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Chapter 1  Introduction 


This dissertation thesis comprises three working papers on the selected topics in financial regulations, 
 supervision and financial stability. Chapters 2, 3 and 4 constitute each one of these essays. The current 
 Chapter 1 outlines the motivation for the thesis and summarizes the content of the papers.  


1  Motivation 


After  the  global  financial  crisis  of  2007-2008,  financial  regulations  have  strengthened,  supervision 
 became tougher and as a result, the resilience of banks and the financial systems have been improved 
 significantly. The full implementation of the post-crisis regulatory framework is still ongoing and the 
 supervision architecture has only been put in place, therefore, up-to-date studies are critically important 
 in understanding the potential regulatory and economic impact in order to define and calibrate new rules 
 and new ones and in adjusting the relevant policies in a timely manner. 


The purpose of this dissertation thesis is to examine in detail changes in banks’ investment decisions, 
 strategies  and  portfolio  adjustments  in  response  to  the  post-crisis  European  Union  (EU)  financial 
 regulatory  framework.  The  dissertation  seeks  to  answer  the  question  of  how  banks  have  actually 
 responded to the regulations and regulatory actions as an “ex-post” study.  A key focus of the analysis 
 is to assess the role of regulations and stricter supervision on balance sheet structures, portfolio riskiness 
 and financial performance in order to establish causal relationships and impacts. In doing so, we have 
 sought to identify and account for other potential drivers in adjustments, such as changes in incentives 
 and individual banks’ positions, and the interplay of multiple factors. 


Acknowledging the existence of the conflicts of interests arising from the information asymmetry and 
misalignment of the incentives between a bank’s managers, its shareholders and banking authorities, it 
is clear how important a well-functioning of bank monitoring is. In the economic analysis of the financial 



(10)2 


policies  and  supervision,  it  is  crucial  to  understand  the  economic  rationale  behind  the  actions  and 
 incentives  of  the  parties  involved.  Conceptually,  we  take  a  step  in  this  direction  by  distinguishing 
 supervision from regulations as a distinct tool for the scrutiny and oversight of established rules and 
 perform the challenging task of its effectiveness analysis.  


One of the important objectives of this dissertation thesis is to study the influence of financial regulation 
 and supervision on financial stability  across different countries and regions. However, going beyond 
 this,  it  ultimately  aims  to  offer  the  relevant  policy  recommendations  and  guidance  on  future 
 policymakers’ decisions based on the empirical evidence and economic analysis of the regulations and 
 supervision  mechanisms.  Each  of  the  three  essays  with  dedicated  chapters  in  the  dissertation  thesis 
 intends to accomplish these goals by answering a specific question. Chapter 2 deals with a question of 
 how banks that are subject to EU-wide stress tests adjust their portfolios and investment strategies in 
 response  to  the  regulatory  actions  and  scrutiny.  Chapter  3  attempts  to  establish  a  link  statistically 
 between  banking  supervision  and  economic  performance  in  risk-adjusted  terms.  Chapter  4  how  the 
 economic cycles affect the interactions and constraining factors between the leverage and capital ratio 
 under the Basel III regulatory framework. 


2  Overview 


This  collection  of  working  papers  with  corresponding  chapters  in  the  dissertation  thesis  analyse  the 
 responses  of  the  financial  institutions  on  regulatory  actions  and  regulations  of  the  post-crisis  EU 
 financial regulatory framework. 


The  first  essay  (Chapter  2)  entitled  “Regulatory  Stress  Tests  and  Bank  Responses:  Heterogeneous 
Treatment Effect in Dynamic Settings” with a corresponding article is a result of collaboration with my 
thesis  supervisor  Karel  Janda.  It  was  presented  at  the  20th  Annual  Conference  of  Finance  and 
Accounting in 2019 and is currently under review in the International Journal of Central Banking. In 
this  article,  we  investigate  the  changes  in  the  banks´portfolio  structures  and  investment  decisions 
associated with the regulatory stress test framework in the EU.  A number of studies indicate that the 
post-crisis implementation of the regulatory stress tests had a substantial impact on the changes in bank 
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behaviour  on  the  singular  institutional  level  (Acharya  et  al.,  2018;  Eber  and  Minoiu,  2016).  They 
 highlight a concern that the higher capital charges of the regulatory stress tests could lead to negative 
 effects on bank lending channel, while the enhanced scrutiny and higher disclosure requirements would 
 affect the investment decisions of the profit-maximizing banks. Hence, it is important to understand the 
 dynamics and extent of the changes in investment strategies and portfolios adjustments associated with 
 inclusion into the regulatory stress test framework in order to address it in relevant policies.  


First, our article contributes to this goal by developing a novel identification strategy with the application 
 of the causal inference and event study methods that allow us to analyse the responses of the stress tested 
 banks in time-dynamic settings. The results of our analysis document a substantial impact of EU-wide 
 stress tests in 2011, 2014 and 2016 on the banks’ portfolio strategies. The decline in banks´ riskiness is 
 attributable primarily to the reduction in risk-weighted assets, at the same time, the realized risk remains 
 unaffected. Second, we complement the findings of Pierret and Steri (2019) and highlight a benefit of 
 the regulatory scrutiny of the stress tests in parallel with the capital charges for adverse scenarios, which 
 has  the  corresponding  policy  implications  especially  for  the  larger  banks  in  the  EU.  This  study 
 contributes to the banking literature that specifically focuses on the investigation of the implications of 
 novel identification strategy with the application of the causal inference and event study methods for the 
 banking institutions e.g. Acharya et al. (2014, 2018); Bassett and Berrospide (2018).  


While  the  first  essay  examines  the regulatory  scrutiny  from  the regulatory  stress  tests, in  the  second 
essay (Chapter 3) entitled “Bank Supervision and Risk-Adjusted Performance: Evidence from Central, 
Eastern  and  South-Eastern  Europe”,  we  focus  on  a  broader  concept  of  supervisory  attention  and 
monitoring  efforts  without  limiting  to  the  specific  supervisory  program.  In  extending  the  studies  of 
Eisenbach  et  al.  (2016);  Hirtle  et  al.  (2019),  we  attempt  to  accomplish  a  more  challenging  task  and 
explore  the  distinct  impact  of  the  regulatory  scrutiny  and  supervision  activities  on  the  risk-adjusted 
performance  of  the  banking  institutions  in  Central,  Eastern  South-Eastern  Europe.  This  essay  was 
presented at the 21st Annual Conference of Finance and Accounting in 2020.  
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For several reasons, supervision is rarely examined separately from regulations. In the first place, it is 
 difficult to explore the regulation and supervision separately in a practical world, due to the overlapping 
 nature and their complex interactions (Ongena et al., 2013). Second, a relatively scarce amount of the 
 disclosed information exists about the supervisory activities on the national level. Hence, it is relatively 
 little  known  about  the  distinct  impact  of  supervisory’  monitoring  efforts  on  the  performance  of  the 
 banks.  


