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Abstract
What is the impact of policy interventions on the systemic risk of banks? To answer this 
question, we analyze a comprehensive sample that combines an original set of bank-spe-
cific bailout events with the balance sheets of key affected and nonaffected European banks 
between 2005 and 2014. We find a positive and significant association of guarantees with 
systemic risk that is somewhat weaker in the long run when the regulator appoints mem-
bers to the supervisory board. The short run association between recapitalizations and 
systemic risk is also positive for large and less capitalized banks, while in the long run, 
recapitalizations are linked with reduced systemic importance, especially for less profit-
able banks and in cases when the regulator limits management pay. Liquidity injections are 
positively linked with systemic risk, but the long-run effect is mitigated for small or better 
capitalized banks. In the short run, injecting liquidity is associated with reduced systemic 
risk when the regulator imposes restrictions on supervisory board composition or on man-
agement pay or capital payouts.

Keywords Systemic risk · Policy interventions · Risk strategies · Regulatory restrictions

JEL Classification E58 · G01 · G21 · G28 · H81

1 Introduction

The recent financial crisis led to coordinated efforts by governments and central banks 
to avoid a major systemic meltdown. Public interventions such as debt guarantees, capi-
tal injections, state loans, acquisitions of impaired assets, and/or nationalizations were 
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implemented on an unprecedented scale by most countries.1 At the European Union (EU) 
level, policy actions adopted by member states immediately after the Lehman Brothers 
collapse were coordinated in a massive bailout of financial institutions that was esti-
mated to have amounted to 3.65 trillion euro (European Commission 2009).2 Since then, 
several additional financial support programs have been set up, especially after the Euro-
pean sovereign debt crisis and the Greek bailout in 2010.3 These types of emergency 
assistance programs play an important role in restoring public confidence in the bank-
ing sector. However, how effective are these different tools in controlling systemic risk, 
and how heterogeneous is their impact across banks’ risk strategies? Given the current 
COVID-19 pandemic and its potential dire economic and financial consequences for the 
banking sector, we think this is a highly relevant policy question.

Our paper contributes to this literature by investigating the interplay between sys-
temic risk, policy interventions, regulatory restrictions, and banks’ risk strategies. Our 
study analyses 83 key global and local financial institutions from 22 European coun-
tries during the 2005–2014 period (see Online Appendix 1). First, we are interested in 
assessing the immediate effects of policy interventions on systemic risk. Second, we 
examine their long-run implications. While in the short run regulators aim to restore 
confidence and alleviate the spread of contagion through interventions, over a longer 
period, for the bailed-out banks, the too-big-to-fail protection may be traded off with 
the costs and restrictions associated with bailouts. Moreover, we explore how regula-
tory restrictions and banks’ risk strategies exacerbate or mitigate the relation between 
rescue actions and systemic risk. The main research questions that we aim to answer 
therefore are as follows: What are the immediate effects of policy interventions on 
banks’ contribution to systemic risk? How do government interventions affect systemic 
risk in the long run?

Clearly, these elements are interdependent. For example, it is more likely that the 
government provides bailouts to systemically important banks, which due to their size, 
higher risk, complexity, and/or interconnectedness can have a sizeable adverse impact 
on financial stability in case of their failure (Berger  et al.  2020; Gerhardt and Van-
der Vennet 2017; Kick et al. 2016). In our empirical analysis, we aim to methodically 
account for this interdependence using a Heckman selection procedure. The systemic 
risk indicators are estimated based on the loss generated by the reduction in the banks’ 
market capitalization under extreme events. We use the Marginal Expected Shortfall 
(MES) of Acharya et al. (2017), a measure that captures systemic risk realizations, as 

1 We use the following terms as synonyms: policy interventions, public interventions, bailouts, financial 
assistance programs, and emergency rescue measures.
2 Broadly, bailouts reflect the financial support extended to a company or a country facing financial dif-
ficulties and may come in various forms. In our paper, bailouts represent the financial assistance provided 
by governments and central banks to financial institutions and take the form of guarantees, recapitalizations, 
and liquidity injections.
3 In May 2010, the European Union member states set up the European Financial Stability Facility (EFSF) 
that has a maximum lending capacity of 440 billion euro and the European Financial Stabilization Mecha-
nism (EFSM) with a lending capacity of 60 billion euro. Funds are raised through borrowing from financial 
markets and are guaranteed by the European Commission with the European Union budget as collateral. On 
September  27th, 2012, these two funds were replaced by the European Stability Mechanism (ESM) with the 
aim of providing instant financial assistance to Eurozone members with a limit of 500 billion euro (ESM 
Annual Report 2013).
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well as forward-looking risk. The negative spillovers from each bank to the system are 
defined as their contribution to systemic risk or their systemic importance.4

Although during recent years several financial assistance programs have been set up to 
combat the Eurozone crisis,5 we focus on the emergency rescue measures most used by 
European member states during the global financial crisis (GFC) and the European sover-
eign debt crisis (ESDC). These public interventions, supported by governments or central 
banks at the national level and agreed to by the European Commission, consisted of instru-
ments designed to limit systemic risk and the spread of contagion during the financial cri-
ses in Europe. Our interest resides in assessing the effectiveness of these most flexible pol-
icy interventions in controlling systemic risk. To perform this evaluation, we use a unique 
dataset of bank-level interventions by national authorities (state guarantees, recapitaliza-
tions and liquidity injections) collected from banks’ annual reports, financial statements, 
websites and the State Aid Register of the European Commission (see Online Appendix 2 
and Online Appendix 3).

Our empirical findings establish that bailouts are associated with different evolutions 
of systemic risk in the short versus long run. We find evidence that in the short run, banks 
that receive policy interventions are linked with an enhanced contribution to systemic risk 
and that the effect is strongly significant for state guarantees. We argue that the positive 
association with systemic contribution might be attributed to the realization of risk cap-
tured by the MES measure. Interventions are usually implemented after risk is realized. As 
our dependent variable reflects both systemic risk realizations and forward-looking risk, 
the valuation of banks by investors is likely to be reduced before intervention and to not 
recover for some time after. The delayed success of the interventions may also be partly 
because European states were not always credible providers of financial assistance dur-
ing the period analyzed. In the long run, liquidity injections − by providing only temporary 
relief − are associated with enhanced systemic risk, while recapitalizations somewhat are 
linked with reduced systemic importance. The findings suggest that banks injected with 
liquidity remained weak and investors penalized their stock returns, which is reflected in a 
higher systemic contribution. In turn, recapitalizations fix the problem created by risk real-
izations. We further provide empirical evidence that the link between policy interventions 
and systemic risk varies when restrictions such as supervisory board intrusions, manage-
ment pay limitations, and capital payout bans are imposed and across banks with different 
risk strategies related to their size, leverage, and profitability.

Based on our estimates, important policy conclusions can be drawn. First, emergency 
policy interventions should be adequately implemented because their association with sys-
temic risk could be different in the long versus short run. Second, their effectiveness can 
be significantly influenced both by the restrictions imposed by the regulator throughout the 
duration of the financial assistance and by the banks’ risk strategies.

The remainder of the paper is organized as follows. Section  2 provides the literature 
review. Section 3 describes the methodology. Section 4 introduces the sample and the data. 
Section 5 presents the empirical results. Finally, Section 6 concludes.

4 We use the following terms as synonyms: contribution to systemic risk, systemic contribution and (at 
times) systemic importance.
5 The EFSF, EFSM and ESM funds, the EU’s Balance of Payments program (BoP), and bilateral loans 
from the International Monetary Fund (IMF), World Bank, European Investment Bank (EIB) and European 
Bank for Reconstruction and Development (EBRD).
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2  Literature review

2.1  General

This paper connects several strands of literature related to studies assessing risk reali-
zations and research focusing on forward-looking risk. First, our paper is linked to 
research on policy interventions and risk realizations. A number of studies analyze 
how regulatory policies can help control systemic risk. Considering several inter-
national financial crises, Weiß et al. (2014a), for example, find that global systemic 
risk is significantly influenced by the characteristics of regulatory regimes, explicit 
deposit insurance schemes and country-wide (macro-) prudential policy interventions 
(e.g., Karamysheva and Seregina 2020). Recapitalizations can reduce the systemic 
contribution of banks (López-Espinosa et  al. 2012), while liquidity injections can 
temper the risk incentives of insolvent institutions (Cordella and Yeyati 2003). Buch 
et  al. (2019) show that European banks that received state aid during the crisis are 
associated with increased systemic importance. However, the U.S. Troubled Assets 
Relief Program (TARP), based on injections of preferred equity, significantly reduced 
contributions to systemic risk, particularly for larger and safer banks (Berger et  al. 
2020). Anginer et al. (2014b) point to the stabilizing role played by deposit insurance 
arrangements during stress periods but also criticize their destabilizing role in normal 
times.

Second, our research is related to an extensive literature exploring the forward-
looking nature of risk. Numerous papers investigate the moral hazard embedded in 
deposit insurance schemes (Demirgüç-Kunt and Detragiache 2002; Demirgüç-Kunt 
and Huizinga 2004; Gropp et  al. 2014), recapitalizations (Kane 1995), or liquidity 
injections (Acharya and Yorulmazer 2007; Farhi and Tirole 2012). Financial help in 
general may deteriorate the liquidity situation of banks when regulators cannot and/or 
do not distinguish between illiquid and insolvent financial institutions (Freixas et al. 
1999; Repullo 2005). Moreover, rescue packages provided to large banks may incen-
tivize them to engage in highly risky operations (Mishkin 2006), invest in illiquid 
assets (Cao and Illing 2008) and take on excessive credit risk (Gropp et  al. 2014). 
Additionally, state guarantees provided to efficient banks can enhance their expo-
sure to systemic events (Myerson 2012). On the other hand, the adverse impact of a 
deposit insurance scheme on systemic risk may diminish if banks hold higher levels 
of Tier 1 capital (Bostandzic et  al. 2014). Homar (2016) highlights the importance 
of the amount of interventions, presenting empirical evidence that banks that receive 
large enough capital injections boost the supply of credit, access supplementary fund-
ing and improve their balance sheets. Similarly, Giannetti and Simonov (2013) show 
that a reasonable level of capital injections helped banks increase lending and stimu-
late investments during the Japanese banking crisis of the 1990s. In the long run, 
bailouts can increase investors’ expectations of future bailouts (Bayazitova and Shiv-
dasani 2012), especially when banks are considered too big to fail, too interconnected 
to fail and/or too many to fail (Acharya and Yorulmazer 2007; Brown and Dinç 2011). 
This could generate enormous costs for shareholders and taxpayers, impede a recov-
ery, and distort competition. Rescued banks may obtain competitive advantages that 
increase their market power (Berger and Roman 2015), while sound banks that do not 
receive intervention may increase their loan rates and reduce depositor risk premiums 
(Koetter and Noth 2016).
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2.2  Contributions

We contribute to the extant literature in several ways. First, our foremost contribution is 
to assess to what extent policy interventions implemented by governments affect systemic 
risk. Although the isolated impact of the bailout mechanism has been addressed in several 
theoretical and empirical studies, in comparison with the approaches in other studies, our 
specifications include several types of interventions with details regarding their volume and 
their associated restrictions. A large spectrum of the most important policy interventions 
made by European member states and implemented at the bank level during 2008–2014 is 
examined: state guarantees, recapitalizations (capital injections) and liquidity injections. 
The dataset is collected manually from banks’ annual reports, financial statements, web-
sites, and the State Aid Register of the European Commission. Our empirical approach is 
also different. First, we are interested in investigating the short-run response of systemic 
risk to policy interventions; in addition, we examine the long-run implications of this rela-
tion. This distinction is particularly important for European countries, as governments were 
not always perceived as trustworthy providers of financial support, which might lead to a 
delayed effect of interventions.

