note that the probability of breaching
of CET1 (denoted by PB) is greater than the probability of default (PD) for the same
one-year time horizon. For our proposed model, this is true by definition because
if the value of the asset decreases, the bank is not able to comply with the capital
requirements and it can also fail. The results of the analysis for year-end 2014 and
2013 are shown in Tables 3 and 4 respectively.

Analyzing the data reported in Tables 2, 3 and 4, the first relevant aspect to be
considered is themeaning of the information contained in the asset volatility calibrated
according to the proposed model. Asset volatility estimated under the proposed model
is a useful metric as it is able to synthetize the information available in terms of balance
sheet items under Basel III (i.e. CET1 ratio) and market data (i.e. CDS).

It is interesting to note how the dynamic of the asset volatility is similar to the
dynamic of the risk-weighted assets (RWA) density across the banks analyzed at a
point in time. For example, the three panels in Fig. 1 compare asset volatility and
RWA density for all the banks examined as of year-end 2013, 2014 and 2015.

There are two main takeaways from Fig. 1. First, the two variable results are highly
correlated where asset volatility, estimated using the proposed approach, appears to be
a good proxy for the RWA density. This finding is confirmed by the high correlation
coefficients we have estimated using data across the three years. In fact, the estimated
coefficients are 79%, 85%, and 83% respectively for year-end 2013, 2014, and 2015.
Furthermore, we have performed a linear regression analysis using all available data
across the 3 years where asset volatility has been treated as an independent variable
while density has been assumed to be the dependent variable. This analysis shows
significant results from a statistical point of view with a R2 equal to 65%. Second,
comparing banks with a similar CET1 ratio, there are cases in which a different prob-
ability of breaching of CET1 arise under the proposed model.
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Table 2 Results as of year-end 2015 (data in USD/bln)