In this essay, our scientific contribution is first of all, that we outline a simple economic model based on 
 the economic analysis of the supervision (Dewatripont and Tirole, 1994; Laffont and Tirole, 1993) and 
 conceptual framework (Eisenbach et al., 2016) that allows us to support the arguments and provide a 
 structure  for  the  empirical  tests.  Our  main  hypothesis  is  that  the  supervisory  monitoring  efforts  are 
 associated  with  lower  riskiness  of  the  banking  institutions  and  simultaneously  not  impacting  their 
 economic performance. Second, for the empirical analysis, we develop a novel empirical strategy with 
 the  application  of  the  causal  inference  concepts  to  the  mediation-moderation  analysis.  We  exploit  a 
 cross-country  difference  in  supervisory  activities  measured  by  relevant  indexes  and  supervision 
 structure to analyse the potential effect of supervision scrutiny on the risk-adjusted performance of the 
 banking institution.  


The  theoretical  and  empirical  findings  of  our  analysis  highlight  the  potential  area  of  attention  for 
regulators  and  policymakers  and  therefore,  contributes  to  the  designing  of  effective  supervision 
mechanism  in  the  region.  Specifically,  our  results  indicate  that  a  higher  intensity  of  supervision 
activities, especially by the supranational form of supervision of the Single Supervisory Mechanism, is 
associated  with  the  reduction  in  the  risk  of  the  larger  banks  in  the  region  while  not  affecting  their 
economic  performance.  The  regulatory  power  and  stringency  indicate  a  positive  effect  on  the  risk-
adjusted performance for the capital constraint banks, but moderately decreasing the economic benefit 
for  the  larger  banks.  This  paper  also  contributes  to  the  latest  discussions  on  the  architecture  of 
supervision mechanism in the EU (Ampudia et al., 2019) and literature dedicated to the investigation of 
the  impact  of  regulations  and  supervision  on  the  bank  performance  e.g.  Bisetti  (2020),  Djalilov  and 
Piesse (2019).  
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The third essay (Chapter 4) with a title “Interactions between Basel III Leverage and Capital Ratio over 
 the Economic Cycle” was presented at two international conferences: the 17th Annual Conference of 
 Finance  and  Accounting  in  2016  and  the  XXI.  Theoretical  and  Practical  Aspects  of  Public  Finance 
 Conference in 2016. Later on, it was published in the European Financial and Accounting Journal (in 
 co-authorship with Karel Janda). In this article, we investigate the implications and effectiveness of the 
 microprudential  policy  on  Basel  III  leverage  ratio  as  an  additional  measure  to  existing  capital 
 requirements for the banking sector in the Czech Republic and across the CEE region. The following 
 points of primary interest in this study are important for the national supervisors of the banking sector: 


what degree of correlation exists between the leverage and capital ratio and their variables in different 
 economic  cycles  and  how  leverage  ratio  and  its  variables  respond  to  the  changes  in  business  cycles 
 across the CEE banking sector and in comparison to the Czech and Slovak banks.  


In this article, we identify the potential binding constraints from the regulatory limits and analyse the 
 interactions among ratios over the region’s economic cycle (from 2007 to 2016). The cyclical properties 
 of  the  ratios  are  assessed in  the  context  of  the  economic  cycles  in the  Czech  Republic  and  the  CEE 
 region.  This  article  provides  insights  with  a  regional  focus  on  the  CEE  region  and  therefore,  it 
 complements  the  literature  on  the  microprudential  capital  regulations  e.g.  Avery  and  Berger  (1991), 
 Estrella et al. (2000), Gropp and Heider (2010) and studies on the implications caused by the interactions 
 among regulatory requirements and macroeconomic factors e.g.  Adrian and Shin (2010, 2008); Brei 
 and  Gambacorta  (2016);  Kalemli-Ozcan  et  al.  (2011).  Our  results  confirm  that  the  leverage  ratio  in 
 normal  times  is  strongly  pro-cyclical  to  the  capital  ratio  and  counter-cyclical  in  the  crisis  period. 


Moreover, our findings point to the active balance sheet adjustments in response to the cyclical changes 
 and, therefore, we advocate in favour of constraining regulations on the leverage with relevant financial 
 policy implication on the national level.   


In summary, the findings of the three papers underscore a distinct role of the regulations, supervision 
and  regulatory  scrutiny  in  promoting  prudent  risk  management  practices  and  mitigating  risk  in  the 
banking industry. They highlight also the multifaceted nature of the regulations and emphasizes on the 
importance of considering not only the bank-specific characteristics and economic factors but also the 



(14)6 


incentives  and  dynamic  adjustments  in  evaluating  the  responses  of  the  financials  institutions  to  the 
regulations and regulatory actions. From a practical view, on the national and supranational level, the 
findings bring to light the potential implications for the relevant banking authorities and practitioners, 
thus seek to contribute to the financial stability and safety of the banking sector in the EU. 
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Chapter 2 



Regulatory Stress Tests and Bank Responses: 



Heterogeneous Treatment Effect in Dynamic Settings 


Abstract: 


In this paper, we investigate how the regulatory stress test framework in the European Union affects 
 banks’  investment  decisions  and  portfolio  choices.  Using  the  causal  inference  and  event  study 
 methodology, we document a substantial impact ofEU-wide stress tests in 2011, 2014 and 2016 on 
 the banks’ portfolio strategies. The banks subject to regulatory stress tests tend to structure their 
 portfolios with lower risk assets that is reflected in a decline in risk-weighted assets as compared to 
 the control group. At the same time, the dynamic of realized risk that is measured by the proportion 
 of non-performing exposure in portfolios remains unaffected. The estimates based on two alternative 
 subsamples indicate that the magnitude of such effect rise with the increase in the size of the bank´s 
 assets. 