Second, we contribute to the literature on the restrictions associated with bailouts. In 
the long run, a tradeoff between too-big-to-fail (TBTF) protection and the regulatory bur-
dens associated with bailouts might come into play. We employ a hand-collected dataset of 
regulatory restrictions and assess their impact on the relation between policy interventions 
and systemic risk. Specifically, we consider the following set of restrictions imposed by 
regulators on the banks receiving intervention during the duration of bailouts: supervisory 
board intrusions, management pay limitations, and capital payout bans.

Third, we add to the literature by examining the interaction between policy interventions 
and banks’ risk strategies. We explore how banks’ risk postures related to size, leverage, 
and profitability exacerbate or mitigate the relation between rescue actions and systemic 
risk. Especially in the long run, banks are more likely to manifest moral hazard behavior by 
adjusting their risk strategies.

3  Methodology

This section presents the regression specifications used to analyze the impact of the emer-
gency policy interventions made by European national supervisory authorities during the 
global financial crisis and the European sovereign debt crisis on systemic risk. First, we 
assess the effects of policy interventions on systemic risk in the short run and in the long 
run. Second, we explore how banks’ regulatory restrictions and risk strategies exacerbate 
or mitigate the relation between rescue actions and systemic risk. We employ the Heck-
man selection approach and control for a variety of bank, market, and macro characteristics, 
using a sample of 83 publicly listed European banks, with data spanning from 2005 to 2014.

3.1  Identification

To account for the selection of banks into treatment (government intervention) on their 
unobservable systemic importance, we employ the two-stage procedure of Heckman 
(1979). This approach is in line with the previous literature (Berger et al. 2020; Gerhardt 
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and Vander Vennet 2017; Kick et  al. 2016). In the first stage, we use a Probit model to 
estimate the probability of a bank receiving policy interventions, as represented by the 
equation:

where PIntervened ij,t represents the probability that bank i receives (one or more) policy inter-
ventions in quarter t, Identifying restrictionsij,t-1 is a set of exclusion restrictions that explain 
the decision of government to provide financial assistance to bank i, and Bank controlsij,t-1 
represents differences in risk profiles among banks (size, leverage, credit risk, liquidity and 
profitability). To account for heterogeneity among different banking systems and econo-
mies, we include banking market controls (Market controlsj,t-1) and macroeconomic con-
trols (Macro controlsj,t-1), which are at the country level. The specifications include year 
fixed effects (ʋt) to control for unobserved heterogeneity. εij,t is an iid error term specific 
to bank i from country j in quarter t. The explanatory variables are lagged by one period. 
Variables are winsorized at the 1st and 99th percentiles. The results are corrected for het-
eroskedasticity and correlation using bank-level clustered standard errors.6 The empirical 
specification is run for the full sample of 83 banks, and the period accounts for 40 quarters 
during 2005–2014.

The Probit model includes several identifying restrictions that are excluded from the 
 2nd-stage OLS specifications, i.e., political stability, vote share of nongovernment parties, 
legislative and executive elections dummy, and prevalence. The political stability index 
measures the stability of political institutions, with higher values indicating greater politi-
cal stability. The vote share of nongovernment parties reflects the vote share of parties other 
than the governing parties. The legislative and executive elections dummy is a variable 
that takes the value 1 if a legislative or executive election took place in the quarter before 
bailouts were provided. Prevalence is the index developed by Braun and Raddatz (2010) 
and measures the prevalence of connectedness through the ratio of actual to expected num-
ber of political connections (i.e., in essence the number of cases within a country where 
a former politician later sits on a bank`s board).7 The political stability index is from the 
World Governance Indicators database, the vote share of nongovernment parties and the 
legislative and executive elections dummy are from the Database of Political Institutions of 
Cruz et al. (2016), and the prevalence index is from Braun and Raddatz (2010). The choice 
of the exclusion restrictions follows the literature suggesting that political institutions and 
electoral cycles influence banks’ probability of receiving financial assistance (Brown and 
Dinc 2005; Liu and Ngo 2014; Behn et al. 2017; Berger et al. 2020).

An important condition that the identifying covariates must satisfy is that they should 
directly affect the probability of intervention (i.e., one or more of the exclusion variables) 
but not be correlated with systemic risk. To verify the validity of the exclusion variables, 

(1)

Ln(PIntervened ij,t∕(1 − PIntervened ij,t)) = �0 + Ω × Identifying restrictionsij,t−1

+ Φ × Bank controlsij,t−1Ψ

×Market & Macro controlsj,t−1 + �t + �ij,t

6 In different exercises, we use standard errors clustered at country level, bank × year level, and 
bank × quarter level and two-way clustering by bank and quarter. The (unreported) results confirm that the 
significance of the main regressors is unaffected.
7 To alleviate the concern that countries with more connections may be countries with fewer people, Braun 
and Raddatz (2010) derive the probability that a former politician later sits on a bank’s board by assuming 
that the connections are selected randomly with replacement from a common pool. This probability gives 
the expected number of political connections within a country.
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we assess their explanatory power for the likelihood of bailouts and their orthogonality 
with systemic risk. Following Dam and Koetter (2012), we employ two econometric tests. 
First, using a weak identification test, i.e., a pseudo Kleibergen‒Paap F test, we check 
whether the set of identifying restrictions have sufficient explanatory power for the likeli-
hood of intervention in the  1st-stage equation. Second, we examine the exogeneity of the 
excluded covariates, i.e., whether they are uncorrelated with systemic risk, employing a 
pseudo Hansen J test.8

3.2  Baseline model: short‑term and long‑term effects

In the second stage of the Heckman (1979) procedure, we examine the impact of 
emergency policy interventions on systemic risk using an OLS fixed effects model 
for the sample restricted to the 30 rescued banks. To control for sample selection 
bias, the inverse Mills ratio generated by the Probit model in Eq. (1) is included. The 
following baseline model specification is run for the restricted sample of banks that 
received bailouts:

The dependent variable is represented by the contribution of bank i from country j to 
systemic risk in quarter t. The data represent the values of bank-level systemic risk indi-
cators estimated on a weekly basis using the MES methodology proposed by Acharya 
et al. (2017).9 The MES assesses the marginal contribution of a bank to the total capital 
shortfall of the system. Using this methodology, we estimate the average return on bank 
i’s market capitalization in the weeks in which the total market capitalization of the sys-
tem experiences the worst 1% of its outcomes (i.e., the expected loss of bank i’s market 
equity returns conditional on the system’s market equity returns exceeding the Value at 
Risk limits). We start by determining the conditional Expected Shortfall (ES) of the sys-
tem’s returns as follows: ES

sys

t = E
[

R
sys

Market Equity,t
|R

sys

Market Equity,t
≤ VaR

sys

t

]

, where 
R
sys

Market Equity,t
 is the return of the system’s market capitalization and VaRsys

t  is the Value at 
Risk indicator that expresses the maximum possible loss that the system can register for 
a given confidence level α (i.e., 1%) over a specific period of time.10 To estimate the 
values of MES, we use a multivariate GARCH-DCC specification, a refinement pro-
posed by Brownlees and Engle (2017) that accounts for time-varying volatility and cor-
relation. Online Appendix 4.1 provides a detailed description of the estimations. To 
merge the quarterly balance sheet and macroeconomic variables, we transform the 

(2)

SystemicRiskij,t = �0 + �1 × Policy interventionsij, event window

+ �2 × IMRij,t−1 + Φ × Bank controlsij,t−1 + Ψ

×Market & Macro controlsj,t−1 + �i + �t + �jt + �ij,t

8 We use the term “pseudo” because we do not know what would have happened with systemic risk in the 
absence of the interventions.
9 We also employ the Conditional Value at Risk indicator of Adrian and Brunnermeier (2016) as a robust-
ness check.
10 The theoretical research featuring the widely used Value at Risk indicator was initiated by Jorion (1997), 
Dowd (1998) and Saunders (1999). Technically, this loss “is found in the left tail” of the returns’ distribu-
tion function of the market capitalization and involves the estimation of the next loss functions: 
Prob

(

R
sys

Market Equity,t
≤ VaR

sys

t

)

= �.
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weekly values of the systemic risk indicators to quarterly frequency by summing them 
up for each bank within each quarter. We express the systemic risk indicators (losses) as 
positive numbers; hence, higher values denote greater systemic importance.11

The main regressors of interest are represented by the emergency rescue measures taken 
by the national authorities of country j and implemented by bank i during the event window 
(Policy interventionsij, event window). These take the form of state guarantees, recapitalizations, 
and liquidity injections. They are represented by continuous variables obtained by dividing 
the volume of bailouts by the size of the banks. First, we assess the short-run effects of pol-
icy interventions by employing an event window starting one quarter before the intervention 
and ending one quarter after the intervention. Interventions take the same value within this 
event window (i.e., from t-1 to t + 1). However, for some banks’ rescue packages, a longer 
period might be required for their effects to be fully realized. Therefore, in the next step, we 
analyze the long-run impact of bailouts on systemic risk by employing an event window 
approach starting one quarter before the intervention is implemented by bank i and ending 
the quarter in which the bailout is paid back (i.e., through t-1 to t + n). Under this frame-
work, the volume of bailouts as a share of total assets takes the same value during the event 
window.12 A negative β1 coefficient is associated with a decrease in systemic risk contribu-
tion for the rescued banks after they receive the assistance package from government.13

IMRij,t-1 represents the inverse Mills ratio generated by the Probit model in Eq.  (1). 
The descriptions of the other regressors are similar to those for Eq. (1). The specifications 
include bank fixed effects (φi), year fixed effects (ʋt), and/or country × year fixed effects 
(μij) to control for unobserved heterogeneity and shocks that affected our sample countries, 
such as regulatory changes.14 εij,t is an iid error term specific to bank i from country j in 
quarter t. The explanatory variables are lagged by one period. Several alternative models 
that include other proxies for bank-level risk profiles are estimated to test the robustness 
of the results. Variables are winsorized at the  1st and  99th percentiles. The results are cor-
rected for heteroskedasticity and correlation using bank-level clustered standard errors,15 
especially in the context that the dependent variables are preestimated.

