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Central bank independence and systemic risk

Abstract

We investigate the relationship of central bank independence and banks’ systemic risk measures.
Our results support the case for central bank independence, revealing that central bank independence
has a robust, negative, and significant impact on the contribution and exposure of a bank to systemic
risk. Moreover, the impact of central bank independence is similar for the stand-alone risk of indi-
vidual banks. Secondarily, we study how the central bank independence affects the impact of se-
lected country and banking system indicators on these systemic measures. The results show that
central bank independence may exacerbate the effect of a crisis on the contribution of banks to
systemic risk. However, central bank independence seems to mitigate the harmful effect of a bank’s

high market power on its systemic risk contribution.
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1 Introduction

No wonder politicians often find the Fed a hindrance. Their better selves may
want to focus on America’s long-term prosperity, but they are far more subject
to constituents’ immediate demands. That’s inevitably reflected in their eco-
nomic policy preferences. If the economy is expanding, they want it to expand
faster, if they see an interest rate, they want it to be lower — and the Fed’s mon-
etary discipline interferes.

Alan Greenspan, 2007

The 2007-2009 global financial crisis was followed by a low-inflation environment, aggressive use
of unconventional monetary measures by central banks and an increased number of central bank
responsibilities. These stirred up the debate about the importance of maintaining central bank inde-
pendence (De Haan et al., 2018). Allegations of distributional effects across different segments of
population generated by the unconventional measures? employed by the central banks and of central
banks over-stretching their mandates in their response to the financial crisis escalated this debate
(Mersch, 2017). We ask whether these new and revised mandates, particularly the financial stability
mandate, are justifications for undermining the independence of central banks.

Central bank independence has been credited with maintaining price stability, and more
recently, with helping in recovery from the financial crisis.? Indeed, independence is one of the three
institutional underpinnings* to which the success of inflation targeting in delivering low and stable
inflation rates has been attributed (Mishkin, 2004). A large empirical literature shows that inflation
and central bank independence are negatively related in both developed and developing countries
(Cukierman, 2008). Central bank independence is also recognized as a key factor for lower volatility
of output (Bernanke, 2004). It is usually measured along two dimensions: political and economic
independence.

Political independence refers to the central bank’s discretion in designing and implement-
ing policies consistent with the monetary stability goal. It shields the central bank from short-term
political pressures. Economic independence relates to the freedom of the central bank for choosing
the set of instruments consistent with monetary policy (Masciandaro and Romelli, 2015).

Recently, a significant number of reforms increased the range of powers of central banks

in the areas of prudential supervision, financial stability and macroprudential policy, which, unlike

! Greenspan, A. (2007, pp. 110-111).

2 The unconventional measures involved the purchasing of large amount of public debt in the secondary markets.

3 Recent surveys are provided by Berger et al. (2001), Cukierman (2008), De Haan and Eijffinger (2016) and Fernandez-
Albertos (2015).

4 The other two institutional underpinnings are: (i) clear mandate to maintain price stability and commitment to achieve
that goal; (ii) central bank accountability (Mishkin, 2004).
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monetary policy, can require the central bank to coordinate with the government and other regula-
tory institutions. This increases the challenge of preserving central bank independence.® In 2013,
for example, the Bank of Japan agreed to coordinate policy with the government (Condon, 2019).
Issing (2018) considers that “a permanent threat for independence relates to the coordination with
fiscal policies.” More than half of respondents in an expert survey agreed with the statement that
there will be significant changes in the independence of monetary policy in the UK and the Eurozone
in the foreseeable future (De Haan et al., 2017). Goodhart and Lastra (2018) add the rise in populism
to the sources that dented the consensus for central bank independence.