Keywords: regulatory stress test, capital regulation, heterogeneous treatment effect, event study, 
 instrumental variable 


JEL classification: G20, G21, G28 
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1  Introduction  


In the post-crisis period, stress testing has emerged as one of the major tool used by regulators to assess 
 the  resilience  of  individual  institutions  and  financial  systems  to  economic  shocks.  Since  2010,  the 
 Committee of European Banking Supervisors (CEBS) and the European Banking Authority (EBA) have 
 been conducting a European Union (EU)-wide stress tests of the banking system with an aim to assess 
 the resilience of financial institutions to adverse market developments, as well as to contribute to the 
 overall assessment of systemic risk in the EU financial system. The EBA stress tests are conducted in a 
 bottom-up  fashion,  using  methodologies,  scenarios  and  key  assumptions  for  simplification  and 
 consistency reasons.   


A  number  of  studies  indicate  that  the  post-crisis  implementation  of  the  regulatory  stress  tests  had  a 
 substantial impact on the changes in bank behaviour on the singular institutional level (Acharya et al., 
 2018; Bassett and Berrospide, 2018; Pierret and Steri, 2019). The forward-looking nature of the stress 
 test exercises that allows projecting the amount of the capital required to maintain in the future under 
 the adverse economic conditions naturally leads to a variety of ex-ante responses of the banks. Given 
 the  high  level  of  complexity  of  banking  institutions,  the  diversity  of  business  models  and  portfolios 
 sensitivities there is a concern about the extent of the impact of banks’ adjustments to additional capital 
 requirements and enhanced regulatory scrutiny (Andersen et al., 2019; Bräuning and Fillat, 2019). This 
 paper addresses this issue by exploring in-depth the time-dynamic causal effect of regulatory stress tests 
 on  a  bank´s  investment  strategies  and  portfolio  choices.  From  a  financial  stability  perspective,  it  is 
 crucial to know how the banks react to enhanced scrutiny and adjust their balance sheets over the longer 
 time horizon because this reaction can have a substantial impact on other financial intermediaries, thus 
 affecting the real economy.  


The  focus  of  our  article is on  the investigation  of  changes  in the  portfolio structures  and  investment 
 decisions  associated  with  EU-wide  stress  test  rounds  in  2011,  2014  and  20161.  We  develop  a  novel 


      


1 The results of EBA stress test in 2018 are not considered in our analysis, because they are out of scope of our 
econometric approach i.e. as an “ex-post” study we compare forward-looking values with historical data.  
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empirical  strategy  within  the  econometric  framework  of  the  causal  inference  and  event  study.  The 
 heterogeneity of treatment effect is studied on the group and individual unit level and by taking into 
 consideration  a  variation  in  the  timing  of  the  events.  The  difference-in-difference  estimator  in 
 generalized form has been employed to evaluate the treatment effect in time-dynamic settings. Next, we 
 study  the  heterogeneity  of  treatment  effect  on  individual  unit  level  by  employing  an  instrumental 
 variable  (IV),  that  is  manually  constructed  on  the  basis  of  the  publicly  available  results  of  EBA 
 regulatory stress test rounds in 2011, 2014, 2016 and methodologies of  Acharya et al. (2014); Eber and 
 Minoiu (2016). 


We  find  that  regulatory  stress  testing  contributes  to  a  decline  of  risk  density  of  portfolios,  which  is 
 mostly attributable to a decrease in its numerator i.e. risk-weighted assets. Seemingly it does not affect 
 the realized risk that is measured by the proportion of non-performing exposure in portfolios. We argue 
 that regulatory stress testing incentivizes banks to altering a mix of assets in their balance sheets towards 
 less capital-intensive areas, while the overall risk remains seemingly unchanged. On the other hand, we 
 observe that the enhanced regulatory scrutiny prevents the stress-tested banks from engaging in risky 
 behaviour i.e. increase risk in a portfolio or excessive loan growth. Thus, the regulatory stress testing 
 fulfils its objective of promoting prudent risk management practices. Our results are robust in a number 
 of alternative specifications such as: modelling with instrument variable in the continuous form within 
 the treated sample and under less restrictive assumptions of the structural equations and based on the 
 alternative samples. 


Our contribution to the literature is twofold. First, our study contributes to the banking literature that 
 specifically focuses on investigating the implications of regulatory policies on stress testing and capital 
 requirements for the banking institutions (Ahnert et al., 2018; Bassett and Berrospide, 2018; Calem et 
 al., 2017; Cohen and Scatigna, 2016; Cortés et al., 2018; Goldstein and Sapra, 2014; Gropp et al., 2018; 


Mésonnier and Monks, 2014; Pierret and Steri, 2019; Schuermann, 2013; Stádník et al., 2016; Sutorova 
and Teply, 2013; Vozková and Teplý, 2018). We extend this literature by providing evidence, based on 
the novel identification strategy with the application of the causal inference methods that allow us to 
isolate the effects of regulatory stress test from other capital regulations and analyse the heterogeneity 
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of treatment  effect  in  time-dynamic  settings.  Second, our results  have important implications for the 
 supervisors since we shed some light on the dynamic of bank behavioural responses to the regulatory 
 scrutiny of stress tests.  


The  rest  of  this  article  is  structured  as  follows:  Section  2  reviews  the  prior  literature,  institutional 
 background and develops our hypotheses; Section 3 provides details on the dataset, the sample matching 
 strategy and description of the variables; Section 4 elaborates the identification strategy and describes 
 the empirical methods in detail; Section 5 presents results of empirical methods; Section 6 provides a 
 series of robustness checks for testing the results of baseline specification; Section 7 summarizes the 
 results and implications and concludes the study. 


2  Related literature and institutional background 
 2.1 Literature review 


The role of the regulatory stress testing and its impact on financial stability and institutions have attracted 
 recently considerable attention from researchers and policymakers. There are several strands of literature 
 in  this  context.  The  first  stream  of  literature  is  dealing  with  questions  of  optimal  disclosure  and 
 asymmetric  information  associated  with  it.  The  second  one  focuses  on  the  reaction  of  markets  and 
 investors to the announcements of the regulatory stress tests events and published results. The studies 
 that investigate the impact of regulatory stress tests on the individual bank's conduct due to the additional 
 capital requirements and stricter supervision are the closest to our analysis.  