A limitation of our analysis is that causality cannot be established with certainty due to 
the lack of a natural experimental setting within our framework. To address this issue, we 
provide alternative explanations to the maximum extent possible.

11 As Fig. 2 shows, our systemic risk measure is persistent over time. A possible way to address this issue 
is to include the lagged dependent variable among the regressors. However, combining the lagged depend-
ent variable with bank fixed effects in the same regression may generate biased estimated coefficients 
(Nickell 1981; Flannery and Hankins 2013). Therefore, we decide to follow the common practice in the lit-
erature and omit the lagged dependent variable. In a robustness check detailed in subsection 5.1.3. Robust-
ness, we account for the persistent nature of systemic risk by including the lag of the dependent variable 
among the regressors. The results remain very similar to the main findings.
12 Alternatively, we use event windows of one year (i.e., policy interventions take the same value from one 
quarter before the event to four quarters after the event), two years, three years, four years, and all periods 
after the intervention takes place.
13 In the remainder of the text, the expression “systemic risk is negatively influenced” is synonymous with 
a decrease in systemic risk and vice versa.
14 For example, in 2009, the European Commission introduced a directive that required EU countries to 
increase their protection of retail deposits to a minimum of €50,000 and then to a minimum of €100,000 by 
the end of 2010.
15 In different exercises, we use standard errors clustered at the country level, bank × year level, and 
bank × quarter level and two-way clustering by bank and quarter. The (unreported) results confirm that the 
significance of the main regressors is unaffected.
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Policy interventions can exert an immediate effect on systemic risk, a delayed effect, 
or no effect at all, as depicted in Fig. 1. Moreover, the beginning of our event windows 
likely precedes the arrival in the market of information about the intervention. Regula-
tors aim to fix systemic distress through financial assistance packages and usually provide 
them after risk is realized. Thus, declines in the equity value of rescued banks are likely 
during the time before intervention. An “immediate effect” would imply a prompt drop in 
systemic risk. However, interventions might not succeed immediately and might lead to a 
“delayed effect” characterized by an increase in systemic risk first and then a reduction, 
or measured systemic risk may increase before the intervention and be reversed slowly. 

Fig. 1  Hypothesis development. 
This figure presents the hypotheses 
developed for the impact of policy 
interventions on systemic risk
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As our dependent variable incorporates pre-intervention risk realizations, interventions can 
be positively linked with systemic risk for a period after their implementation. In addi-
tion, European governments faced credibility concerns during the GFC and the ESDC; 
therefore, declines in equity value may still have occurred after the intervention. Finally, 
“no effect” might indicate that systemic risk increases before the intervention were fully 
reversed by the end of the window. The financial health of some banks might not have 
recovered after the intervention, leading their stock returns to continue to underperform 
and increasing their contribution to systemic risk even more. Nevertheless, regulators 
imposed restrictions on the rescued banks and imposed fees during the duration of the bail-
outs, which could result in even higher systemic risk.16

3.3  Further analysis. Transmission channels

3.3.1  Restrictions

Policy interventions may have increased measured systemic risk in the long or the short 
run due to costs associated with regulatory restrictions. In many situations, bonuses were 
prohibited, and dividends could be distributed only to the government. Additionally, the 
government occupied seats on some supervisory boards, especially in the case of recapi-
talizations. In addition, interventions could imply a series of commitments, such as divest-
ments, acquisition bans, or price leadership bans, which can affect investors’ expectations 
about the future profitability of the bank.17 For the banks in our sample, the restrictions 
were imposed temporarily by the regulator until the intervention was unwound.

To explore the impact of regulatory restrictions on the relation between emergency res-
cue actions and systemic risk, we consider the following constraints: supervisory board 
intrusions, management pay limitations, and capital payout bans. Intrusions on supervisory 
boards may ensure stricter supervision of investment and lending practices, while caps on 
executive compensation are likely to reduce portfolio risk (Dam and Kotter 2012). Refrain-
ing from paying dividends or from buybacks could improve banks’ financial health, as 
retained earnings increase banks’ capacity to rebuild capital buffers and promote lending. 
On the other hand, as capital payout limits have strong implications for shareholders, it is 
likely that they incentivize managers to increase portfolio risk to repay the bailout faster so 
that the regulator removes the restriction. Acharya and Yorulmazer (2008) show that the 
government’s stake in the bank should be large enough to overcome risk-taking incentives.

As our MES measure captures both systemic risk realizations and forward-looking sys-
temic risk, the effect of regulatory restrictions on the relation between interventions and 
systemic risk could be twofold. If shareholders perceive regulatory restrictions to be effec-
tive tools for moving portfolio risk toward optimal levels and assuring stricter monitor-
ing of the bank, then the market valuation of more restricted rescued banks is likely to 

16 In principle, we could separate effects of interventions from pre-intervention increases in systemic risk 
by examining the impact of interventions during three periods: one period before the official intervention 
date, one short period after the official intervention date, and one long period after the official intervention 
date. Unfortunately, this would not help us achieve separation because information about impending inter-
ventions almost surely reached markets before the official date, and the timing of information arrival varies 
across banks and interventions. We have chosen to begin periods of analysis one quarter before the official 
date so that all or almost all information about interventions is captured.
17 For a detailed analysis of the restrictions associated with European bailouts, see Panetta et al. (2009) and 
Berger et al. (2022).
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be higher than that of less restricted rescued banks, leading to lower measured systemic 
importance for the former. In turn, if investors perceive the regulatory burden to be costly, 
then stricter restrictions may lead to underperforming stock returns and therefore higher 
measured systemic risk for more restricted than for less restricted bailed-out banks. This 
translates into a higher systemic importance for bailed-out banks when regulators impose 
tighter restrictions.

The impact of restrictions on the link between policy interventions and systemic risk is 
examined with the following specification:

In addition to Eq. (2), we include the interaction term of policy interventions with the 
restrictions imposed by the regulator. The latter are captured by dummy variables that 
reflect the following dimensions: supervisory board intrusions, management pay limita-
tions, and capital payout bans. The coefficient β2 should be negative and significant if such 
restrictions reduce the systemic importance of banks when interventions are implemented 
and positive otherwise. As in the baseline specification, we use the same bank-level, mar-
ket and macro controls. Additionally, we account for sample selection bias by including the 
inverse Mills ratio generated by the Probit model in Eq. (1). The strategy involves estimat-
ing the empirical models separately for each interaction of policy interventions with the 
restrictions using OLS FE for the restricted sample of rescued banks.

3.3.2  Bank risk

The interventions made by supervisory authorities may have different impacts on systemic 
risk across banks with varying risk profiles. While in the short run a bank’s portfolio can-
not change swiftly, in the long run, banks can adjust their portfolio and be more inclined to 
manifest moral hazard behavior. The mechanism by which increased moral hazard affects 
systemic risk is usually a change in the bank’s risk strategy. To further explore the effects 
of interventions on systemic risk, we examine the impact of banks’ risk strategies on the 
relation between emergency rescue actions and systemic risk, focusing on the following 
channels: size, leverage, and profitability.

Size As governments are more likely to bail out TBTF institutions, rescued banks may spec-
ulate on this behavior and increase their size to benefit from future interventions. This strat-
egy can increase their fragility, and their contribution to systemic risk may be intensified in 
comparison with that of rescued banks of a smaller size. A number of empirical papers find 
that rescue packages provided to large banks stimulate them to focus on riskier activities 
and complex projects that are difficult to manage (Duchin and Sosyura 2014; Laeven et al. 
2016), invest in illiquid assets (Cao and Illing 2008), or take on excessive credit risk (Gropp 
et al. 2014). On the other hand, bailing out a bank and confirming its TBTF status might 
cause the bank to downsize after the intervention due to more certainty about its TBTF sta-
tus. In this case, the realization of distress, and therefore the systemic importance, may be 
reduced for larger rescued banks in comparison to that of smaller rescued banks.

(3)

SystemicRiskij,t = �0 + �1 × Policy interventionsij, event window

+ �2 × Policy interventionsij, event window × Restrictionsij,t−1

+ �3 × Restrictionsij,t−1 + �4 × IMRij,t−1 + Φ × Bank controlsij,t−1

+ Ψ ×Market & Macro controlsj,t−1 + �jt + �ij,t
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Leverage The policy interventions implemented in the European banking sector were pro-
vided to viable financial institutions, which had to meet certain capital ratios.18 Choi (2014) 
theoretically shows that recapitalizing safer institutions is effective in reducing contagion spill-
overs. By increasing the charter value, these banks may opt for safer investments, and their 
appetite for risk-taking may be reduced (Cordella and Yeyati 2003). In this way, we expect 
measured systemic risk to be diminished for rescued banks with a higher capitalization (i.e., 
above the sample median), as these banks have a greater loss-absorbing capacity than rescued 
banks with a lower capital ratio. At the same time, empirical evidence suggests that banks 
with higher excess regulatory capital may opt to take risky projects to generate returns for 
shareholders (Huang and Ratnovski 2009; Perotti et al. 2011). This may be especially likely 
to take place for banks injected with capital, as shareholders’ stakes are usually diluted by the 
intervention. Thus, bailed-out banks with a greater capitalization may also have an enhanced 
contribution to systemic risk in comparison to that of rescued banks with lower capitalization.

