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Abstract. This work uses fuzzy set theory and qualitative comparative analysis (QCA) to determine the causal configurations leading to
interbank contagion in a resolution event. This study pioneers the introduction of fSQCA methodology in banking crisis analyses. The event
providing the necessary data for this study is the resolution of the Spanish bank Banco Popular. We develop sufficient and necessary
condition analyses to find the key metrics that lead to interbank contagion. The results demonstrate that weak solvency metrics, low asset
quality and belonging to the same country where the resolution has been triggered tend to lead to higher contagion.
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1. Introduction

Most of the benefits of the post-global financial crisis banking regulations are well known and include improving
the resilience of the banking sector, strengthening risk management and corporate governance practices,
increasing transparency and minimizing the use of public funds to recapitalize the banking sector in the event of a
banking crisis. However, most of the side effects of the new resolution framework remain unknown, with limited
academic research focused on these topics.
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A particularly important side effect of the new banking resolution framework comes as a consequence of the
contagion effect that could take place between banks when a resolution is triggered. This paper starts with the
proposition that the resolution of a banking entity entails a contagion effect that impacts other banks' subordinated
debt and equity instruments.

This effect can be seen in the resolution of Banco Popular, where the subordinated and equity instruments of
several European banks reacted to the write-down and conversion of Banco Popular equity and subordinated debt
instruments. The resolution of Banco Popular is the first case within the European Union where the regulator used
the write-down and conversion powers to resolve a banking entity. On June 6™, 2017, after shareholders and
subordinated bondholders lost their entire investment, Banco Popular was sold to Banco Santander for EUR1
following the sale of a business tool described in the Bank Recovery and Resolution Directive, BRRD (European
Commission, 2014).

The resolution of Banco Popular is used as a case study aiming to understand the reaction of the equity and
subordinated debt instruments of a sample of EU banks directly supervised by the European Central Bank (ECB).
Financial metrics such as solvency, asset quality, profitability or size are taken into account, allowing us to draw
conclusions about which banks are more prone to suffer from bail-in contagion while others remain less volatile.
In particular, the subordinated debt instruments of Spanish banks with weak solvency and asset quality metrics
clearly suffered a strong contagion effect, while others remained almost unaffected after the resolution
announcement.

A methodology approach based on fuzzy sets qualitative comparative analysis (fsSQCA) is used to determine the
causal configurations that lead a bank to suffer higher contagion when the resolution of a bank takes place.
Despite rapid development in the use of fsQCA in the field of finance, its use in the area of banking crises is
nonexistent according to the authors’ best knowledge. This work shows the suitability of fSQCA to study the
spillover effects of banking resolutions, therefore opening the door to a new wave of publications on similar
subjects. The results of this analysis are relevant from an academic viewpoint and are also particularly important
for practitioners including regulators, banks and investors, among other market participants. The findings could be
considered helpful in predicting the contagion effects in a potential new case of resolution and, hence, optimizing
the portfolio's returns.

This work is structured as follows: the introduction is followed by a theoretical background, section 3 focuses on
the methodology, and then section 4 presents the results, followed by the conclusions section.

2. Theoretical framework

The resolution of a banking entity is understood as the procedure where one or more resolution tools are applied
to achieve the objectives of safeguarding public interest by ensuring the continuity of the bank’s critical functions
and financial stability at a minimal cost for taxpayers (Single Resolution Board, 2016). In Europe, this process is
triggered when the ECB determines that a bank is “failing or likely to fail”, after the recovery plan proposed by
the single supervisory mechanism (SSM) has failed. The Single Resolution Board (SRB), the central resolution
authority within the Banking Union, has the responsibility of deciding whether a resolution is in the public
interest and no other supervisory or private measures can restore confidence in the bank, or if the entity has to be
liquidated. In the case of liquidation, the national insolvency laws will apply and the SRB will not be in charge of
leading the process. This was the case for Banca Popolare Vicenza, Veneto Banca and ABLV Bank in 2017 and
early 2018, respectively (Single Resolution Board, 2017a, 2017b, 2018).
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If conditions for resolution are met and the European Commission approves the resolution scheme, the SRB will
go ahead with the resolution process and apply a resolution tool, or a combination of them. As stated by the single
resolution mechanism (Single Resolution Board, 2016), before any resolution tool is applied, the capital
instruments of the entity must be converted into equity or written down. This implies that in any resolution case,
equity and subordinated debt instruments should be impacted; hence, this work focuses on interbank contagion
risk by analyzing the market performance of these instruments.