This paper aims to contribute to the policy debate about the importance of maintaining
central bank independence by analyzing empirically its significance for financial stability. The fi-
nancial stability mandate for containing potential systemic risk returned to prominence after public
authorities, both national and supranational, intervened during the financial crisis (Goodhart (2011);
Capie and Wood, 2013).® While financial stability was already an element of most central bank
mandates before the crisis, it was secondary to the prime objective of delivering price stability (Bol-
ton et al, 2019). As an example, the Federal Reserve’s role in financial system stability started in
the late 1960s. Despite the stepping up of “unprecedented actions” during the 2007-2008 financial
crisis, questions remained as to the proper scope and design of the mandate (Haltom and Weinberg,
2017).

Systemic financial risk measures developed in the wake of the crisis made it possible to
quantify the contribution and exposure of banks to systemic risk, as well as improve the regulatory
framework. In parallel, there has been major interest in assessing the determinants of systemic risk.
Weil} et al. (2014) find little empirical evidence in favor of commonly identified factors such as
bank size, leverage, non-interest income, and the quality of a bank’s credit portfolio as determinants
of systemic risk across financial crises. Instead, institutional structures and characteristics of the
regulatory regimes seem to be the important factors.

While there is a substantial literature on the relationship of central bank independence
(CBI) and inflation, studies on the nexus of financial stability and systemic risk are scarce. Cihak
(2010) attributes this to the complex relationship of price stability and financial stability: while in
the long run the price stability can be seen as an important component of the financial stability, in

the short- and medium-term there can be trade-offs between these two mandates. Central banks also

3> Toniolo and White (2015) provide a historical perspective of the financial stability mandate.

6 It has been argued that systemic risk is a particular feature of financial systems (De Bandt and Hartmann, 2000). It
emerges when all parts of the financial system, including multiple markets and institutions, are simultaneously distressed
(Patro et al., 2013).
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have less control over policy outcomes with respect to financial stability as they must share respon-
sibilities with other agencies, hence it is unclear how more CBI affects financial stability. At the
same time, greater CBI reduces the likelihood of political constraints or capture by financial sector
players, and thereby confers time to take action to prevent a financial crisis. Restraining the influ-
ence of politicians on central bank policy removes the danger that a financial crisis can be used as
an issue in the reelection campaign of the incumbent government (Keefer, 2001).

The theoretical work also presents mixed conclusions. In making the case for greater CBI,
Ueda and Valencia (2014) find that if a central bank or macroprudential regulators are not politically
independent, a social optimum is unachievable.” In contrast, Berger and KiBmer (2013) find that
central bankers with greater independence are more likely to refrain from implementing preemptive
monetary tightening to maintain financial stability.

There is a small body of empirical work analyzing the effect of CBI on financial stability,
and more generally on the functioning of financial markets. Most of this literature supports a posi-
tive effect of the CBI. Khan et al. (2013) suggest that an increase in the autonomy of the central
bank lowers the probability of a banking crisis.® In the same vein, Garcia-Herrero and Del Rio Lopez
(2003) and Klomp and de Haan (2009) observe a positive relationship between the degree of central
bank independence and financial stability. Doumpos et al. (2015) find that central bank independ-
ence exercises a positive impact on bank soundness. Empirical papers in this area offer mixed find-
ings as to the impact of CBI on stock market performance. Férch and Sunde’s (2012) results indicate
a positive effect of CBI over stock market returns, while Papadamou et al. (2017) find that enhanced
CBI increases stock market volatility. Using governor turnover as a proxy for limited actual inde-
pendence, Moser and Dreher (2010) use governor turnover as a proxy for limited actual independ-
ence and show that higher turnover affects financial markets negatively. Kuttner and Posen (2010)
also observe that the lack of independence of the central bank enhances the disruptive impact of the
frequent appointments of central bank governors on exchange rates and bond yields.

To examine how the CBI affects banks’ systemic risk, our approach looks at systemic risk
from three angles: the contribution of banks to systemic risk, the exposure of banks to systemic risk,
and the stand-alone risk of banks. Every central bank has its own set of objectives such as price
stability, financial stability, or full employment. Such objectives may conflict on occasion (e.g. ac-
tivist policy, countercyclical monetary policy). Our intuition is that a more independent central bank

is better at pursuing its full palette of objectives.