Profitability The influence of moral hazard on systemic risk can be exerted through the 
profitability channel. On the one hand, a bank’s higher profitability can soften the regula-
tory burden associated with bailouts, which leads to smaller declines in market valuation 
and therefore a lower systemic risk contribution. On the other hand, more profit may cre-
ate conditions for banks to borrow more and take on more risk. Martynova et al. (2020), 
for example, show that profitable banks are more likely to make market-based investments 
than less profitable banks. This can lead to greater systemic risk for more profitable banks.

To assess these hypotheses, the following regression model extends the baseline specifi-
cation regarding the impact of interventions on systemic risk:

In addition to Eq.  (2), we include the interaction term of policy interventions with the 
bank-level risk strategy indicators. These are dummy variables that reflect the size, leverage, 
and profitability of the bank at t-1 (i.e., if a bank’s risk is above the median risk of the sam-
ple of rescued banks one quarter before intervention).19 The coefficient β2 should be posi-
tive and significant if risk strategies enhance the systemic importance of banks when they 
receive bailouts and negative otherwise. The remaining coefficients are as in Eq. (2), and the 
empirical strategy mimics that of the previous section. We estimate the empirical models 
separately for each interaction of policy interventions with the risk profile indicators.

(4)

SystemicRiskij,t = �0 + �1 × Policy interventionsij, event window

+ �2 × Policy interventionsij, event window × Bank riskij,t−1 + �3

× Bank riskij,t−1 + �4 × IMRij,t−1 + Φ × Bank controlsij,t−1

+ Ψ ×Market & Macro controlsj,t−1 + �jt + �ij,t

18 The European governments provided bailouts to viable financial institutions. However, the likelihood of 
bailouts was higher with decreasing capitalization, as our empirical results show in Section 4. The motiva-
tion for this decision was to restore confidence in the financial system, stimulate the real economy, encour-
age interbank lending, or prevent competitive disadvantages from banks from the same country or from 
other countries.
19 To avoid multicollinearity issues, in the model with the dummy Size variable, we exclude the continuous 
Size variable. In the model with the Leverage dummy, we exclude the continuous Leverage variable. In the 
model with the Profitability dummy, we exclude the continuous ROAA variable.
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4  Data

This section presents the sample and the data used for estimating systemic risk measures 
and the variables employed in the panel regression specifications.

4.1  Sample construction

Our sample consists of 83 publicly listed European banks whose assets totaled more than 
20 trillion euros at the end of 2014. They are internationally active and represent 22 Euro-
pean states. The interest in this portfolio is motivated by regulatory considerations, as the 
group includes large banks identified as G-SIBs (Global Systemically Important Banks) by 
Financial Supervisory Board but also small local banks that present systemic importance. 
Among them, 53% are included in the EBA’s stress testing exercise, while 39% are included 
in the ECB’s Single Supervisory Mechanism framework (Online Appendix 1). We focus only 
on banks because they are the most important financial intermediaries in Europe. The size 
variation is considerable within the sample, as total assets at the end of 2014 ranged from 
approximately 1 billion euros to approximately 2 trillion euros. The average coverage of total 
banking system assets of the analyzed countries is approximately 49%. We use consolidated 
statements to capture all cross-border business transactions of international banks.

We start with a sample of 351 active and publicly listed financial institutions from the EU28 
area that are included in the Thomson Reuters Financial Datastream within the sector “Banks”. 
We consider publicly listed banks because the methodology that we use for the estimation of 
systemic risk indicators is based on market data, which restricts the sample to banks listed on 
a stock exchange. Furthermore, due to methodology constraints imposed by the systemic risk 
estimation, we apply several exclusion criteria. First, we exclude banks that do not have weekly 
market capitalization data available in Datastream for the whole period. Second, we eliminate 
banks with negative equity.20 Third, we include banks that have more than 75% of observations 
for their quarterly balance sheet data available in Worldscope (Table 1). Finally, to have a bal-
anced sample in terms of size and across countries, we eliminate banks with total assets below 
1 billion euros at the end of 2014. These filters lead us to our final sample of 83 banks, out of 
which 30 institutions received public interventions (Table 2).21

4.2  Systemic risk variables

The data required for our systemic risk estimations span 2005 to 2014. We chose this 
period because it allows us to track the evolution of systemic risk during two financial 
crisis, i.e. the 2008 global financial crisis and the 2010 European sovereign debt crisis. 
Following Brunnermeier and Oehmke (2013), we estimate systemic risk during the whole 
period to account for the buildup phase in the precrisis and the propagation phase during 
the crisis. The impact of policy interventions on systemic risk is analyzed during the same 
time span. Although there have been important regulatory changes after 2014, most of the 
bailout packages were provided to European banks during 2008–2012, according to the 
State Aid Register data of European Commission.

20 For example, several banks from Greece that received government interventions are in this situation and 
are excluded from the final sample.
21 For the assessment of robustness, we re-estimate the empirical specifications for an extended sample of 
110 banks, respecting all initial inclusion criteria while also allowing banks of smaller size with total assets 
between 178 million euros and 1 billion euros. The results are similar to our main findings.
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The systemic risk measures are estimated separately for each bank using weekly 
returns extracted from Datastream (see Table 1 and Online Appendix 4 for computation 
details). Figure 2 presents the evolution of our sample’s market capitalization. This cor-
responds to the 83 banks analyzed over 521 weeks (2005–2014). Due to the deteriorating 
economic conditions in international financial markets, market equity shows a downturn 
in the first phase of the crisis (2008–2009), decreasing by more than 70% in comparison 
with its maximum value, reached in the middle of 2007. There were signs of recovery dur-
ing 2009–2010, but the market equity started declining again at the end of 2011 when the 
European sovereign debt crisis took off.

The summary statistics of the systemic risk indicators are reported in Table 3 (Panel 
A). The data corresponding to the Marginal Expected Shortfall model reveal that for 
2005–2014, the quarterly average contribution to systemic risk of all banks translates to an 
approximately 69% loss of the banks’ market capitalization. The statistics resulting from 
the Conditional Value at Risk measure, which we employ as a robustness check, show that 
banks’ marginal contribution to systemic risk represents an approximately 39% loss of the 
system’s market capitalization within a quarter.

The main features are compared between unrescued banks and banks affected by rescue 
packages (Table 3 Panel B). Overall, the difference in means analysis shows that the mean 
contribution to systemic risk for the whole sample period is larger for banks that received 
state guarantees, capital injections or liquidity injections than for nonaffected banks.22

Figure 3 presents the weekly average contribution to systemic risk of all banks in our 
sample during 2005–2014. The graph reveals an increase in risk during the Lehman col-
lapse in September 2008 and the European sovereign debt crisis. Our systemic risk meas-
ure is very likely to reflect both risk realization and forward-looking risk. Even though the 
governments of European member states intervened promptly with financial assistance pro-
grams, interventions were usually applied after the realization of risk. Therefore, declines 
in the market equity of bailed-out banks were likely during the period before intervention 
and may have persisted for a period after. Similarly to us, Black et al. (2016) find that the 
systemic risk of the European banking system increased during the crisis, reaching a peak 
during the sovereign debt crisis in Europe.

4.3  Emergency policy interventions

The impact on systemic risk of the emergency measures taken by European member states 
during the global financial crisis and the European sovereign debt crisis is analyzed for each of 
several types of policy interventions. To limit the negative spillovers in the banking system and 
to ensure financial stability, supervisory authorities used a broad range of mechanisms which 
we group into three categories (1) state guarantees, (2) recapitalizations (capital injections), 
and (3) liquidity injections. These are described in Online Appendix 2, which provides details 
on the type, size, and time of implementation of the interventions. Banks from our sample 
received public guarantees for bond issues, senior notes or other forms of debt; recapitaliza-
tions in the form of hybrid capital, participation capital, preferred shares, deeply subordinated 
perpetual notes or contingent convertible subordinated bonds (CoCos); and liquidity injections 
consisting of loan facilities, swap facilities, illiquid asset back-up facilities or asset protection 
schemes (APSs). We hand-collect the dataset from banks’ annual reports, financial statements, 
websites and the State Aid Register of the European Commission.

22 We perform a two-sample t test with unequal variance.
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All three types of bailouts were applied to the banks in our sample during 2008–2014 
(Online Appendix 3). In terms of value, liquidity injections lead with an average size of 
approximately 4% of banks’ total assets, followed by state guarantees (3% of total assets) 
and recapitalizations (2% of total assets). The aim of guarantee schemes is to ensure the 
supply of liquidity in the interbank market or to prevent bank runs. Recapitalizations are 
intended to strengthen the capital base of banks. Liquidity injections are given to limit the 
probability of runs and to encourage bank participation in asset markets, thereby limit-
ing financial instability. They are expected to generate higher liquidity and greater trans-
parency. The guarantees and recapitalizations were more country-wide in nature, as the 
schemes were aimed at restoring confidence, while the liquidity measures targeted the 
exposure to losses by individual banks (Panetta et al. 2009).23

Table 2   The distribution of banks. The calculations are based on Worldscope data for Total assets of our 
sample and European Banking Federation data for Total assets of the banking system in each country at 
year end 2014

Country Number 
of banks

Total assets sample
(billion €)

Total assets country
(billion €)

Total assets sample / Total 
assets banking system (%)

Austria 6 354.41 915.11 38.73%
Belgium 1 245.17 1021.57 24.00%
Bulgaria 1 4.52 47.41 9.54%
Cyprus 2 34.34 90.20 38.07%
Czech Republic 1 34.39 190.87 18.02%
Denmark 8 576.43 1048.30 54.99%
Finland 1 4.29 525.31 0.82%
France 7 5833.12 7881.63 74.01%
Germany 4 2283.04 7528.95 30.32%
Hungary 1 34.87 116.06 30.05%
Ireland 2 237.26 1016.95 23.33%
Italy 12 1876.55 4047.89 46.36%
Lithuania 1 1.64 24.04 6.82%
Malta 3 16.66 50.33 33.10%
Netherlands 2 1010.12 2250.13 44.89%
Poland 10 221.08 361.63 61.13%
Portugal 3 118.99 515.33 23.09%
Romania 1 8.00 91.40 8.75%
Slovakia 4 24.76 61.13 40.50%
Spain 6 2619.00 3150.74 83.12%
Sweden 4 1476.29 1514.50 97.48%
United Kingdom 3 3047.90 8895.35 34.26%
Total 83 20,062.81 41,344.83 48.53%
EU-28 42,520.53 47.18%

23 Across our sample, some countries opted for state guarantees (i.e., Cyprus, Sweden) and others for capi-
tal injections (i.e., Belgium, France), but countries more frequently opted for both of them. Liquidity injec-
tions were more common as standalone interventions.
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Table 4 provides descriptive statistics of the financial support provided by the govern-
ment for the entire sample in Panel A and for the sample restricted to banks with interven-
tion events in Panel B. In sum, our sample was exposed to 106 policy intervention events: 
36 events corresponding to state guarantees, 35 events related to recapitalizations, and 35 
events linked with liquidity injections (among which 8 are related to APSs and 27 to other 
types of emergency liquidity schemes). Out of 83 banks, 30 implemented these types of pol-
icies: 6 banks received all three types of interventions, 14 banks applied two types of inter-
ventions, and 10 banks relied on a single intervention measure. The rescued banks represent 
15 countries (out of the 22 included in our sample), among which in seven countries more 
than two banks were affected. From the 30 rescued banks in our sample, 18 were released 
from the bailouts before 2014.