It is well known that the banks are complex institutions whose assets are difficult to evaluate by external 
parties, for  example,  creditors,  regulators  or  other  market  participants. The  benefits of  managing  the 
asymmetry information in lending markets are clearly emphasized in seminal works of Campbell and 
Kracaw  (1980);  Diamond  (1984);  Leland  and  Pyle  (1977).  Given  the  high  level  of  information 
disclosure of the insights into portfolio risk and balance sheets of the financial institutions, there are a 
number  of  studies  highlighting  the  concerns  about  the  hidden  costs  of  disclosing  banks  financial 
information and stress test results. For example, Goldstein and Sapra (2014) argue that by promoting 
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financial stability and market discipline from a macro-prudential perspective, disclosure of stress test 
 results may exacerbate bank-specific inefficiencies by changing the ex-ante incentives of managers. As 
 stress  tests  become  routine,  supervisors  need  to  be  mindful  of  potential  disadvantages  of  detailed 
 disclosure  of  the results at the bank-specific level. The  reduction in risk-sharing opportunities  in  the 
 interbank market and potential panics among bank creditors and other bank counterparties are important 
 consequences associated with it. Some researchers also point out the issues with the interpretation of 
 published results of stress tests e.g. it might imply an official endorsement of the health of an institution 
 (Schuermann, 2013) or implicit assurance that regulators would in some way absorb losses in excess of 
 the stress test estimates (Flannery, 2013).  


Goncharenko  et  al.  (2018)  suggest  that  the  information  disclosure  lowers  the  expected  risk-adjusted 
 profits for a non-negligible fraction of banks. In their empirical analysis of 2011 and 2014 stress tests, 
 they  conclude  that  the  magnitude  of  this  effect  depends  on  the  structure  of  the  banking  system. 


Alarmingly, it is more valid for the largest and systemically important institutions. The differences in 
 the level of disclosure between the stress-tested banks and non-stressed ones create the informational 
 asymmetry and impede a market of risk-sharing (Georgescu et al., 2017). This increases volatility on 
 interbank markets and leads to the discrepancy between banks funding costs and their risk profile. 


Macroprudential regulations of the financial institutions intend to reduce the risks to the financial system 
 by building-up the capital buffer in the system large enough to absorb the losses in adverse economic 
 conditions.  Acharya  et  al.  (2014)  argue  that  these  regulations  force  institutions  to  internalize  their 
 contribution to systemic risk. In this respect, there is a vast body of literature dealing with channels of 
 transmission of the additional capital requirements, regulatory monitoring costs and their implications.  


Among  the  primary  channels  of  the  transmission  are  the  adjustments  in  bank´s  balance  sheets  or 
portfolio  composition  structure  (Bräuning  and  Fillat,  2019).  They  suggest  that  while  the  individual 
portfolios  of  the  largest  US  banks  have  become  more  diversified,  the  greater  convergence  of  the 
portfolios held by these banks may be inadvertently increasing the aggregate banking sector’s systemic 
risk  factors.  Acharya  et  al.  (2018)  investigate  the  risk-taking  behaviour  of  US  banks  subject  to  the 
regulatory  stress  tests  since  the  Dodd-Frank  Act.  Their  findings  are  consistent  with  the  “risk 
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management hypothesis”, under which stress-tested banks reduce credit supply, particularly to risky 
 borrowers  with the  aim  of  decreasing their  credit risk.  Also, their  results  do  not  support the  “moral 
 hazard hypothesis”, according to which these banks expand credit supply especially to risky borrowers 
 that pay high spreads and as a result increase their risk. Acharya et al. (2015) provide an in-depth analysis 
 of how the capital requirements can address moral hazard problems in banking associated risk shifting 
 and managerial under-provision of effort in loan monitoring.  


There  is  mixed  empirical  evidence  on  the  impact  on  lending  activities  and  credit  supply.  Some 
 researches point out a negative effect on lending activities e.g. Mésonnier and Monks (2014) use the 
 banks´ balance sheet data to show that overall loan growth decreased at the banks included in the EBA 
 stress test exercise. They find that forcing a banking group to increase its core tier 1 capital by 1 per cent 
 of risk-weighted assets was associated with a decrease of 1.2 percentage points in credit supplied by 
 banks  in  the  same  group  over  the  nine-month  period  of  the  capital  exercise.  Similarly,  Gropp  et  al. 


(2018)  show  that  banks  in  the  2011  European  Banking  Authority’s  capital  exercise  increased  their 
 capital ratios not by raising their levels of equity, but by reducing the credit supply. The lending volumes 
 to firms decrease for banks subject to the EBA’s 2011 capital exercise relative to those that were not 
 included. As a result, firms more exposed to EBA banks reduce total assets, fixed assets, and have lower 
 sales  following  the exercise.  Eber and  Minoiu  (2016)  using  the regression discontinuity  approach  to 
 EBA´s stress testing framework, find that banks adjust to stricter supervision by reducing their leverage, 
 and most of the adjustments stem from shrinking assets rather than from raising equity. In contrast, the 
 results of Bassett and Berrospide (2018) show that among the stress-tested banks in the US, more capital 
 is associated with higher loan growth. The higher capital implied by supervisory stress tests relative to 
 that suggested by the banks’ own models does not appear to unduly restrict loan growth. The studies of 
 Cortés et al. (2018) show that post-crisis stress tests have altered banks’ credit supply to small business. 


The stress-test-affected banks raise interest rates on small business loans and reduce the supply of credit 
 to  risky  borrowers.  Similarly,  Pierret  and  Steri  (2019)  indicate  that  stress  tests  effectively  prevent 
 excessive  risk-taking  by  bringing  stricter  supervision on  the investment  portfolios  of  stressed  banks. 


Though, the higher capital requirements are not a substitute for regulatory scrutiny to promote prudent 
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lending.  They  argue  that  the  correction  in  regulatory  capital  charges  originating  from  stress  tests 
 effectively reduces risky lending.   