" The “social optimum” described in the paper requires separating price and financial stability objectives.

8 Arnone et al. (2009) argue that there is a difference between central bank independence (lack of institutional con-
straints) and central bank autonomy (operational freedom). These terms, however, are used interchangeably in the lit-
erature.
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In addition, we contribute to the extant literature concerned with the determinants of the
systemic risk by analyzing a global sample of banks which includes banks from both emerging and
developed countries over an extensive period of time, thus enriching the current literature that tends
to concentrate on developed countries (Broz, 2002; Pistoresi et al., 2011) or is mainly cross-sectional
(Crowe and Meade, 2007). We also analyze how the central bank independence affects the impact
of various country and banking system indicators on systemic risk. Our sample consists of 323 banks
in 40 countries over a period of 14 years (2001-2014). This period comprises the dot-com crisis,
the recent global financial crisis (2007—2009), and the sovereign debt crisis in Europe (2010-2013).

We document a negative and significant influence of central bank independence on major
systemic risk measures (ACoVaR, SRISK, MES and VaR) computed for individual banks, i.e. cen-
tral bank independence is desirable for maintaining financial stability. Our findings are robust after
controlling for nesting and potential endogeneity issues. We further establish that central bank in-
dependence mitigates the systemic risk contribution of banks in environments where banks hold
substantial market power. At the same time, the degree of central bank independence may exacer-
bate the effect of a crisis on the systemic risk exposure and contribution of banks. Hence, central
bank coordination with fiscal policy is needed in resolving a financial crisis.

The remainder of our paper is structured as follows. In Section 2, we describe the method-
ology, sample and data employed. In Section 3, we discuss the empirical findings. Section 4 presents

the concluding remarks.

2 Data, sample, and methodology

This section presents the data used and the econometric model. We explain the framework employed
to estimate the impact of CBI on how much banks contribute to systemic risk and their exposure to

systemic risk. We also describe our measures of CBI and systemic risk.

2.1 Sample and data

We analyze the potential impact of CBI on systemic risk in a panel framework using bank-level data
for 14 years (2001-2014). The final sample in the regression analysis is composed of 323 publicly-
listed banks with the mean size of USD 220 billion at the end of 2014. All banks are active at the
international or national level, and represent 40 countries (Table Al in the Appendix). The final
sample is a refinement of an original sample comprising the 560 banks in 66 countries identified in

Thomson Reuters Datastream as “global banks.”® We excluded banks that either failed to report

? Ticker GRLBANKSWD.
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daily market capitalization consistently throughout the observation period or had more than 25% of

their quarterly balance sheets missing in the Worldscope dataset.

2.2  Econometric framework

Our dataset clearly shows a hierarchical structure with individual banks nested in countries over a
number of years. Similar to Doumpos et al. (2015), we employ a Hierarchical Linear Modeling
(HLM) approach that considers the fact that the data have various levels of aggregation and control
for potential dependency due to nesting effects. The HLM approach has been recently applied in
cross-country studies that examine firm performance (Kayo and Kimura, 2011; Essen et al., 2013;
Lietal., 2013; Marcato et al., 2018), as well as bank risk-taking and stability (Doumpos et al., 2015;
Mourouzidou-Damtsa et al., 2019). It is appropriate for explaining the variance at all levels of ag-
gregation and deals with the fact that there are inherent differences in banking systems in different
countries. The practices of banks in Islamic countries that comply with Sharia law and business
models may differ only nominally from conventional banking in some instances, and quite substan-
tially in others. Financial markets provide the bulk of financing in the US, while in Europe and many
Asian countries, the banking system plays a dominant role, so banks tend to be preferred by com-
panies in raising project financing. Langfield and Pagano (2016) show that Europe is more prone to
systemic risk because of its dependence on bank-based financial structure.