In most cases, bailouts come at a cost for banks. For example, banks often paid a fee, 
usually linked to the risk of the financial institution (i.e., its rating), executive compensa-
tion is limited, and dividends could be distributed only to the government (Petrovic and 
Tutsch 2009). We account for these features by considering a set of restrictions imposed 
by regulators during the duration of bailouts: supervisory board intrusions, management 
pay limitations, and capital payout bans. They are expressed as dummy variables, and their 
definitions are provided in Table 1. Among the policy intervention events from our sample, 
28% are associated with supervisory board intrusions, 67% have limitations on executive 
compensation, and 41% are linked with capital payout restrictions.24

24 From 2013 onward, dividend bans became mandatory for European banks that receive bailouts and are 
subject to a restructuring plan (EC 2013).
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Fig. 2  Evolution of the sample’s market capitalization This figure presents the evolution of the market capi-
talization for 83 European banks from 2005 to 2014. The values are expressed in billion euros
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4.4  Bank‑level controls

To account for different risk strategies, we control for the risk profiles of banks one quarter 
before intervention. Prior studies suggest that bank characteristics such as size, leverage, 
profitability, and credit and liquidity risk were key drivers of systemic risk during the most 
recent financial crisis (Demirgüç-Kunt and Huizinga 2010; Tarashev et al. 2010; Acharya 
et al. 2012; Mayordomo et al. 2014). In line with the literature, the following risk profile 
indicators are used: (1) size (logarithm of total assets); (2) asset growth (asset growth rela-
tive to average bank asset growth in the bank’s country); (3) leverage (common equity to 
total assets ratio and Tier 1 regulatory capital ratio in robustness exercises); (4) the quality of 
the loan portfolio (provisions for loan losses to gross loans); (5) liquidity ratio (liquid assets 
to deposits and short-term funding); (6) rollover risk ratio (deposits and short-term funding 
to total deposits and borrowings); and (7) profitability represented by the ROAA ratio (net 
profit to average assets). Our presumption is that larger size, asset growth, credit risk, and 
rollover risk are associated with a higher level of systemic risk, while higher capitalization, 
liquidity, and profitability are associated with a lower level. Additionally, we capture the 
orientation of banks’ business toward traditional and nontraditional activities by including 
the share of lending activity (gross loans to total assets) and the net noninterest margin (net 
noninterest income to gross revenues). Previous studies show that systemic risk is associated 
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Fig. 3  Weekly contribution to systemic risk of banks. This figure presents the weekly evolution of sys-
temic risk for all 83 banks in our sample during 2005–2014. Values obtained for each bank are averaged 
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determined via the Marginal Expected Shortfall model. We express the systemic risk indicators as positive 
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with a high share of nontraditional activity (Brunnermeier et al. 2020; Demirgüç-Kunt and 
Huizinga 2010). Additionally, we capture the comovement of bank value with financial sys-
tem value by including the beta coefficient, computed as the covariance of bank i’s stock 
returns with the market’s stock returns divided by the variance of the market’s stock returns. 
The variables are extracted from Worldscope, and their definitions are given in Table 1.25 
The descriptive statistics presented in Table  4 show that on average during 2005–2014, 
banks from our sample had a Tier 1 ratio of 11%, liquidity ratio of 32%, credit risk ratio of 
1% and gross loans shares of 61%. These statistics suggest that on average, the institutions 
are well capitalized and have a good liquidity situation and a high-quality loan portfolio. 
Additionally, they are more oriented toward traditional banking business.

4.5  Macro controls

Following previous studies (Girardi and Ergün, 2013; Anginer et  al. 2014a; Weiß et  al. 
2014a, b), we control for the banking market and macroeconomic environment. Account-
ing for the particularities of each national banking sector, we consider the intensity of com-
petition − or lack thereof − expressed by the Boone indicator,26 which has been found to be 
associated with a reduced contribution to systemic risk (Anginer et al. 2014a). Next, we 
account for the strictness of prudential regulations regarding initial and overall capital held 
by banks. As a proxy, we use the capital regulatory index provided by the Bank Regulation 
and Supervision Database of the World Bank and calculated as in Barth et  al. (2013).27 
Additionally, we employ the sovereign debt holdings of the banking system as a share in 
GDP and the inflation rate and GDP growth as macro controls. We expect systemic risk to 
increase with the deterioration of macro conditions. Finally, we include in our specifica-
tions a dummy variable that reflects the global financial crisis (Dummy GFC) and a dummy 
variable that accounts for the European sovereign debt crisis (Dummy SVG) to control for 
the dynamics of these crises that affected the evolution of systemic risk. The variables are 
extracted from the World Development Indicators, Global Financial Development and 
European Central Bank databases. Their definitions are given in Table 1, and the descrip-
tive statistics are given in Table 4.

5  Empirical results

This section presents the results of the regressions with the systemic risk measures as our 
dependent variables and policy interventions as the main determinants. First, we discuss 
the influence of policy interventions on banks’ systemic importance. Both short- and long-
term effects are assessed. Second, we examine how regulatory restrictions and banks’ risk 
strategies affect the impact of emergency rescue actions on systemic risk. The main regres-
sors of interest include the volume of emergency rescue packages received by bank i from 

25 In the regression analysis, several of these variables are transformed to assure stationary behavior, as 
indicated by panel unit root tests. Table 1 gives the transformation formulae.
26 The Boone indicator is a measure of competition in the banking market, calculated as the elasticity of 
profits to marginal costs. The lower the Boone indicator is, the higher the level of competition.
27 Because these data are available only for years 2007 and 2012, we maintain their level constant for the 
period 2008–2011 (the 2007 level), and for the period 2013–2014 (the 2012 level). The capital regulatory 
index takes values from 0 (relaxed regulations) to 10 (tight regulations).
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government j during the event window as a share of banks’ total assets. In the case of short-
run estimations, these bailouts take the same value from one quarter before intervention to 
one quarter after. In the case of long-run estimations, the bailouts take the same value from 
one quarter before intervention to the quarter in which they are paid back.

5.1  Emergency policy interventions and systemic risk: Baseline results

The output for the  1st-stage Heckman (1979) selection model is presented in Table  5 
Panel A. The results reveal that greater political stability significantly increases the prob-
ability of the government providing bailouts to financial institutions. The vote share of 
nongovernment parties enters the model significantly, with a positive sign, suggesting 
that in countries with higher political competition where the vote share of parties other 
than the government parties is higher, the regulator is more likely to implement policy 
interventions. Prevalence is significant as well. The F statistic associated with the pseudo 
Kleibergen‒Paap F test indicates that the set of identifying covariates has sufficient pre-
dictive power to explain the likelihood of the government providing financial assistance.28 
Additionally, the p value corresponding to the pseudo Hansen J test validates the orthogo-
nality between the exclusion restrictions and systemic risk. Therefore, our set of instru-
ments contains additional information on the likelihood of bailouts and meets the validity 
conditions.29

5.1.1  Short‑term effects

Table 5 Panel B shows the estimation results for the OLS fixed effects regression presented in 
Eq. (2). The dependent variable captures the banks’ contribution to systemic risk, estimated 
using the Marginal Expected Shortfall methodology. Model (2) provides a baseline specifi-
cation that includes all policy interventions, bank characteristics, micro and macro controls, 
bank fixed effects and year fixed effects.30 Model (3) includes additional country × year fixed 
effects, and Model (4) includes bank fixed effects and country × year fixed effects.

We consider Column (4), which includes all bank and macro characteristics, as well 
as bank fixed effects and country × year fixed effects, our benchmark specification. In 
what follows, the interpretation of the empirical results is detailed for this model.31 A 

28 The rule of thumb is to use the Stock and Yogo (2005) critical values. Specific to our sample, the Stock–
Yogo weak identification test critical value for 5% maximal relative bias is 16.85.
29 Because our panel specifications  (2nd stage) include all three policy interventions together, we have to use a 
single estimate of the inverse Mills Ratio from the  1st-stage Probit equation. Therefore, we estimate the impact 
of the exclusion restrictions on the probability of a bank receiving a bailout, regardless of the bailout type. In 
robustness exercises, we rerun Eq. (1) using as a dependent variable the probability of a bank receiving each 
type of bailout separately. The (unreported) results show that the relation between the exclusion restrictions 
and each type of bailout is similar with that in the main findings in terms of sign, size, and significance.
30 We also include the policy intervention variables separately in the empirical specifications. The (unre-
ported) results show that the sign, size, and significance of the coefficients remain unchanged. Out of 30 
rescued banks in our sample, six of them received all three types of interventions, while 14 banks were 
subject to two types of interventions and 10 relied on a single type of bailout. Because the correlation coef-
ficients among the three types of bailouts are low (between 0.004 and 0.022), we report the results for the 
specifications that consider all types of bailouts together.
31 A limitation of our analysis is that causality cannot be established with certainty due to the lack of a 
natural experimental setting within our framework. To address this issue, we provide alternative explana-
tions to the maximum extent possible.
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negative coefficient is related to a lower systemic importance, while a positive coeffi-
cient is linked to an increased contribution of banks to systemic risk.32

Overall, the results specific to the short run validate the “delayed effects” hypothesis and indicate 
that interventions do not succeed immediately. There are several possible explanations for our find-
ings. First, as governments usually provide bailouts after risk is realized, declines in the market equity 
of bailed-out banks are likely before intervention and may persist for a period thereafter. This leads 
to a higher measured systemic risk contribution, considering the nature of our MES variable, which 
captures risk realizations as well as forward-looking risk. Second, such delayed success might have 
arisen due to some European states’ lack of credibility in providing financial assistance during the 
GFC and the ESDC. Moreover, the imposition of regulatory constraints, behavioral commitments, or 
fees during the duration of interventions would tend to make the coefficients more positive.