A number of empirical papers perform the event studies and document a strong market reaction to the 
 announcement of dates and results of stress tests (Ahnert et al., 2018; Candelon and Sy, 2015; Carboni 
 et  al.,  2017).  Most  of  the  studies  indicate  that  the  investors  gained  valuable  information  due  to  the 
 disclosure. For example, Petrella and Resti (2013) suggest that the EBA stress test in 2011 achieved its 
 goal to restore confidence and to curb bank opaqueness by helping investors distinguish between sound 
 and fragile institutions. While comparing the outcomes of the results of EBA stress tests to those from 
 alternative methodology on the calculation of capital shortfall (SRISK) that relies on publicly available 
 market data, Acharya et al. (2014) conclude that the continued reliance on regulatory risk-weights in 
 stress tests appears to have left financial sectors undercapitalized.  This happened especially during the 
 European sovereign debt crisis, and it likely also provided perverse incentives to build up exposures to 
 low risk-weight assets.  


Another stream of literature is related to the discussions on the calibration of methodologies of stress 
 tests from macro and microprudential perspective (Andersen et al., 2019; Stádník et al., 2016; Witzany, 
 2017a). In the EU, EBA stress tests are run under the static balance sheet assumption. In the so-called 


“constrained bottom-up” stress test (European Banking Authority, 2016; European Central Bank, 2019), 
 maturing assets and liabilities are replaced with similar financial instruments, and management actions 
 are restricted. This methodology does not allow for mitigating management actions, such as changes in 
 the composition and size of the balance sheet. In this view, some researchers perform the stress tests 
 under  the  alternative  assumptions  that  are  acknowledging  a  broad  set  of  interactions  and 
 interdependencies between banks, other market participants, and the real economy (Budnik et al., 2019; 


Busch et al., 2017). They highlight the importance of the initial level of bank capital and bank asset 
quality. Based on the assessment of the publicly disclosed results for four rounds of stress tests in the 
US, Glasserman and Tangirala (2016) find that the stress testing process has evolved and its outcomes 
have  become  more  predictable. Therefore,  they  are  arguably  less informative  to  market  participants. 
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They suggest an opportunity to get more information out of the stress tests through the greater diversity 
 in the scenarios to be used.  


2.2 Institutional framework of EU-wide stress tests and hypotheses development  


The EU-wide stress test is part of the supervisory toolkit used by banking authorities to assess banks’ 


resilience  to  adverse  shocks.  It  aims  to  strengthen  market  discipline  and  transparency  through  the 
 publication of consistent and granular data on a bank-by-bank level. The first stress test exercises were 
 conducted in 2009, 2010 on the EU level by the Committee of European Banking Supervisors (CEBS) 
 and  later  on  by  European  Banking  Authority  (EBA).  With  the  introduction  of  Single  Supervisory 
 Mechanism (SSM) in 2014, EU-wide stress test is the second pillar of EBA Comprehensive Assessment 
 (CA) along with the Asset Quality Review (AQR) as the first pillar. The EBA stress test rounds were 
 conducted in 2014, 2016 and 2018. 


The  regulatory  EU-wide  bank  stress  tests  are  the  analyses  to  assess  the  capitalization  of  banks  on  a 
 forward-looking  basis  under the  economic  shocks. They  test  how  the  decline  in  profitability  and the 
 quality of the bank’s assets under adverse economic conditions translates into a hypothetical loss. The 
 riskiness of the banks‘ assets increases in the stress scenario, resulting in higher regulatory risk-weights 
 assigned  to  risky  exposures  and  correspondingly  lower  the  post-stress  capital  ratios  defined  as  a 
 percentage  of  risk-weighted  assets.  The  economic  scenarios  usually  cover  “baseline”  and  “adverse” 


cases, and they are forward-looking over 2-3 years horizon. To assess the capital adequacy of all banks 
 subject to the stress test exercise from 2011, the EBA uses one of the main measures, the capital ratio 


“Common Equity Tier 1 Ratio” defined as: 


𝐶𝐸𝑇1𝑅𝑡= 𝐾𝑡


𝑅𝑊𝐴𝑡,                 (1) 


where  𝐾𝑡denotes a Common Equity Tier 1 capital, that consists primarily of the common equity and 
earnings without considering any additional or hybrid capital.  𝑅𝑊𝐴𝑡 is the risk-weighted assets measure 
at the end of reporting period t.  
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In essence, supervisory stress tests can be considered as dynamic capital requirements that impose risk-
 sensitive capital buffers on banks. They account explicitly for expected deterioration stemming from 
 adverse economic conditions. From a theoretical perspective and assuming that capital is a higher cost 
 source  of  funding  than  the  bank  would  otherwise  employ,  risk-sensitive  capital  requirements  create 
 stronger incentives for banks to limit risk-taking activities (Bassett and Berrospide, 2018). Following 
 theoretical and empirical literature that relates the level of capital to optimal investment behaviour by 
 banks, we formulate our hypotheses about the impact of the hypothetical capital gap or extra capital 
 implied  from  the  supervisory  stress  tests  on  the  banks’  conduct.  The  risk  management  hypothesis 
 (reduction in credit supply) and the moral hazard hypothesis (increase in credit supply) of stress tests 
 are proposed and tested in (Acharya et al., 2018, 2015; Cohen and Scatigna, 2016). In their studies, they 
 indicate  the  channels  set  forth  through  which  bank  capital  regulations  impact  bank  risk-taking  and 
 lending decisions. These channels are derived under the view that depending on how strong their existing 
 capital positions are, banks may have incentives to reduce or expand their lending or in other words to 
 change  the  investment  strategy  or  portfolio  structure  in  response  to  the  available  capital  resource. 


Therefore, we focus primarily on the causal effects of regulatory stress tests  on banks’ risk behaviour 
 and  performance  from  the  perspective  of  actual  and  targeted  capital,  that  banks  could  employ  or  on 
 opposite lack as a result of the supervisory stress tests. In addition, the bank units subject to regulatory 
 stress tests face enhanced scrutiny through the qualitative assessments of portfolio and capital plans. 


This monitoring and supervision effect of regulatory stress tests should incentivize banks to follow more 
 prudent  business  practices  when  making  investment  decisions  and  portfolio  risk  management.  From 
 these  standpoints,  we formulate  the  specific  questions  that  we  attempt  to  answer  using  the  proposed 
 empirical methods:   


i) Do the banks adjust their portfolios and investment strategies in response to the regulatory stress tests? 


ii)  How  heterogeneous  is  the  impact  within  the  treated  group  i.e.  when  we  consider  the  banks 
 participating in three rounds of EBA stress tests? 


 iii) How the inclusion into the regulatory stress test affects the ex-post realization of risk measured by 
a proportion of non-performing loans in the portfolio? 