There is a small but growing body of literature on the subject of the unintended consequences of the new banking
resolution procedures and particularly on the spillover effects of the bail-in tool (Avgouleas & Goodhart, 2015;
De Grauwe, 2013; Hiiser et al., 2017). Among the many spillover effects linked to the current banking resolution
framework, financial contagion is a relevant effect, attracting the interest of researchers and practitioners.
Financial contagion has been traditionally widely explored by academia due to its significant importance in both
financial crises and the real economy (Allen & Gale, 2000; Pericoli & Sbracia, 2003).

As highlighted in previous literature, the bail-in tool or the write-down and equity conversion powers of debt and
equity instruments can cause contagion across the banking sector (Havemann, 2018). Therefore, this work focuses
on the degree of contagion between banks by analyzing the performance of such instruments in secondary markets
in the event of a resolution.

Among the several channels through which financial contagion could take place, information contagion is one of
the most relevant within the banking sector (Ahnert & Georg, 2012). There are diverse reasons for banks’
investors to consider information about other banks as a key input for their investment decisions. First, two given
banks could have equity and debt cross-holdings as well as interbank loans. Second, both banks could share
exposure to the same kind of assets. This should imply that the information about the solvency or asset quality of
a given bank could provide relevant insights about the financial soundness of other banks (Acharya &
Yorulmazer, 2008).

In this work, we leverage the information contagion theory to analyze direct contagion across banks streaming
from a bank resolution event. Following Iyer and Peydr6, we use their broad definition of contagion between
banks: "contagion takes place when the failure of a bank triggers a significant negative externality to other banks"
(Iyer & Peydro, 2010). In particular, we measure this externality in the equity and subordinated debt market in our
work. We acknowledge that measuring contagion risk and obtaining conclusions is not new. However, when
focusing strictly on contagion arising from a bank resolution, the academic literature is almost nonexistent, which
contrasts with its relevant implications for regulators, bank supervisors and market participants. Therefore, this
work focuses on answering which causal configurations lead to interbank contagion in a resolution scenario.

3. Methodology
3.1. Case study and method

The case under study is the resolution of Banco Popular. We will draw relevant conclusions regarding interbank
contagion from data compiled during the Banco Popular resolution event. On June 6%, 2017, the ECB notified the
SRB that Banco Popular was “failing or likely to fail” on the grounds of a severe deterioration of the liquidity
situation, given the solvency concerns linked to the extraordinary provisions disclosed in February 2017 and
several downgrades from rating agencies, among other factors (European Parliament, 2017). Following the
notification, the SRB, in coordination with the Spanish Resolution Fund (FROB) deemed that resolution was in
the public interest and that no other feasible private options were available and therefore triggered the resolution
procedure. The resolution tool applied was the sale of the business to Banco Santander with a previous write-
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down and conversion of capital instruments. In practical terms, this is very similar to the use of the bail-in tool for
junior subordinated and subordinated instruments.

To achieve the goal of understanding the key variables that lead to interbank contagion following the
announcement of a bank resolution, this work uses the fuzzy set qualitative comparative analysis (fSQCA)
methodology. This work contributes to the development of fSQCA as a technique to deal with banking crises. We
find some references using fsSQCA methodology to deal with bankruptcy from a general viewpoint (Boratynska,
2016; Boratynska & Grzegorzewska, 2018) or even to understand fiscal policy reactions or regulatory responses
to the global financial crisis (Horisch, 2013; Young & Park, 2013). However, the current literature using fSQCA
in the field of banking financial analysis is scarce, with Pinto and Picoto (2018) being one of the few articles
where the methodology is used. In particular, the authors use fSQCA to explore whether the levels of loan loss
provisions can be explained by the banks’ size and the level of nonperforming loans.

fsQCA is an analytical technique that combines the use of fuzzy set theory, Boolean algebra and comparison
techniques (Ragin, 1987, 2000, 2008). Fuzzy sets are considered to be an extension of the classic set theory and
can be defined as sets whose elements have different degrees of membership (Zadeh, 1965). Many authors concur
that the calibration of fuzzy sets is a key step when dealing with methodologies where fuzzy set theory is involved
(Woodside & Zhang, 2013). In line with the literature, the calibration of fuzzy sets implies a transformation
process of the original variables into fuzzy numbers that represent a degree of membership.

Once the calibration of fuzzy sets has been completed, the use of QCA methodology allows the identification of
the presence (absence) of a given attribute necessary or sufficient for the presence (absence) of a particular output.
In our study, this output is financial contagion. fSQCA methodology consists of simultaneously performing a
necessary condition and a sufficiency condition analysis. In the necessary condition test, a condition is called
necessary if the outcome cannot take place without this condition (Ragin, 2014). Regarding the sufficiency test, a
condition or causal configuration is called sufficient if it is enough to reach a given outcome. However, this does
not rule out other ways to obtain the outcome (Ragin, 2014).