The findings show strong evidence that the provision of state guarantees is associated with 
enhanced systemic risk in the short run. A one-standard-deviation increase in the guarantees 
offered by the state normalized by total assets is linked with an increase in the systemic contri-
bution of banks by approximately 27% of its standard deviation (as measured by MES). Given 
that the mean contribution to systemic risk is approximately 69% (i.e., the quarterly percent loss 
of the banks’ market capitalization during 2005–2014), the corresponding semielasticity is 17%. 
This finding is in line with our hypothesis that the credibility of governments’ debt guarantees was 
affected during the period analyzed, which could be associated with declines in bank equity val-
ues. These results can be linked with other evidence in the literature showing that guarantees from 
public funds can severely distort financial stability. This might happen due to the constraints on 
bailout budgets imposed by tight fiscal requirements or due to the lack of credibility related to their 
efficiency (Honohan and Klingebiel 2003; Laeven and Valencia 2012; Allen et al. 2015).

Recapitalizations also relate positively to banks’ systemic importance, but the effect is not 
significant. A possible explanation is that even though recapitalizations improve bank sol-
vency, they also dilute the preintervention shareholders’ earnings and voting rights in most 
cases, which is likely to make the coefficients more positive. Additionally, the restrictions 
associated with recapitalizations are more severe than those involved in other bailouts (i.e., 
dividend bans, government interference in bank management), and the regulatory fees are 
higher, which can reduce the market valuation of the rescued banks.33

Liquidity injections are linked positively to systemic risk, but the effect is not notable 
in the short run. Usually, the liquidity lines have a window during which banks can benefit 
from the support; thus, they take longer to produce any effects. Additionally, they were 
given at lower stages of distress (i.e., a higher level of capitalization) than other types of 
financial aid (Berger et  al. 2022) and in later rounds, as supplementary assistance after 
recapitalizations or state guarantees were already in place (Brei and Gadanecz 2012), 
which might explain why they do not carry so much weight in the short run.

The inverse Mills ratio is highly significant, which indicates that selection is pre-
sent with respect to interventions. Among bank characteristics, the findings suggest that 
banks’ size, leverage, return on assets, and net noninterest margin are key drivers of their 
systemic risk contribution, in line with the findings from previous literature (Adrian and 
Brunnermeier 2016; Girardi and Ergün 2013; Anginer et al. 2014a). For banking market 
characteristics, the capital regulatory index enters the specifications with a negative sign, 
suggesting that tight prudential regulations regarding initial and overall capital held by 
banks help decrease their systemic importance.

32 The dependent variable is expressed in units of percentage loss of the banks’ market capitalization 
within a quarter.
33 Additional results on the effects of restrictions are presented in subsection 5.2.
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5.1.2  Long‑term effects

In Table 5 Panel C, we analyze the long-run impact of policy interventions, considering that 
bailouts take the same value from one quarter before the event to the quarter in which they are 
paid back. The repayment period varies across banks, from one year to six years. The empiri-
cal results presented in our benchmark model (Table 5 Column (7)) reflect a positive effect of 
state guarantees in the long run, but the associated coefficient is not statistically significant. 
This might be possible because debt guarantee support was sometimes difficult to trust. Many 
European governments encountered a deterioration in fiscal capacity throughout the period 
analyzed in Europe, which affected the credibility of their guarantees of debt issued by banks.

In the longer-term periods, recapitalizations are associated with reduced systemic 
importance, but the effect is only marginally significant and present only in Models (6) 
and (7). A one-standard-deviation increase in equity injected by government normalized by 
total assets is associated with a decrease in banks’ contribution to systemic risk by 12% of 
its standard deviation. The corresponding semielasticity is approximately 8%. Considering 
that the long-term period in our framework also partly captures the realization of risk, this 
finding suggests that recapitalizations fix the problems created by risk realizations.

Liquidity injections provided by governments end up being positively and significantly 
associated with systemic risk, as suggested by the positive and significant coefficients. The 
economic effect is also meaningful. A one-standard-deviation increase in liquidity injections 
reported to total assets corresponds to an increase in banks’ marginal contribution to systemic 
risk by approximately 19% of its standard deviation (as measured by MES). Our estimates 
imply an associated semielasticity of 12%. This result indicates that the realization of distress 
continued at banks for which liquidity injections were in place in the long run. The financial 
health of these banks remained weak, and their stock returns underperformed.

In Panel D, we include both the short-run and the long-run effects in the same regres-
sion. For the short-run effects, we use the same definition of the event window (i.e., inter-
ventions take the same value within the window (t-1; t + 1)). However, for the long-term 
effects of policy interventions, we exclude the short-term period from the event window 
(i.e., interventions take the same value within the window (t + 2; t + n)). As shown by Col-
umns (8)–(10), the coefficients are similar to those in the main findings.

In Table 6, we explore additional long-term strategies. We examine the effects of interven-
tions after different time intervals, as it might be expected that the implications of bailouts vary 
in the long run. To account for these possible developments, we consider several event win-
dows: one year (i.e., policy interventions are maintained at the same level from one quarter 
before the event to four quarters after the event) in Column (1), two years in Column (2), three 
years in Column (3), and four years in Column (4). The specifications are similar to the bench-
mark model from Table 5 Column (7), which includes bank-level, market, and macro controls, 
bank fixed effects and country × year fixed effects. In Column (5), we report the results of an 
empirical specification that includes in the same regression individual effects for each year, 
i.e., the  1st-year effects (t-1; t + 4), the  2nd-year effects (t + 5; t + 8), the  3rd-year effects (t + 9; 
t + 12), and the  4th-year effects (t + 13; t + 16). The results point to the same positive association 
of liquidity injections with banks’ contribution to systemic risk. State guarantees are not signifi-
cantly associated with systemic importance over the period analyzed, while recapitalizations are 
significantly linked with reduced systemic importance only for the second year.
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5.1.3  Robustness

We check the robustness of our results by employing several strategies related to the sam-
ple, period, and methodology used.34

Sample Some of the banks in our sample were severely hit by the European sovereign debt 
crisis, during which different rescue packages were provided. Additionally, the Eastern and 
Western EU member states were affected differently in terms of fiscal capacity. To assess the 
effects of the bailouts across different EU member states, we employ two empirical strate-
gies. Table 7 Panel A presents the output for a restricted sample, where banks from countries 
severely affected by the European sovereign debt crisis (Cyprus, Ireland, Italy, Portugal, and 
Spain) are excluded. The findings linked to the short-run impact remain unaltered. For the 
long-run impact, liquidity injections maintain their positive and significant association with 
systemic risk. In Table 7 Panel B, we re-estimate the benchmark models for a sample restricted 
to banks with headquarters in Western Europe.35 As shown by Columns (3) and (4), the size 
and significance of the coefficients remain very similar to those in the main findings.

Period The main results reported in Table 5 show that systemic risk was significantly higher during 
the crisis period. To disentangle the effects of interventions on banks during the two crisis episodes 
covered by our dataset, we interact the policy interventions with dummy variables that reflect the dura-
tion of the crises.36 The crisis period started in 2008Q3 and ended in 2012Q4 and consists of two 
phases. The first phase of the crisis began after the Lehman Brothers collapse in 2008Q3 and contin-
ued through 2009Q4, corresponding with the intensification of global financial crisis effects in Europe 
(Brei et al. 2013). The second phase of the crisis ran from 2010Q1 to 2012Q4 and coincided with the 
European sovereign debt crisis of Greece, Ireland, Italy, Portugal, and Spain (De Santis 2014).

The results from Table 8 point to the same positive and significant association of state 
guarantees with systemic risk in the short run and of liquidity injections in the long run 
but no significant effect of recapitalizations. The long-run impact of state guarantees on 
systemic risk is negative. For the global financial crisis period, it becomes even more nega-
tive and significant (Model 2), suggesting that guaranteeing the debt issued by banks was 
an efficient intervention strategy during this period. In turn, for the sovereign debt crisis 
period, the long-run beneficial effect of state guarantees on systemic risk is diminished 

34 For brevity, we present the output for the short-run benchmark model (Table 5 Column (4)), and for the 
long-run benchmark specification (Table 5 Column (7)). Unreported results show that the findings are simi-
lar across the other empirical specifications.
35 Due to the reduced number of interventions provided to Eastern European banks, we cannot run this 
empirical exercise for a sample restricted to these countries, and hence, we cannot entirely exclude the pos-
sibility that the patterns that we observe can only be found in Western Europe.
36 We estimate the following regression:

where Periodt is a dummy variable that takes alternatively the value one during the global financial crisis 
or, respectively, during the European sovereign debt crisis. The description of the other regressors is similar 
to that for Eq. (2).