(24)16 


3  Data  


3.1 Dataset construction and sample matching strategy 


The first step of data construction consists of a mapping of individual banks that participated in the EU-
 wide stress test rounds in 2011, 2014 and 2016. The banks from this sample belong to the treated group 
 and will hereon be referred to as “stress-tested” banks. While the other banks that never participated in 
 the regulatory stress test, belong to the control group and are named as “non-stressed banks”.  


For compiling the treated group, we use the published results of stress tests in 2011, 2014 and 2016 
conducted by the EBA. The financial institutions are located in the EU and EEA countries with Single 
Supervision Mechanism  and  the  Denmark,  Norway,  Sweden  and  the  UK. The  number  of  banks  that 
participated in separate stress tests were 90 in 2011, 123 in 2014 and 51 in 2016. The earlier results of 
the  regulatory  stress  test  performed  by  CEBS  in  2010,  were  excluded  from  our  study  because  the 
methodology of the stress test and metrics of results deviate from those used in other stress tests. Thus, 
this could distort the consistency of findings from analysis on the individual bank level. Naturally, we 
also do not consider the results of 2018 stress test. Because of the forward-looking metrics, the 2018 
stress  tests  are  not  suitable  for  our  econometric  approach  i.e.  comparison  of  ex-post  results  with 
historical data. Figure 2.1 depicts the timeline of the stress tests and observational window, as well as 
the  statistics  on  our  participating  banks.  The  entire  dataset  covers  the  period  2011-2018  and  is 
represented by the balance sheet and risk metrics of the fiscal year-end (that is a calendar year-end). The 
period is censored to the window of 8 years from the first declared regulatory stress test exercises until 
the year 2018. This time horizon, in our view, captures both short term and long term effects on the 
adjustment in strategies of banks. Our underlying hypothesis is that the effect from enhanced regulatory 
scrutiny of the stress test is not static but that it is evolving over the time horizon e.g. from stronger 
effect during the first rounds to the weaker effect of the last rounds. This serves as a basic assumption 
for our identification strategy discussed later in the paper.  
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 Figure 2.1. EU-wide stress tests timeline and our sample 


         observation window       


                                      


                                      


EBA stress tests dates: 


(from announcement to 
 published results)  


2010  2011  2012  2013  2014  2015  2016  2017  2018  2019 
   


30.10.2018-02.11.2018                          x       


05.11.2015-31.07.2016                    x             


31.01.2014-26.10.2014              x                   


13.01.2011-17.07.2011     x                            


18.06.2010-25.07.2010  x                               


# banks tested  91  90        123     51     48       


of which in our sample  n/a  70        110     51     n/a       


Figure 2.1 depicts the timeline of stress tests considered in this study. The observation period is censored to the 
 window of eight years to cover three rounds of stress tests conducted by CEBS and EBA in 2011, 2014 and 2016. 


We exclude the results of stress tests in 2010 by CEBS, since their metrics are not consistent with others. We do 
 not include the most recent 2018 since they are out of scope i.e. we perform an ex-post study. The figure includes 
 the statistics on the number of bank participants in the stress test rounds and in our sample (treated group). All 
 data is taken from the official stress test reports available on the EBA website.


As a next step, we merge by name the financial institutions which are a part of EU-wide stress tests 
 (treated group) with financial data obtained from the database Bureau van Dijk BankFocus.  Similarly, 
 the sample of the control observations is obtained from the database Bureau van Dijk BankFocus. The 
 financial data are further enhanced by manually extracted financials from annual reports and calculations 
 to fill in the gaps in the data pool. For the financial data from the database, we apply an economic filter 
 to  include  the  commercial  and  savings  bank  institutions,  and  to  sort  out  the  non-bank  financial 
 institutions e.g. clearinghouses or institutions that fall under the category “bad banks” (e.g. Heta Asset 
 Resolution AG). The dataset has been refined by excluding the governmental entities e.g. National Bank 
 of Greece, and by uniting some of the separate entities belonging to the same holding e.g. Raiffeisen 
 Group under the single entity to observe the dynamics over three rounds of the stress tests.  


The EU-wide regulatory stress tests were run at the highest level of consolidation, thus we exclude the 
 subsidiaries of the multinational banking groups2. By doing a manual check of the data, we find a number 
 of banks that were merged, divested or liquidated over the period 2011-2018. We purge them of our 
 dataset along with the banks reporting substantially missing data or errors, for example, due to changes 
       


2 In case of countries, e.g. Latvia, Luxemburg, Malta, Slovenia, where the bank sector is small and mostly represented by 
subsidiaries of large multinational banking groups which are systemically important on national level, we include them 
into the control group to provide a more feasible counterfactual on country level.  
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in the ownership, level of consolidation, etc. As a result of all these modifications, we obtain the final 
 sample  of 442  bank  units. This includes  111  stress-tested  banks  in  the treated  group and the control 
 group of 332 units that never took part in the EBA stress tests. The effect of removal of the merged, 
 divested and liquidated banks results in a reduction of the sample by approximately 5%. 


The choice of the control group is critically important for estimating the causal effects to ensure the 
 randomized set-up. Therefore, we need an appropriate matching strategy that allows us to combine it 
 with the average treatment effect and the potential outcome framework. By selecting the units for the 
 control group, we consider i) observable bank characteristics for selection into the program; ii) level of 
 capitalization; iii) geography of entities in the treated group.  


The  participation  in  the  EU-wide  stress  test  exercise  was  not  randomly  assigned  to  the  banks.  The 
 selection into the sample is based on the several criteria, such as the size of the assets of the banking 
 group and highest ranking for systemically important institutions on the national level (more detailed in 
 Appendix Table 2.11). EBA selection criteria result in the stress-tested banks being on average larger 
 than non-stressed banks. In our sample, the minimum size of total assets for the banks which participated 
 in the EU-wide stress test in 2011 was approximately 500 million EUR (Colonya, Caixa D'estalvis De 
 Pollensa). This amount serves as a minimum threshold for selecting the banks into the control group. 