The model estimated has the following form:

SRij,t = Q9 + aq X CBIj,t—l + Y XXij,t—l + 0 X Zj,t—l + ul-j + €j + gij,t (1)

fixed components random components

where SR;; ; is the systemic risk measure of bank i from country ; in year ¢ and CBI; ;_ is the main
variable of interest that quantifies the degree of central bank independence, i.e. CBI index and its
subcomponents (personnel independence, central bank objectives, policy independence, and finan-
cial independence), from country j in year #-1. For all banks, including the international banks,
country j is the country where the bank is incorporated. '

Xijt-1 1s a (k X 1) vector of lagged bank-level control variables (bank size, credit risk
ratio, capitalization, profitability and the funding structure) associated to systemic risk in the litera-
ture (Beck et al., 2006; Berger et al., 2009; Farhi and Tirole, 2012; Laeven et al., 2016; Xu et al.,
2019).

10 For international banks, we capture only the effect of the CBI index in the country where the banks are incorporated.
We acknowledge that the CBI indices from the countries where they operate would have an effect on their SR measures,
but we cannot account for this here.
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Zj_ 4 is a (k X 1) vector that includes banking system variables (bank concentration and
level of financial intermediation) associated with systemic risk in the banking sector (Boyd et al.,
2006; Beck et al., 2017), standard country-level control variables (real GDP growth and inflation)
and a variable that captures the degree of central bank involvement in microprudential supervision
(with the maximum value assigned when all supervisory responsibilities are consolidated under the
roof of the central bank). Melecky and Podpiera (2015) show that having banking supervision in the
central bank can help prevent systemic banking crises, while Doumpos et al. (2015) show that cen-
tral bank involvement in supervision has a positive impact on bank soundness.

Table A2 in the Appendix describes the variables and the sources of data. Table A3 presents
the summary statistics. Table A4 shows the correlation matrix of the regressors.

We use lagged independent variables (except for crisis dummy variables) to control for the

speed of adjustment of systemic risk indicators and to account for potential endogeneity issues
(Melecky and Podpiera, 2013). The random variables u;; and e; allow the intercept (ag + u;; + €;)
to be random and unique to every bank and country. &;; ; is the error term. The model assumes the
intercept is random and slopes are fixed. The model is fit using the maximum likelihood estimation
(ML) of the variance components of Hartley and Rao (1967). To mitigate the problem of outliers,
we winsorize all variables within the 1% and 99% percentiles.

In our analysis of whether CBI affects the impact of selected variables on measures of
systemic risk, we focus on the effect of crisis (the 2007-2009 global financial crisis and sovereign
debt crisis in Europe) and two relevant macroeconomic and banking system characteristics (market
power in the banking system and exchange rate regime) by including these variables and their in-

teraction with CBI in the benchmark regression. The model has the following specification:

SRij,t =

ﬁo + + ag X CB[ij,t—l + ﬁl X CB[ij,t—l X Wj,t—l + 6 X Zj,t—l + Y XXij,t—l + ul-j + €j + Sijw,t (2)

fixed components random components

where W ;_; is the vector of the three selected variable.

2.3 Measures of banks’ systemic risk

It is recognized that all systemic risk measures fall short in capturing the multifaceted nature of
systemic risk, and further that different measures of systemic relevance can lead to conflicting re-
sults in identification of systemically important financial institutions (Benoit et al., 2013). We there-

fore employ three measures of systemic importance estimated for each bank: (1) two measures of

10
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systemic risk contribution (ACoVaR and NSRISK); (2) a measure of systemic risk exposure, and

(3) a measure of banks’ individual (or stand-alone) risk.!!