In this methodology, variables are known as conditions allowing the identification of different configurations that
lead to a given outcome. In our study, the outcome is interbank contagion through equity and the banks’
subordinated debt instruments, and the conditions are key credit fundamental metrics.

One of the key strengths of fsSQCA is its ability to identify causal relationships behind a given outcome, which is
particularly relevant in highly uncertain environments where several variables are somewhat related to the output.
Our work exploits the fSQCA capacity to detect such conditions and allows us to draw relevant conclusions
regarding interbank contagion through equity and debt financial markets in the event of a bank resolution. In
addition, fsQCA does not require a large dataset to apply the method, which is particularly relevant in our case
where we study a single resolution event and the dataset contains information about a limited number of European
banks under the supervision of the ECB (Fiss, 2011).

3.2. Data

We make use of two databases that we have developed for the purpose of this work. The first one contains
fundamental data from the sample of EU banks included in this analysis. The sample is composed of 37 European
banks directly supervised by the ECB that satisfy the condition of having at least one of the following instruments
traded actively in a secondary market at the time of Banco Popular's resolution: equity, Additional Tier 1 and Tier
2. Data for this database are obtained as of 1Q17 from the banks’ quarterly reports; when no quarterly data are
available, the information is obtained from the 2016 annual accounts. In particular, we focus on 5 key
fundamental metrics including solvency, asset quality, profitability, size, and country. We have chosen these
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conditions since they are commonly used to rate the banks’ credit quality. Table 1 summarizes the information
stored in both databases.

Table 1. Description and data sources

Outcome/Conditions Description/Measure Source Database

Solvency Common Equity Tier 1 ratio Company reports Database 1
Asset quality Nonperforming loans ratio Company reports Database 1
Profitability Return on Equity Company reports Database 1
Size Total Assets Company reports Database 1
Country Country where the parent company is based Company reports Database 1

Contagion effect (Outcome) Market performance of: i) Equity, ii) AT1, and iii) Tier2  Market data - Bloomberg  Database 2

Source: Authors

The second database that we use in this study contains data on the different securities issued by the banks in our
sample, including equity, Additional Tier 1 and Tier 2, and their weekly trading levels since early 2016 until the
date of the resolution of Banco Popular. Data are obtained from Bloomberg, and we exclude Additional Tier 1
and Tier 2 instruments that are not actively traded in a secondary market. We use the performance of equity, AT1
and Tier 2 instruments during the month prior to the resolution of Banco Popular until the day that the resolution
was announced. This allows us to capture not just the impact of the resolution announcement but also the rumors
and leaks about a potential resolution that led market participants to start anticipating a resolution of the bank
some days prior to the official announcement. Next, we describe the calibration approach followed for each
condition.

3.3. Conditions and calibration

As part of the fsQCA methodology, each condition and outcome is calibrated to identify if it belongs to a given
set. In short, we have identified the degree of membership of each condition to the set. For example, the
calibration of “Contagion effect” consists of identifying if a bank belongs to the set “contagion” (fuzzy value of 1)
or does not belong at all (value of 0). Furthermore, the degree of membership could take any value from 1 to 0. In
this work, the calibration method applied is the direct method proposed by (Ragin, 2014). The use of this
calibration method implies that 3 thresholds have to be defined: full membership, full non-membership and the
maximum ambiguity point.

The conditions related to the contagion effect under analysis are as previously described: asset quality, solvency,
profitability, size and country. Next, we elaborate on the condition and define the calibration approach followed in
each case.

To measure the banks' asset quality, we use the variable “Non Performing Loans” ratio (NPL), since this is the
most commonly used metric to analyze the asset quality of a bank (European Parliament, 2018). To define the
threshold, we use the European Banking Authority (EBA) threshold levels, which allow us to classify the banks in
3 groups depending on their asset quality levels (European Banking Authority, 2018). In particular, we classify
banks with NPL ratios below 3% as strong asset quality banks and above 8% as having a weak asset quality. The
crossover point was considered the average between the 2 thresholds.

With regard to solvency, in line with the ECB, the EBA and most of the international organizations, we use the

CET1 ratio, which is calculated as Common Equity Tier 1 capital divided by risk weighted assets. Following the
EBA classification, we consider banks having a CET1 ratio above 14% as having a strong asset quality, and weak
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asset quality as those banks with a ratio below 11.5%. Once again, the maximum ambiguity point is defined as the
average between the 2 thresholds.