To mitigate concerns that our results are driven by cross-country differences, such as national regulatory 
 interventions or business cycles, for the control group we choose the banks located in similar countries 
 as treated 3. Panel A in Table 2.1 exhibits the bank characteristics of all banks in the sample, while Panel 
 B reports characteristics of separate groups of treated and non-treated units, and provides the results of 
 t-test on significance in the difference in mean. The full list of the bank in the treated group is provided 
 in Appendix Table 2.12.  


      


3   The treated group comprises of banking institutions from the following countries: AT, BE, CY, DE, DK, ES, FI, FR, GR, 
HU, IE, IT, LU, LV, MT, NL, NO, PL, PT, SE, SI and UK 
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Table 2.1. Descriptive statistics of treated (stress-tested) and control (non-stressed) groups in 
 sample 


Panel A  Panel B 


Variable All banks    Treated  Control  t-test 


Mean  Std. 


dev  Median     Mean  Mean  Difference  t-stat  p-value  sig 


Risk and performance metrics                            


RWATA (risk density)  0.44   0.20   0.43     0.39   0.46   -0.07   -7.189   0.00   *** 


Risk Weighted Assets (log)  9.08   1.74   8.51     10.46   8.63   1.83   22.591   0.00   *** 


NPL ratio  0.07   0.09   0.03     0.09   0.06   0.03   7.923   0.00   *** 


Loan Volume (log)  9.33   1.94   8.81     10.77   8.80   1.97   23.276   0.00   *** 


Bank characteristics     


CET1 ratio  0.16   0.07   0.14     0.16   0.16   -0.01   0.413   0.68     


Capital Adequacy Ratio  0.18   0.07   0.17     0.18   0.18   0.00   -0.363   0.71  


Size (log TA)  9.45   1.65   9.34     11.40   9.45   1.95   23.249   0.00   *** 


Liquidity Ratio  0.20   0.16   0.14     0.17   0.20   -0.03   -5.847   0.00   *** 


Funding Ratio  0.75   0.24   0.83     0.71   0.75   -0.04   -4.934   0.02   *** 


Cost-to-income ratio  0.65   0.33   0.64     0.62   0.65   -0.03   -2.144   0.03   *** 


Net Interest Margin  2.02   2.76   1.56     1.56   2.02   -0.46   -4.142   0.00   *** 


Total number of bank units  442  110  332             


In Appendix Table 2.9 we provide more detailed definitions of the variables and sources of information. 


The stress tests represent the forward-looking capital requirements on a single bank-unit level and in 
 standard practice, these are a part of the internal process of capital targets setting. Thereby, the existing 
 level of capitalization plays a significant role in ex-ante portfolio choice and in the setting of the banks’ 


capital  targets  (Andersen  et  al.,  2019;  Camara  et  al.,  2013).  In  order  to  capture  the  single  effect  of 
 regulatory stress test from other capital regulations and in order not to distort the assessment of average 
 treatment effect, we match the control group by a similar level of capitalization to those of the treated 
 group. The final result is tested by performing the t-test for the two groups of units, depicted on Panel 
 B in Table 2.1. 


3.2 Variables and descriptive statistics 
 Outcome variables 


The outcome variables of our interest are the risk indicators that are commonly used as measures of 
portfolio riskiness: the annual change in the “risk density” that is a  ratio of the risk-weighted assets to 
total  assets  (RWATA)  and  the  annual  change  in  the  ratio  of  non-performing  loans  to  total  portfolio 
(NPL)  (Berger  and  Bouwman,  2012;  Camara  et  al.,  2013;  Janda  and  Kravtsov,  2018;  Jeitschko  and 
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Jeung, 2006; Teplý et al., 2015). RWATA shows the proportion of risky assets in the portfolio, but it 
 may also reflect the manager’s choice and strategy with respect to the asset mix in the portfolio.  The 
 second dependent variable (ΔNPL) is an annual change in the ratio of non-performing loans to the total 
 loans on the balance sheet. Our third dependent variable (ΔLOAN) denotes the annual change in loan 
 volumes and captures the effect on the banks’ lending activities. It describes the portfolio growth and 
 can be analysed in the context of applied risk indicators. For example, the changes in loan volumes are 
 associated with standard banking operations and may reduce the NPLs ratio, but an abnormal growth 
 rate would indicate too risky strategy that eventually could result in deterioration of the portfolio quality 
 (Zhang et al., 2016).  


Observable bank characteristics (Controls) 


The participation in EU-wide stress tests exercises was assigned according to the size of assets on the 
 single  bank  unit  level  and  also  on  the  national  level  to  cover  the  total  assets  of  50%  of  the  country 
 banking sector. The explicit selection rule based on bank size implies that selection into the regulatory 
 stress test exercise was based on observable characteristics. We exploit this exogenous variation in the 
 bank selection rule for the selection of relevant observable covariates of the treated and control group. 


These matching covariates capture potential differences also associated with the size of assets, such as 
 business  model  and  efficiency,  funding  and  liquidity  strategies.  Hence,  upon  the  knowledge  of 
 observable characteristics and excluding the possibility of self-selection into the program, we restore 
 the randomization in “non-experimental” design (Wooldridge, 2012).  


The business model, efficiency and performance are represented by ratios of net interest margin (NIM) 
and cost to income ratio (COST) (Kuc and Teply, 2015; Teplý et al., 2015). NIM reveals the amount of 
money  that  a  bank  is  earning  in interest  on  loans  compared  to  the  amount it  is  paying  in  interest  on 
deposits. Net interest margin varies among banks depending on their business models. Similarly, the 
cost-to-income  ratio  differentiates  between  institutions  emphasising  commercial  banking  and  retail 
activities (Roengpitya et al., 2017). Less efficient banks or institutions with higher non-interest income 
may have been tempted to take higher risks to offset the loss of return due to the higher capitalization 
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or  low-interest  environment  (Vozková  and  Teplý,  2018).  The  funding  and  liquidity  structure  are 
 represented by ratios of customer deposits to total liabilities (DLR) and liquidity ratio (LAR) of liquid 
 assets, such as cash and short-term tradable securities to total assets. The larger institutions tend to have 
 a larger proportion of wholesale funding and with a reference to regulations on Liquidity Coverage Ratio 
 (LCR),  Net  Stable  Funding  Ratio  (NSFR)  they  are  penalized  for  the  dependence  on  shorter-term 
 funding, therefore the funding and liquidity structure is important characteristic to account for. The level 
 of capitalization is measured in our analysis by capital adequacy ratio (CAR) that is a ratio of regulatory 
 capital to total risk-weighted assets. Similarly, many of the larger size banks are a subject to additional 
 capital requirements because of the systematically important institutions, therefore they are required to 
 maintain higher capitalization level e.g. countercyclical capital buffers, systemic risk buffers, etc. These 
 are not a part of the core capital i.e. CET1 ratio and therefore, we consider them as heterogeneous bank 
 capital characteristics.  