Name Asset RWA Density CET1% CDS σ̂ PD PB

Banco Bilbao Vizcaya Argentaria
SA

817 437 53.5% 12.4% 1.30% 3.8% 2.15% 8.82%

Banco Santander SA 1459 638 43.7% 17.4% 1.37% 4.3% 2.25% 6.44%

Bank of America Corp 2144 1403 65.4% 17.1% 0.72% 5.6% 1.20% 4.73%

Bank of China Ltd 2590 1641 63.4% 11.3% 1.31% 4.1% 2.16% 10.05%

Barclays Bank Plc 1660 531 32.0% 14.9% 0.61% 2.5% 1.01% 4.33%

BNP Paribas 2171 685 31.6% 13.0% 0.70% 2.2% 1.16% 5.42%

Citigroup Inc 1731 1139 65.8% 20.6% 0.82% 6.9% 1.35% 4.27%

Crédit Agricole SA 1850 555 30.0% 17.5% 0.69% 2.7% 1.15% 3.95%

Credit Suisse Group AG 827 297 35.9% 20.7% 0.86% 3.9% 1.42% 4.05%

Deutsche Bank AG 1774 433 24.4% 14.8% 0.96% 2.1% 1.58% 5.36%

Goldman Sachs Group, Inc/The 861 524 60.8% 14.5% 0.85% 4.6% 1.41% 6.10%

HSBC Holdings Plc 2410 1103 45.8% 15.9% 0.71% 3.7% 1.18% 4.75%

ING Bank NV 913 346 37.9% 11.5% 0.52% 2.2% 0.87% 5.67%

JPMorgan Chase & Co 2352 1465 62.3% 15.1% 0.73% 4.7% 1.21% 5.40%

Mitsubishi UFJ Financial Group
Inc

2566 995 38.8% 10.6% 0.80% 2.3% 1.32% 7.74%

Mizuho Financial Group Inc 1675 555 33.1% 10.3% 0.83% 2.0% 1.37% 7.73%

Morgan Stanley 787 384 48.8% 18.0% 0.85% 4.5% 1.41% 4.73%

Nordea Bank AB 704 156 22.2% 22.5% 0.59% 2.5% 0.98% 2.72%

Royal Bank of Scotland Group Plc 1208 360 29.8% 17.7% 0.59% 2.7% 0.98% 3.51%

Societe Generale SA 1453 388 26.7% 13.6% 0.70% 2.0% 1.15% 4.91%

Sumitomo Mitsui Financial
Group, Inc

1600 586 36.6% 10.9% 0.85% 2.2% 1.40% 7.54%

UBS AG 951 214 22.5% 27.9% 0.50% 3.1% 0.84% 2.07%

UniCredit SpA 937 425 45.4% 13.8% 1.31% 3.6% 2.16% 7.72%

Wells Fargo & Co 1788 1303 72.9% 13.1% 0.53% 4.5% 0.87% 5.58%

To better analyze these findings, we compared banks with a similar CET1 ratio
(around 17%) as of 2015. These results are reported in Table 5a. Notice that despite
banks shown in Table 5a havingmore or less the sameCET1 ratio, they have a different
probability of breaching the CET1. This is because the probability of breaching is a
function of both the capitalization level and CDS quotes. Consequently, PB is able to
synthetize the information contained in the bank’s balance sheet with the information
implied by the market for that bank. For example, Banco Santander SA has a CET1
ratio aligned with the other banks but the CDS level, equal to 137 bps, is higher than
the CDS levels of the other three banks. The higher CDS level justifies the higher
probability of breaching of the CET1 for Banco Santander SA with respect to the
other three banks taken into consideration.

Table 5b shows that for a similar analysis for two banks (BNP Paribas and JP
Morgan), there is a similar probability of breaching the CET1 taking into consideration
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Table 3 Results as of year-end 2014 (data in USD/bln)