(5)
SystemicRiskij,t = �0 + �1 × Policy interventionsij, event window + �2 × Policy interventionsij, event windcow × Periodt +

�3 × Periodt + �4 × IMRij,t−1 + Φ × Bank controlsij,t−1 + Ψ × Market & Macro controlsj,t−1 + �i + �jt + �ij,t
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Table 7  Robustness assessment: sample. Panel A presents the results for a sample of banks from coun-
tries that were not affected by the European sovereign debt crisis. Panel B depicts the output for a sample 
restricted to Western European banks. Models (1) and (3) assess the short-term impact of policy interven-
tions received by bank i from government j (i.e., interventions take the same value from one quarter before 
the event to one quarter after the event). Models (2) and (4) assess the long-term impact of policy interven-
tions (i.e., interventions take the same value from one quarter before the event to the quarter they unwind). 
We report the results for the benchmark models (i.e., Column (4) Table 5 for short run effects, and, respec-
tively, Column (7) Table 5 for long run effects. Method used is OLS Fixed Effects. The estimations control 
for the sample selection bias by including the inverse Mills ratio generated by the  1st stage Probit model. 
The dependent variable is the MES. The coefficients for bank characteristics (beta, size, asset growth, lever-
age, credit risk, liquidity, rollover risk, profitability, gross loans share, net non-interest margin), and market 
and macro control variables (competition, capital regulatory index, sovereign debt, inflation, GDP growth, 
GFC crisis, SVG crisis) are suppressed for brevity. Explanatory variables are one period lagged. All models 
include an unreported constant, country × year fixed effects and bank fixed effects. Variables are winsorized 
at the  1st and  99th percentiles. Their definitions are given in Table 1. Standard errors (S.E.) clustered at bank 
level are reported in brackets

* , ** and *** denote significance levels of 10%, 5% and 1%

A. Without banks from countries 
affected by the European sovereign 
debt crisis

B. Without banks from Eastern 
European countries

Short run
(t-1; t + 1)

Long run
(t-1; t + n)

Short run
(t-1; t + 1)

Long run
(t-1; t + n)

OLS  2nd OLS  2nd OLS  2nd OLS  2nd

Dependent variable MES
(1)

MES
(2)

MES
(3)

MES
(4)

Policy interventions
  Guarantees short run 7.860**

(3.306)
7.709***
(2.254)

  Recapitalizations short run 3.539
(5.586)

2.779
(3.029)

  Liquidity injections short run −0.231
(0.664)

−0.387
(0.446)

  Guarantees long run 0.741
(2.502)

0.760
(1.504)

  Recapitalizations long run −5.776
(4.091)

−4.114*
(2.301)

  Liquidity injections long run 1.348***
(0.240)

1.302***
(0.171)

Identification
  Inverse Mills ratio 97.699**

(34.760)
91.051**
(31.647)

101.995**
(37.697)

97.240**
(35.862)

Bank characteristics YES YES YES YES
Market and macro controls YES YES YES YES
Bank FE YES NO YES NO
Country × Year FE YES YES YES YES
Cluster Banks Banks Banks Banks
Observations 540 540 648 648
Number of banks 19 19 23 23
No of countries 18 18 20 20
Within R-squared 0.579 0.575 0.588 0.580
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Table 8  Robustness assessment: period. This table reports the estimation results of the following regres-
sion: SystemicRiskij,t = β0 + β1 × Policy interventionsij, event window + β2 × Policy interventionsij, event window × Peri-
odt + β3 × Periodt + β4 × IMRij,t-1 + Φ × Bank controlsij,t-1 + Ψ × Market & Macro controlsj,t-1 + φi + ʋjt + εij,t. 
Panel A presents the results for the interaction of policy interventions with the global financial crisis period 
(GFC crisis), and, Panel B for the interaction of policy interventions with the sovereign debt crisis period 
(SVG crisis). Models (1) and (3) assess the short-term impact of policy interventions received by bank i 
from government j (i.e., interventions take the same value from one quarter before the event to one quarter 
after the event). Models (2) and (4) assess the long-term impact of policy interventions (i.e., interventions 
take the same value from one quarter before the event to the quarter they unwind). We report the results for 
the benchmark models (i.e., Column (4) Table 5 for short run effects, and, respectively, Column (7) Table 5 
for long run effects. Method used is OLS Fixed Effects. The estimations control for the sample selection 
bias by including the inverse Mills ratio generated by the  1st stage Probit model. The dependent variable is 
the MES. The coefficients for period (GFC crisis, SVG crisis), bank characteristics (beta, size, asset growth, 
leverage, credit risk, liquidity, rollover risk, profitability, gross loans share, net non-interest margin), and 
market and macro control variables (competition, capital regulatory index, sovereign debt, inflation, GDP 
growth) are suppressed for brevity. Explanatory variables are one period lagged. All models include an 
unreported constant, country × year effects and bank fixed effects. Variables are winsorized at the  1st and 
 99th percentiles. Their definitions are given in Table 1. Standard errors (S.E.) clustered at bank level are 
reported in brackets

A. Global financial crisis B. Sovereign debt crisis

Short run
(t-1; t + 1)

Long run
(t-1; t + n)

Short run
(t-1; t + 1)

Long run
(t-1; t + n)

OLS  2nd OLS  2nd OLS  2nd OLS  2nd

Dependent variable MES
(1)

MES
(2)

MES
(3)

MES
(4)

Policy interventions
  Guarantees short run 6.496**

(2.529)
9.179***
(2.853)

  Recapitalizations short run 0.327
(1.705)

4.757
(6.769)

  Liquidity injections short run 0.293
(0.425)

0.039
(0.609)

  Guarantees long run 1.389
(1.637)

−2.013
(1.788)

  Recapitalizations long run −2.921
(2.145)

−6.213***
(2.213)

  Liquidity injections long run 0.927***
(0.250)

1.042***
(0.242)

Policy interventions × Period
  Guarantees × Period 3.898

(3.913)
−2.362
(3.694)

  Recapitalizations × Period 4.548
(7.485)

−4.969
(7.011)

  Liquidity injections × Period −0.369
(0.778)

0.959
(0.639)

  Guarantees after event × Period −9.361**
(4.161)

3.998**
(1.433)

  Recapitalizations after event × Period −4.950
(10.938)

3.334
(3.276)

  Liquidity injections after event × Period 0.420
(0.805)

0.070
(0.403)
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(Model 4). The difference between the findings for the GFC period and the European sov-
ereign debt crisis period indicates that government credibility has an important role. It is 
possible that during the GFC, market participants had high expectations of the govern-
ments’ capacity to guarantee banks’ debt, which increased the valuation of banks by inves-
tors. In turn, during the European sovereign debt crisis, governments’ reliability in guar-
anteeing banks’ debt was affected. The fiscal capacity of some European states declined 
considerably during the period 2011–2012, leading to a downgrade in sovereign ratings 
and increasing skepticism among market participants.

Methodology We further check the robustness of our findings by including the lags of the 
dependent variable, replacing the sum of MES by its median value within a quarter, and 
using the Delta CoVaR as an alternative method for computing systemic risk. Additionally, 
we re-estimate the empirical specifications using several alternative strategies: propensity 
score matching, a placebo test, and the difference-in-differences approach. The results are 
presented in Table 9.

Previous literature suggests that systemic risk measures can be persistent. For example, 
López-Espinosa et al. (2012) found a high level of persistence of systemic risk for a sample 
of large international banks. To account for this dynamic, we start by including the lag of 
the dependent variable among the regressors. The results from Panel A indicate that the 
positive impact of state guarantees on systemic importance in the short run and of liquidity 
injections in the long run is maintained. Unreported results confirm that the lagged MES 
carries a positive and significant coefficient, indicating a dynamic character of the banks’ 
contribution to systemic risk.

Table 8  (continued)

A. Global financial crisis B. Sovereign debt crisis

Short run
(t-1; t + 1)

Long run
(t-1; t + n)

Short run
(t-1; t + 1)

Long run
(t-1; t + n)

OLS  2nd OLS  2nd OLS  2nd OLS  2nd

Dependent variable MES
(1)

MES
(2)

MES
(3)

MES
(4)

Identification
  Inverse Mills ratio 102.074**

(36.601)
102.261***
(33.276)

102.468***
(36.384)

99.089**
(35.815)

Period YES YES YES YES
Bank characteristics YES YES YES YES
Market and macro controls YES YES YES YES
Bank FE YES YES YES YES
Country × Year FE YES YES YES YES
Cluster Banks Banks Banks Banks
Observations 710 710 710 710
Number of banks 30 30 30 30
No of countries 22 22 22 22
Within R-squared 0.579 0.575 0.579 0.573

* , ** and *** denote significance levels of 10%, 5% and 1%
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Next, we use an alternative method for computing the quarterly values of the systemic 
risk indicator, which are derived from weekly values. Instead of summing up the weekly 
MES values within a quarter, we use their median value. The results from Panel B confirm 
that the coefficients associated with the main variables of interest remain valid.

In Panel C, we employ the Delta CoVaR (Conditional Value at Risk), developed by 
Adrian and Brunnermeier (2016), as the dependent variable. In contrast with MES, Delta 
CoVaR assesses the contagion effects from a bank to the system. Each bank’s contribution 
to systemic risk is determined as the VaR of the system (i.e., the maximum possible loss of 
the system) conditioned on the event that each bank is at its own VaR level (i.e., the maxi-
mum possible loss of a bank). Online Appendix 4.2 provides a detailed description of the 
estimations. We note that the positive link of systemic importance with state guarantees in 
the short run and with liquidity injections in the long run is maintained.

In Panel D, we provide the results of a propensity score matching analysis. We construct 
an artificial control group by matching each intervened bank with the nearest non-inter-
vened bank from our sample with similar characteristics. First, we run a probit model that 
estimates the propensity scores of all banks using the bank-level characteristics employed 
in our main regressions (i.e., beta, size, asset growth, leverage, credit risk, liquidity, rollo-
ver risk, profitability, gross loans share, and net non-interest margin). Employing a nearest-
neighbor matching strategy, we match each intervened bank with a non-intervened bank 
with the closest propensity score. Second, we rerun our main regressions using the matched 
samples. We observe that the size and significance of the findings remain unaltered.

In Panel E, we assume that the rescue packages were provided to banks two years earlier 
and use a placebo sample from 2005 to 2007. The coefficients associated with the policy 
interventions become insignificant, thus confirming the robustness of the impact.

Finally, we employ a difference-in-differences approach in Panel F to assess the differ-
ence between rescued banks before intervention versus rescued banks after intervention. In 
comparison with the long-term analysis where we examine the effects of interventions over 
several event windows (i.e., from one to four years), this model allows us to consider all 
quarters available after the bailouts took place within our dataset (which can imply a longer 
period). Policy interventions take the same value (i.e., the total volume of each type of bail-
out reported to banks’ total assets) from one quarter before the event to all quarters after 
the event available within our dataset. The results point to the same positive and significant 
association of liquidity injections with banks’ contribution to systemic risk in the long run 
and no significant impact of the other intervention mechanisms (Column (11)).