Regarding profitability, we use the return on equity (RoE), which is also a very common indicator for profitability
and is used by several regulatory and supervisory bodies. Again, we have followed the thresholds used by the
EBA. We establish the following thresholds: high profitability (RoE >10%), low profitability (RoOE<0%) and the
maximum ambiguity point, which was considered the average between the 2 thresholds.

Regarding the size of the banking entity, we follow the ECB approach, classifying the banks' size based on their
total assets. In this case, we have slightly changed the thresholds used by the ECB to adapt to our sample of banks
and obtain more insightful results. The classification is as follows: very large international institutions (total
assets>EURS500bn), small size banks (total assets<EURS50bN), and the crossover point was considered to be the
average between the 2 thresholds. Finally, we also take into account the condition "country"”, which refers to the
country where the parent company of each banking group is based. Table 2 summarizes the main descriptive
statistics and the anchors of calibration for the conditions.

Table 2. Descriptive statistics and conditions calibration

Conditions/Outcome ~ Fully I ST9%*"  Fully out  Max Min M(SD)
. 12.02
Asset quality 2 55 8 58.23 0.50 (13.11)
13.72
Solvency 14 12.75 115 19.50 8.15 (2.25)
- 2.26
Profitability 10 5 0 15.81 -36.07 (9.88)

. 381.99
Size 500 275 50 2076.96  7.04 (505.17)
c Dichotomous conditions. Presence (1) or Absence (0) of the bank in the

ountry

country where the resolution takes place (Spain).

Source: Authors

Regarding the outcome, we use the equity, Additional Tier 1 (AT1) and Tier 2 market performance to classify
banks. Focusing on the performance of the three asset classes, we have classified banks into four categories: i) no
contagion, ii) low contagion, iii) moderate contagion and iv) high contagion. The next table shows the thresholds
we have used in the different asset classes to classify banks in the four groups just mentioned. In the case of
equity instruments, we have used the monthly share price performance from one month prior to the resolution
announcement until June 6", 2017, when the resolution took place as inputs. Regarding the AT1 and Tier 2
instruments, we use the asset swap spread (ASW) performance in basis points (bp) during the same timeframe.

Table 3. Calibration of the outcome

No Contagion Low Contagion Moderate Contagion High Contagion
Equity AEquity>0% 0%>AEquity>3% -3%>AEquity>-10% A Equity<-10%
AT1 AATI1<0 bp 0 bp<AATI<10 bp 10 bp<AATI1<25 bp AAT1>25 bp
Tier 2 ATier2<0 bp 0 bp<ATier2<10 bp 10 bp<ATier2<20 bp ATier2>20 bp
Degree of membership for the 0 025 075 1

outcome (Contagion)

Source: Authors
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4. Results and interpretation
4.1. Conditions and calibration

Table 4 shows the results of the necessary condition analysis. At first glance, it is evident in the first two columns
(fs_cont) that there is no necessary condition that leads to contagion because the consistency values are lower
than 0.9 (Garcia Alvarez-Coque, Mas-Verdu, & Roig-Tierno, 2017). However, when focusing on the absence of
contagion, we find that not being in the country where the resolution took place is a necessary condition to avoid
contagion (consistency 0.9). In addition, we have identified solvency as an almost necessary condition to avoid
contagion (Schneider, Schulze-Bentrop, & Paunescu, 2010). The results are in line with our initial proposition
highlighting that solvency and the country where the bank’s parent company is based are particularly relevant.
We acknowledge that in complex scenarios where several conditions can play a key role, finding a necessary
condition to determine a given output is rare. Therefore, the sufficient condition analysis that we develop next
highlights the combination of conditions that lead to contagion.

Table 4. Necessary condition analysis

Contagion Absence of Contagion
Conditions tested Consistency Coverage Consistency Coverage
Solvency 0.546157 0.533206 0.879387 0.553634
~Solvency 0.542793 0.874666 0.258550 0.268669
Asset quality 0.430186 0.669929 0.506002 0.508147
~Asset quality 0.684163 0.682305 0.671322 0.431733
Profitability 0.569733 0.714858 0.525064 0.424840
~Profitability 0.541605 0.638781 0.647591 0.492534
Size 0.439986 0.681020 0.426008 0.425210
~Size 0.628645 0.629407 0.680421 0.439308
Country 0.280374 0.833333 0.086957 0.166667
~Country 0.719626 0.550000 0.913043 0.450000

Note. The suffix “fs” means that the condition is calibrated, and “~” means the absence of the condition.