Name Asset RWA Density CET1% CDS σ̂ PD PB

Banco Bilbao Vizcaya Argentaria
SA

767 426 55.5% 12.4% 0.75% 3.4% 1.25% 6.19%

Banco Santander SA 1537 711 46.2% 15.6% 0.78% 3.5% 1.30% 4.77%

Bank of America Corp 2105 1262 60.0% 18.1% 0.67% 5.2% 1.12% 3.83%

Bank of China Ltd 2492 1623 65.1% 10.9% 1.20% 3.8% 1.98% 9.32%

Barclays Bank Plc 2119 627 29.6% 13.3% 0.50% 1.9% 0.83% 4.15%

BNP Paribas 2522 746 29.6% 12.5% 0.69% 1.8% 1.14% 5.35%

Citigroup Inc 1842 1211 65.8% 18.4% 0.75% 5.9% 1.24% 4.09%

Crédit Agricole SA 2140 601 28.1% 16.2% 0.70% 2.2% 1.16% 4.02%

Credit Suisse Group AG 932 295 31.6% 20.2% 0.56% 3.0% 0.93% 2.85%

Deutsche Bank AG 2074 482 23.2% 16.7% 0.79% 2.0% 1.30% 4.12%

Goldman Sachs Group, Inc/The 856 570 66.6% 13.0% 0.86% 4.3% 1.42% 6.39%

HSBC Holdings Plc 2634 1220 46.3% 13.5% 0.44% 2.8% 0.73% 4.06%

ING Bank NV 1006 360 35.8% 11.4% 0.56% 2.0% 0.93% 5.53%

JPMorgan Chase & Co 2572 1485 57.7% 14.1% 0.64% 3.8% 1.05% 4.85%

Mitsubishi UFJ Financial Group
Inc

2303 935 40.6% 10.1% 0.68% 2.0% 1.13% 7.38%

Mizuho Financial Group Inc 1534 543 35.4% 9.1% 0.79% 1.7% 1.31% 8.88%

Morgan Stanley 802 456 56.9% 14.5% 0.83% 4.1% 1.37% 5.46%

Nordea Bank AB 813 177 21.7% 21.3% 0.57% 2.2% 0.95% 2.65%

Royal Bank of Scotland Group Plc 1640 555 33.9% 12.9% 0.49% 2.0% 0.81% 4.37%

Societe Generale SA 1588 429 27.0% 12.9% 0.94% 1.8% 1.55% 6.03%

Sumitomo Mitsui Financial Group,
Inc

1492 551 36.9% 9.9% 0.71% 1.8% 1.17% 7.53%

UBS AG 1074 224 20.8% 25.0% 0.46% 2.4% 0.76% 1.98%

UniCredit SpA 1025 497 48.5% 13.1% 1.25% 3.4% 2.06% 7.53%

Wells Fargo & Co 1687 1243 73.6% 13.0% 0.48% 4.3% 0.80% 4.77%

the key risk indicators as of 2015. The two banks have substantially the same PB but
a different CET1. Moreover, in this case the CDS level is the same. However, it is
important to highlight that the RWA density is very different in the two cases: 31.6%
for BNPParibas and 62.3% for JPMorgan. As a result, this difference is reflected in the
estimation of the asset volatility that is higher for JP Morgan. Consequently, despite
JP Morgan being better capitalized than BNP Paribas, we can argue that in reality
the two banks have the same probability of breaching the CET1 capital requirements
because JP Morgan’s assets are riskier.

In addition, we calibrated our model using balance sheet and market data observed
for 11 years, from year-end 2005 up to year-end 2015. Taking into consideration
different historical dates allowus to appreciate how the key risk parameters (i.e.CET 1,
PD, PB, …) change over time. In order to evaluate how the key risk indicators for
the banks in our study evolved over time, we provided a further analysis where we
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Table 4 Results as of year-end 2013 (data in USD/bln)

Name Asset RWA Density CET1% CDS σ̂ PD PB

Banco Bilbao Vizcaya Argentaria
SA

804 446 55.5% 13.7% 1.22% 4.0% 2.00% 6.31%

Banco Santander SA 1539 675 43.9% 17.2% 1.19% 3.9% 1.96% 5.04%

Bank of America Corp 2102 1298 61.7% 17.6% 0.78% 5.2% 1.28% 3.82%

Bank of China Ltd 2274 1543 67.9% 10.0% 1.14% 3.5% 1.88% 8.68%

Barclays Bank Plc 2213 729 32.9% 12.2% 0.91% 2.0% 1.50% 5.70%

BNP Paribas 2497 858 34.4% 12.7% 0.81% 2.1% 1.34% 5.15%

Citigroup Inc 1880 1103 58.7% 19.6% 0.71% 5.5% 1.18% 3.24%

Crédit Agricole SA 2328 658 28.2% 15.6% 1.01% 2.2% 1.67% 4.75%

Credit Suisse Group AG 979 307 31.4% 20.6% 0.68% 3.0% 1.12% 2.88%

Deutsche Bank AG 2222 414 18.6% 19.0% 0.83% 1.8% 1.38% 3.41%

Goldman Sachs Group, Inc/The 912 433 47.5% 16.6% 0.92% 3.9% 1.52% 4.40%

HSBC Holdings Plc 2671 1093 40.9% 13.2% 0.64% 2.5% 1.06% 4.36%

ING Bank NV 1086 415 38.2% 10.8% 0.79% 2.0% 1.31% 6.21%

JPMorgan Chase & Co 2416 1388 57.5% 14.3% 0.67% 3.9% 1.11% 4.22%

Mitsubishi UFJ Financial Group
Inc

2429 963 39.7% 11.1% 0.58% 2.0% 0.96% 5.11%

Mizuho Financial Group Inc 1665 586 35.2% 8.9% 0.66% 1.5% 1.09% 7.22%

Morgan Stanley 833 390 46.8% 16.4% 0.87% 3.8% 1.44% 4.29%

Nordea Bank AB 869 289 33.2% 14.0% 0.55% 2.1% 0.91% 3.63%

Royal Bank of Scotland Group Plc 1693 635 37.5% 11.7% 1.12% 2.3% 1.85% 6.83%

Societe Generale SA 1675 473 28.2% 12.9% 0.99% 1.9% 1.63% 5.57%

Sumitomo Mitsui Financial Group,
Inc

1542 599 38.8% 10.0% 0.60% 1.8% 0.99% 5.98%

UBS AG 1137 256 22.6% 23.6% 0.64% 2.5% 1.06% 2.44%

UniCredit SpA 1167 584 50.1% 11.6% 1.44% 3.2% 2.37% 8.10%

Wells Fargo & Co 1527 1142 74.8% 13.4% 0.40% 4.3% 0.66% 3.47%

derive the probability of breaching capital requirements from 2005 to 2015. For each
bank and for each year, we derived the probability of breaching the CET1 for a one-
year time horizon. Furthermore, in Fig. 2 we compared the PB with the CDS quote
and with the CET1 level. From the figure, it is possible to see how the PB is able to
synthetize and combine the balance sheet information related to the CET1 ratio to the
market implied information related to the CDS quotes.