Other assessments In unreported results, we conduct additional robustness exercises. First, 
we re-estimate the benchmark models (Columns (4) and (7) from Table 5) employing alterna-
tive variables for funding risk and profitability. We replace the liquidity ratio with the loans to 
deposits ratio (computed as net loans to total deposits and borrowings), the interbank liquidity 
ratio (interbank assets to interbank liabilities), and the return on assets ratio with the operating 
profit margin (operating profit to average total assets). Second, we change the level of clustering 
of the standard errors from the bank level to the bank and quarter level (two-way clustering). 
Third, instead of dividing the policy interventions received by bank i in quarter t by total assets 
of the bank in the same quarter, we compute their weight in total assets in the previous quarter 
before implementation (t-1). Fourth, we separately include the policy intervention variables in 
the empirical specifications. The (unreported) results show no important differences from the 
results of the benchmark regression specification, and the impact of the policy interventions on 
systemic risk in terms of sign, size and significance remains unaltered.
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5.2  Restrictions, policy interventions and systemic risk

Thus far, we have estimated the impact of policy measures on the “average” bank. This 
section presents the impact of restrictions imposed by regulators on the relation between 
emergency rescue actions and systemic risk. The model specification is introduced in sub-
section 3.3.2. We consider the following constraints: supervisory board intrusions, man-
agement pay limitations, and capital payout bans. Table 10 Panel A shows the empirical 
estimates for the short-run models, while Panel B shows the long-run specifications.

The results suggest that all three types of regulatory restrictions mitigate the harmful 
effect of liquidity injections on systemic risk in the short run, as captured by the negative and 
strongly significant coefficients associated with the interaction between restrictions and liquid-
ity injections. These findings support the hypothesis that investors believe that liquidity injec-
tions enhance value when regulators impose tighter restrictions, leading to an increase in stock 
prices and therefore a reduction in systemic risk. It is likely that regulatory restrictions are per-
ceived as effective tools in reducing portfolio risk by assuring stricter monitoring of the banks 
injected with liquidity. For the other type of financial assistance programs, the results show 
no significant effect of the interaction coefficient between bailouts and restrictions. A possible 
explanation is that in the short run, investors give greater importance to restrictions when they 
are associated with rescue packages that quickly fix banks’ distress than they give to other 
interventions that may need a longer time horizon to produce their effect.

In the long run, we obtain a similar effect for supervisory board intrusions in the case of state 
guarantees and management pay limitations associated with recapitalizations. Seats on the super-
visory board ensure stricter supervision of investment and lending practices after governments 
guarantee the debt of the financial institutions. This may counterbalance the lack of credibility 
regarding the governments’ ability to guarantee banks’ debt, softening the positive impact of 
state guarantees on systemic risk. In the case of recapitalizations, ceilings on executive salaries 
and bonuses may temper managers’ appetite for risky projects, leading to an increase in market 
valuation. Therefore, executive compensation limits could further enhance the long-run benefi-
cial impact of recapitalizations on systemic risk. We find no significant effect for liquidity bail-
outs, which indicates that the realization of distress continued in the long run at banks injected 
with liquidity, regardless of the type of regulatory restrictions applied.

Overall, applying restrictions to rescued banks while interventions are in effect can be an 
efficient policy tool to reduce the positive association of interventions with systemic risk. One 
limitation of our framework is that the interventions that we assess are specific to the global 
financial crisis and the sovereign debt crisis that affected European banks. Since then, a number 
of regulatory and legal changes have been implemented. For example, there have been several 
decisions by the European Commission that imposed stricter restrictions on the rescued banks, 
such as dividend bans, during the duration of the bailout.37 Additionally, the overall legal frame-
work changed after the adoption of the EU Bank Recovery and Resolution Directive (BRDD) 
in 2014.38 However, governments can still choose from the bailout methods that we examined 
to save financial institutions in distress. In future research, it will be interesting to assess the 
effects of policy interventions on systemic risk considering the stricter restrictions imposed on 
rescued banks after 2014, especially in the context of the COVID-19 pandemic.

37 The 2013 Banking Communication of the European Commission requires banks to be subject to divi-
dend bans after receiving state aid in the form of recapitalization (European Commission 2013).
38 Since January  1st, 2016, under the BRDD, banks are required to convert debt-like instruments to equity 
for a minimum amount of 8% (i.e., implement a bail-in) before receiving a bailout (European Commission 
2014). This might shape the incentives of shareholders and creditors to monitor the risk of the financial 
institutions (Martino 2020).
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5.3  Risk profiles, policy interventions and systemic risk

Finally, we examine the impact of banks’ risk profiles on the relation between emergency 
rescue actions and systemic risk. The model specification is introduced in subsection 3.3.2. 
We discuss the empirical results for the following risk profile indices: size, leverage, and 
profitability. Table 11 Panel A shows the empirical estimates for the short-run estimates, 
while Panel B shows those for the long-run specifications.

Regarding size, the findings presented in Panel A Column (2) show that in the short 
run, the influence of recapitalizations is significantly different (although only marginally 
so) for larger banks in comparison to smaller banks, as suggested by the coefficient on the 
interaction term Recapitalizations × Dummy Size (i.e., 16.117*). For the average bank, the 
positive link of recapitalizations with systemic risk becomes significant, and it is increas-
ing in size for larger banks. A possible explanation is that the market valuation of large 
banks injected with capital is penalized more because of the dilution of preintervention 
shareholders’ earnings, which translates into an increase in systemic risk. In the long run, 
the positive association of liquidity injections with systemic risk is even more pronounced 
for large banks (Panel B Column (5)). The coefficient on the interaction term Liquidity 
injections × Dummy Size is positive and significant (i.e., 1.225**). This result is consistent 
with the literature on moral hazard embedded in government support programs for TBTF 
banks. Large banks are usually more focused on investment activities that are riskier than 
traditional lending activities; thus, rescue packages may incentivize them to increase port-
folio risk, which enhances their systemic importance. In terms of policy implications, these 
findings support the restrictions suggested by the European Commission, which requested 
the downsizing of several large European banks that received bailouts during the crisis.

The link between interventions and systemic risk is also related to leverage in both the 
short and long run. The estimates show that the immediate influence of recapitalizations 
is negative for better capitalized banks (Column (3)). The interaction of Dummy leverage 
with recapitalizations enters the specifications with a negative sign (i.e., -19.833***).39 
The finding suggests that the contribution to systemic risk of banks injected with capital is 
lower immediately after the intervention for better capitalized banks than for less capital-
ized banks. The long-run results highlight that the realization of distress continues in the 
long run for banks injected with liquidity but is diminished when banks have a higher level 
of capitalization (Column (7)). These findings suggest that the provision of liquidity assis-
tance should be oriented toward safer banks. This is in line with the actions of European 
governments, which provided liquidity assistance to safer financial institutions with regu-
latory capital above the minimum required threshold. They did not wait to intervene until 
bank capitalization deteriorated significantly, as it would have been costlier.

Finally, performance can be significantly associated with the relationship between 
recapitalizations and systemic importance in the long run, as shown by the interaction term 
Recapitalizations × Dummy Profitability in Column (8), which is positive and highly signif-
icant (i.e., 8.801***). The result indicates that recapitalizations fix the problems created by 
risk realizations, and the result is amplified for less profitable banks. In turn, for banks with 
higher performance, recapitalizations are linked with an increase in systemic risk. A pos-
sible explanation for this finding could be that more profitable banks are likely to borrow 

39 In unreported exercises, we interact a dummy that reflects whether a bank has Tier 1 ratio higher than 
the median regulatory capital ratio of the sample with bank-level interventions. The results yield similar 
conclusions.
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more and engage in risky operations, increase their portfolio risk, and therefore intensify 
their systemic importance.

Overall, the results suggest that the relation between policy interventions and systemic 
contribution varies significantly with the risk profiles of banks. Characteristics such as 
size, leverage, and profitability can significantly shape the relationship between bailouts 
and banks’ systemic importance in the long run, while the immediate link between govern-
mental assistance programs and systemic risk is heterogeneous among banks with different 
sizes and levels of leverage. Most importantly, from supervisors’ perspective, the efficiency 
of emergency rescue measures can be mitigated or enhanced by banks’ risk strategies.

6  Conclusion

In this paper, we investigate how policy interventions are associated with banks’ contri-
bution to systemic risk in the short and long run. Using a unique bank-level dataset that 
consists of 83 banking institutions from 22 European countries, we estimate systemic risk 
based on the loss generated by the reduction in banks’ market capitalization under extreme 
events, employing Acharya et al.’s MES (2017), a measure that reflects both risk realiza-
tions and forward-looking risk. The estimations are performed for the 2005–2014 period.

Analyzing a large and original bank-level dataset on policy interventions, we then show 
that the bailouts are associated with different evolutions of systemic risk in the short and in 
the long run. We employ the Heckman selection approach and control for a variety of bank, 
market, and macro characteristics. In the first stage, we use a Probit model to estimate the 
probability of a bank experiencing an intervention. In the second stage, we examine the 
association of policy interventions with systemic risk using an OLS fixed effects model.

Our findings provide evidence that in the short run, banks that receive policy interventions 
are linked with an enhanced contribution to systemic risk, indicating a delayed effect of bail-
outs in fixing systemic distress. As interventions are usually applied after risk is realized, the 
declines in market valuation of rescued banks continue after the bailouts are implemented. 
The effect is strongly significant for state guarantees and might be explained by the cred-
ibility issues faced by European governments. In the long run, banks injected with liquidity 
remained weak, and investors penalized their stock returns, as reflected in a higher systemic 
contribution, while recapitalizations fixed the problem created by risk realizations.

We further provide empirical evidence that policy interventions relate differently with sys-
temic risk across banks when regulatory restrictions are imposed and where bank risk strate-
gies differ. In sum, the picture that arises is one in which the positive association of guaran-
tees with systemic risk is weaker when the regulator appoints members to the supervisory 
board in the long run. The immediate influence of recapitalizations is negative for small and 
better capitalized banks, while in the long run, recapitalizations are associated with reduced 
systemic importance, especially for less profitable banks and in cases in which the regulator 
limits management pay. In the short run, injecting liquidity can reduce systemic risk when the 
regulator imposes restrictions such as supervisory board intrusions, management pay limita-
tions, and capital payout bans. In the long run, the positive link between liquidity injections 
and systemic risk is mitigated for small or better capitalized banks.

Our findings suggest that banks’ regulatory restrictions and risk profiles should play a key 
role in the design of optimal financial assistance programs. The effectiveness of policy inter-
ventions can be significantly altered by regulatory constraints and banks’ risk strategies.
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