2.3.1  Systemic risk contribution

i) ACoVaR
The first indicator considered for systemic risk contribution is Conditional Value at Risk (CoVaR)
of Adrian and Brunnermeier (2016). It is based on the well-known Value at Risk (VaR) measure

that involves the estimation of each bank’s ¢” quantile of the following loss function: '

q= Pr(RIL;/Iarket Assets,t) < VaRciI,t 5 (3)

where R4 et assets,¢ 18 the bank’s 7 market value of assets at time ¢ determined by adjusting the
book value of total assets by the ratio between market capitalization (market value of equity) and
the book value of equity:

We focus on the daily change of the market assets of institution i from #-/ to ¢. Because
total assets and book equity have quarterly frequencies while market equity has a daily frequency,
we transform the first two accounting measures into daily frequencies through linear interpolation
between two consecutive quarters.'> We eliminate banks that have missing total assets or equity
data for two or more consecutive quarters.

VaR is the tail risk measure of individual risk of a bank used in the context of micro-
prudential supervision. It therefore fails to capture the risk of the whole system. To assess contagion
spillovers from a bank to the whole system in the case of a severe reduction of the market assets,

we apply the CoVaR methodology. It implies the estimation of the system’s ¢ quantile of the re-

System

turns distribution over a given period of time (Ry;q ket assets,t

), conditioned on the event that each
bank registers its maximum possible loss of returns for the same significance level. More precisely,
we focus on the loss generated by the reduction of banks’ market value of total assets under extreme

events as in Adrian and Brunnermeier (2016):

i i
_ System System|Ryarket assetst=VaRqt | i _ i
q= Pr(RMarket Assets,q < CoVaRq,t |RMarket Aseets,t — VaRq,t)a (4)

1 Bisias et al. (2012) provide an extensive survey of 31 measures of systemic risk.
12 Following Adrian and Brunnermeier (2016), all our systemic risk indicators are estimated for a 5% quantile.
13 We perform cubic spline interpolations as a robustness check. The findings remain robust.

1
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where system is defined by the market value of total assets of the sample. Thus, CoVaR is the VaR
of the banking system when banks are in distress and thus a good indicator of tail-event linkages
between financial institutions (Diebold and Yilmaz, 2014).

To compute VaR and CoVaR, we use the Quintile Regression (QR) developed by Koenker
and Bassett (1978). This method allows us to estimate the dependent variable’s quantiles condi-
tioned on the explanatory variables. It is more robust in the presence of extreme market conditions
(Nistor and Ongena, 2019). We use the method of Machado and Santos Silva (2013), which permits
standard errors to be asymptotically valid in the presence of heteroskedasticity and misspecification.

The individual and systemic risks of the banks have a time-varying component, depending
on different risk factors that affect the banking sector. Adrian and Brunnermeier (2016) propose the
estimation of VaR and CoVaR to be conditioned on several market indices that incorporate infor-
mation representative for the global financial markets. These indices are lagged one period to control
for the speed of adjustment. The market indices we use are presented in Table A2 in the Appendix.

Each bank’s VaR is computed using a linear model that captures the dependence of a bank’s

asset returns on lagged market indices (i.e. vector MI;_;):
Ri/larketAssets,t = ai + .Bi X MI:‘,—l + gi B (5)

where a' is the constant (unobserved characteristics of bank ), ¢ is a (k X 1) vector that captures
the bank’s 7 return dependence relationship with the market indices, and &' is an iid error term.

The return of the system can vary with each bank’s return and with the lagged market
indices as well:

System _ ., System]|i System|i i . System|i System|i
RMarketAssets,t =« Y ! + 6 Y | X RMarketAssets,t + MIt—l X :8 Y ! + Et s (6)

System|i

where a is the constant, capturing the banking system characteristics conditioned on bank i,

pSystemlt s a (k x 1) vector of coefficients that captures the system’s return dependence relationship
with the lagged market indices, 575%™l reflects the conditional dependence of the system’s return

Systemli iq the iid error term.

on bank’s i return, and €
Running regressions from Eq. (5) and Eq. (6) for a quantile of 5% (distressed periods) and
a quantile of 50% (median or tranquil state), we obtain the value of regressors to be used in VaR

and CoVaR estimations:

VaRl, = ab + MI,_; x Bt (7)
CoVaRy, = ap”* ™" 4+ 837°™ 5 VaRL, + MI,_y x 37" ™", (8)