3.3 Effect of capitalization on portfolio adjustments in treated and control groups 


By set-up, the supervisory stress tests can be considered as dynamic capital requirements that impose 
 risk-sensitive capital buffers on banks in case of hypothetical adverse economic conditions. Even though 
 there  is  no  final  consensus  between  theory  and  empirical  evidence,  how  the  regulatory  capital 
 requirements impact bank´s risk and investment strategies, most researches admit a strong link in such 
 relationship (Aggarwal and Jacques, 2004; Berger and Bouwman, 2012; Besanko and Kanatas, 1996; 


Furlong and Keeley, 1991; Jeitschko and Jeung, 2006; Lindquist, 2003; Shrieves and Dahl, 1992).  In 
our sample, we also observe that the changes in capitalization (CET1 ratio) affect both groups of the 
stress-tested  banks  (treated)  and  non-stressed  banks  (control).  In  both  groups,  it  is  evident  that  the 
increase in the capital ratio is associated with a decline in risk-density (RWATA) that is a ratio of risk-
weighted assets to total assets. In Table 2.2, the columns (1) and (2) coefficients exhibit the statistical 
significance for the outcome variable of the annual changes in risk density ratio (RWATA). Such effect 
is  mostly  due  to  the  decrease  in  risk-weighted  assets  (RWA)  in  columns  (6)  and  (7)  that  can  be 
attributable to a variety of reasons from portfolio optimization, changes in business models, or approach 
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to  the  calculation  of  risk-weighted  assets  (both  ratios  share  the  component)  e.g.  from  the  standard 
 approach to the internal rating-based (IRB), advanced-IRB, etc. Notably, we observe no impact on the 
 changes  in  the  quality  of  portfolio  measured  as  a  proportion  of  non-performing  exposure  to  total 
 portfolio, while there is a simultaneous decrease in the loan volumes indicated for both groups.   


Table 2.2. Changes in capital ratio and portfolio composition in the treated and control group 


Dependent Variable Annual Change (in pp or %) 


(1)  (2)  (3)  (4)  (5)  (6)  (7)  (8)  (9)  (10) 


VARIABLES  RWATA 
 Treated 


RWATA 
 Control 


NPL 
 Treated 


NPL 
 Control 


RWA 
 Treated 


RWA 
 Control 


LOAN 
 Treated 


LOAN 
 Control 


TA  
 Treated 


TA  
 Control 
 ΔCET1R  -0.006***  -0.004***  -0.000  -0.000  -0.021***  -0.015**  -0.005**  -0.006*  -0.001  -0.002 


(0.002)  (0.001)  (0.001)  (0.000)  (0.006)  (0.006)  (0.002)  (0.003)  (0.004)  (0.002) 
 Constant  0.338  0.458***  -0.092  0.051  -1.233  0.527  -2.778***  -1.222*  0.050  -0.047 


(0.521)  (0.139)  (0.262)  (0.075)  (0.973)  (0.935)  (0.686)  (0.642)  (0.076)  (0.091) 


Unit FE  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 


Time FE  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 


Controls  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 


Observations  547  1,497  479  1,329  549  1,486  547  1,510  546  1,512 


R-squared  0.268  0.249  0.363  0.254  0.322  0.407  0.321  0.343  0.361  0.397 


Adj R2 0.100  0.0545  0.213  0.0507  0.165  0.251  0.165  0.176  0.217  0.245 


F test  0.000  0.000  0.003  0.001  0.000  0.000  0.000  0.000  0.000  0.000 


In Table 2.2, we report the results of the regression model: ∆𝑌𝑖𝑡=   𝛼𝑖+ 𝛿𝑡+ 𝛽2∆𝐶𝐸𝑇1𝑅𝑖𝑡+ 𝛾′𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑡+   𝜀𝑖𝑡 , where 𝛼𝑖 is 
 unit and 𝛿𝑡 is a year fixed effect, and 𝜀𝑖𝑡 is i.i.d error term.  The observed outcome ∆Yit denotes annual changes in portfolio 
 metrics such as risk density (RWATA), realized risk (NPL), loan volumes (LOAN) and total assets (TA). Importantly, one of 
 our controls is the explanatory variable ∆Cit  that represents the annual change in Common Equity Tier 1 capital ratio as: ∆Cit=
 𝐶𝐸𝑇1𝑅it− 𝐶𝐸𝑇1𝑅it-1. Finally, we control on bank-specific observable characteristics, namely: the size of the bank's assets, a 
 level of efficiency, funding and liquidity structure, capitalization, with more details described in Section 3.2.  


Note: Robust standard errors are presented in parentheses and statistical significance is denoted as *** p<0.01, ** p<0.05, * 
 p<0.1.  The  standard  errors  are  clustered  on  the  bank-unit  level  to  alleviate  the  heteroscedasticity  bias.  To  test  for 
 multicollinearity issues in this specification, the Variance Inflation Factor (VIF) was computed. The results of the test (all VIFs 
 close to 1) confirm the absence of multicollinearity issues. 


This  preliminary  analysis  implies  that  the  regulatory  stress  tests  can  affect  portfolio  structure  and 
investment decisions ex-ante through the difference in capital planning processes. So our task is to build 
up the identification strategy that allows, first of all, to isolate the effect of the regulatory stress testing 
from others, mostly the regulatory capital regulation and policies. Secondly, we have to establish a direct 
causal  link  between  the  regulatory  scrutiny  from  stress  tests  and  the  changes  in  portfolio  structures 
contingent on the variation in the timing of the rounds of the stress tests.   
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