In Fig. 2 we plotted the evolution of the risk indicators for the Banco Santander
SA, Bank of America Corporation, Bank of China, and Royal Bank of Scotland. From
the figure, it can be seen that after the credit crisis of 2008–2009, the CDS spread for
Banco Santander SA increased, reflecting an implicit increase for the probability of
default discounted by the market. At the same time, the CET1 increases more or less
regularly from 2005 to 2015 and it does not seem to be impacted by the increased
CDS spread. In this context, the probability of breaching the CET1 is able to capture
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Fig. 1 Asset’s volatility and density
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Table 5 Banks with similar CET1 and PB as of year-end 2015

Name Density CET1% CDS σ̂ PD PB

Panel a: similar CET1

Banco Santander SA 43.7% 17.4% 1.37% 4.3% 2.25% 6.44%

Bank of America Corp 65.4% 17.1% 0.72% 5.6% 1.20% 4.73%

Crédit Agricole SA 30.0% 17.5% 0.69% 2.7% 1.15% 3.95%

Royal Bank of Scotland Group Plc 29.8% 17.7% 0.59% 2.7% 0.98% 3.51%

Panel b: similar PB

BNP Paribas 31.6% 13.0% 0.70% 2.2% 1.16% 5.42%

JP Morgan 62.3% 15.1% 0.73% 4.7% 1.21% 5.40%

the increase in the level of the CDS and, at the same time, it reflects the dynamic of
the CET1 ratio. In fact, during the period 2009-2012, PB increased, while after 2013
it decreased in a coherent manner with the increased level of CET1 in the last three
years (2013–2015). Similar results can be observed for the Bank of America and Bank
of China.

6 Conclusions

In this paper, we propose and empirically investigate a Merton-type model for esti-
mating the probability of breaching the capital requirements under the Basel III rules.
More specifically, we define amodel to estimate the probability of breaching the CET1
capital requirements for a one-year time horizon for 24 banking institutions classified
as GSIFIs.

The proposed approach is a particular application of the Merton model where
balance sheet data and market data are used to match the probability of default implied
by the model with the probability of default implied in the market quotations of CDS
instruments. Then, assuming the minimum requirement for the CET1 ratio as the
threshold for the Merton model, we estimate the probability of breaching the CET1
capital requirements as a function of the bank’s capitalization level and probability of
default implied by CDS quotes. We find that the probability of breaching the capital
requirements estimated under the proposed model is a useful metric because it is able
to synthetize the information available in terms of balance sheet items (i.e. CET1 ratio)
and market data (i.e. CDS quotes).

One of themain findings is that bankswith the sameCET1 ratiomay have a different
probability of breaching capital requirements. Analyzing banks with a similar CET1
ratio, there are cases inwhich, even if the CET1 ratio is the same, a different probability
of breaching the CET1 can arise based on the proposed model. This means that banks
with the same CET1 ratio may have a different volatility for its capital position and,
consequently, a different ability to be resilient in order to preserve the capital buffer
under stressed conditions. Likewise, banks with a different CET1 ratio may have a
similar probability of breaching the capital requirements; some banks exhibit a very
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Fig. 2 Key risk indicators for four banks
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similar probability of breaching the capital requirement but a different CET1 ratio. In
this case, the CDS level is the same but the risk-weighted asset density is very different.
This means that banks with a different CET1 ratio may have a similar volatility for its
capital position and, consequently, a similar ability to be resilient when facing adverse
scenarios.

Finally, we focus on the meaning of the information contained in the asset volatility
calibrated according to the proposed model. We find that asset volatility calibrated
according to the proposed model appears to be a good estimator of the risk-weighted
asset density. At the same time, this means that the risk-weighted asset density could
be used as a good proxy to estimate the asset’s volatility.
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