Source: Authors
4.2. Analysis of sufficient condition

The next table shows the results of the sufficiency analysis. We have developed two different models to deal with
the sufficiency condition analysis. Model 1 focuses on the solvency, asset quality, profitability and size
conditions, while Model 2 adds the country condition. The fact that Model 1 has three possible configurations
while Model 2 has six is explained by equifinality, one of the key properties of fSQCA. In this context, we
understand equifinality as the existence of multiple paths or solutions to a particular outcome (Elliot, 2013). For
each of the models, we find a group of combinations that lead to contagion. According to (Ragin, 2014), the
results obtained in both models are consistent (solution consistency >0.75). We present the results in the next
table, following Fiss (2011).
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Table 5. Sufficiency analysis

Contagion Contagion
(Model 1) (Model 2)
1 2 3 1 2 3 4 5 6

Solvency O O O O O . O
Asset Quality o O ° o o o o
Profitability . o ° ° o ° o )
Size o ° o o °
Country o o o
Unique coverage (cov.u) 0.436 0.315 0.185 0.188 0.201 0.237 0.113 0.056 0.218
Raw coverage (cov.r) 0.175 0.095 0.045 0.044 0.035 0.022 0.023 0.012 0.031
Consistency (incl.) 0.904 0.927 0.859 0.953 0.924 0.900 1.000 1.000 0.855
Solution coverage 0.577 0.525
Solution consistency 0.883 0.917

Note. As in Fiss (2011), ® means the presence of the condition. © means the absence of the condition. Large
circles mean the core condition, and small circles mean the peripheral condition.

Source: Authors

Regarding Model 1, we observe three different sufficiency configurations that could lead to interbank contagion
in the case of resolution. In particular, the first combination shows that banks with very low solvency levels
combined with low asset quality will experience contagion. The second combination again highlights weak
solvency as one of the key drivers for contagion, while the third configuration highlights a very weak asset
guality combined with a large volume of total assets.

Regarding the second model, when including the country condition, the results are in line with those obtained in
Model 1 and highlight the lack of solvency as one of the main drivers that lead to contagion. In addition, a weak
asset quality is once again relevant with regard to contagion. Finally, we clearly observe that belonging to the
country where the resolution has been triggered is also extremely relevant, as seen in combinations 4 and 5 in
Model 2.

Regarding the profitability and size conditions, the analysis shows mixed results, hence suggesting that these two
conditions are not key items for predicting contagion in a resolution environment.
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5. Conclusion

As per the best of the authors’ knowledge, this work represents the first study to use fsSQCA methodology in the
field of banking crises and banking resolution. This methodology proves to be particularly adequate in analyzing
complex causal relationships, therefore opening the door to the use of fsQCA in the study of financial crises and
the spillover effects of banking regulatory frameworks, among other areas.

Overall, the results indicate that banks with weak solvency metrics and a low asset quality tend to suffer higher
contagion when a resolution is announced. In addition, a bank belonging to the country where the resolution has
been triggered also tends to be related to a higher contagion risk. On the other hand, profitability and size seem to
be much less relevant with regard to interbank contagion.

In particular, from the necessary condition analysis, we can conclude that there is not a single condition that could
lead to contagion on a stand-alone basis. However, when focusing on the necessary conditions to avoid contagion,
we do observe that banks with high solvency ratios and/or banks not based in the country where the resolution
takes place generally do not suffer from contagion. Regarding a sufficient condition analysis, the conclusions are
straightforward, demonstrating that solvency, asset quality and the country where the bank is based are the three
key conditions that explain contagion.

The implications of this work may be relevant from an academic’s and practitioner’s viewpoint. Particularly from
a methodological viewpoint, this study opens the door to the use of fsSQCA in the field of banking crises and
banking resolution. We believe that fsSQCA, which combines fuzzy sets theory and quantitative qualitative
approaches, could become a widely used methodology to deal with uncertain and complex environments such as
financial crisis analysis in the future. Furthermore, this methodology could be used in future resolution cases,
which would increase the accuracy and the relevance of the conclusions obtained from the sufficient and
necessary condition analyses. Regarding the practical implications of this work, the conclusions reached
contribute to the banking supervisors and regulators’ better understanding of the contagion mechanism across
banks. In addition, the results highlight which banks could be subject to higher contagion as a result of triggering
a bank resolution. The findings of this study could also be used by investors and other market participants to fine-
tune investment strategies in scenarios in which the risk of banking resolution is high.
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