12
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In the end, each financial institution’s contribution to systemic risk (ACoVaR) is defined as the
difference between VaR of the whole system conditioned on the event that the financial institution
registers the lowest return at a given confidence level and VaR of the whole system conditioned on
the event that the financial institution faces the median return:

i

System|R i
Market Assets=VaRg o, (9)

— CoVaR ot

Syst i System|Ri =VaR!
ACOVaRq];S em|i — COVCqu . Market Assets qt
A greater value of ACoVaR is associated with an enhanced contribution to overall systemic risk,

and thus increased interconnectedness.

i) SRISK
The second indicator considered for systemic risk contribution is based on the Systemic Risk Index
(SRISK) introduced by Acharya et al. (2012) and extended to a conditional framework by Brown-
lees and Engle (2017). SRISK measures the contribution of a bank to wide systemic risk, defined as
the loss of a specific bank in terms of capital shortfall, conditioned by the financial system being in
distress. To the extent that SRISK captures a bank’s performance conditional on the left tail of
system returns is also close to capturing a bank’s exposure to common shocks that affect the whole
financial system (Laeven et al., 2016). However, as emphasized by Brownlees and Engle (2017),
“when the economy is in a downturn, the bankruptcy of a firm cannot be absorbed by a stronger
competitor,” hence the obligations will extend to the financial and further to the real sector. The size
of the capital shortfall of a bank during a systemic crisis determines how risky it is systemically.
We define the market as the MSCI World Financials index as in Bostandzic and Weil3
(2018). SRISK is conveniently expressed in monetary units, thereby making it reliable in monitoring
systemic risk contribution. It also accounts for differences in volatility between individual banks.

The capital shortfall of bank i at time ¢ is defined as:
CSt = kAL — Ef = k(L + E}) — E} (10)

E! is the market capitalization of the bank (market value of equity), L. is the book value of total
liabilities, AL is the implied value of total assets, and & is the prudential capital ratio. As specified
above, SRISK is the capital shortfall conditioned by a systemic event, which is the decline of the
system below threshold C over time horizon 4. Putting these altogether, we have the following ex-

pression:

i i S i S i S
SRISKS = Eo(CSL RIS < €) = KE (Ui RS < €) = (L= OB (BRI < ©). (1)

13
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Further, we assume that when a crisis defined by C hits the financial system, the debt cannot be

renegotiated. It follows that:
SRISK} = kLL — (1 — k)E{(1 — LRMES}) (12)

LRMES} is the long-run marginal expected shortfall, i.e. the expectation of the bank equity multi-
period return conditional on the systemic event. Following Brownlees and Engle (2017), we com-
pute LRMES without (Monte Carlo) simulation as 1 — exp(log (1 — d) X beta), where d is the
six-month crisis threshold for the market capitalization of the sample decline when set at 40%, and
beta is the bank’s beta coefficient. The capital prudential ratio k is set at 8% in accordance with the
Basel Accords. SRISK is estimated using the GIR-GARCH framework with a two-step quasi-max-
imum likelihood estimation (QMLE). The SRISK indicator of a distressed institution is positive,
thereby indicating insufficient working capital. A negative value, in contrast, indicates a capital
surplus (no distress).

As in Berger et al. (2019), we normalize the SRISK of bank i from country j by its market
capitalization and call the new measure NSRISK (Normalized SRISK), denoting the proportional
capital shortfall per unit of market capitalization. This normalization ensures that the value of the
systemic risk indicator is not driven by the market size (market capitalization) of individual banks.
Although Acharya et al. (2012) recommend setting negative SRISK values to zero because they
imply a capital surplus and do not contribute to systemic risk, we follow Laeven et al. (2016) and
choose not to do so because this would result in a series with many zeroes that econometrically
would be hardly to explain and result in biased estimations. Moreover, negative NSRISK values are
useful in measuring the relative contribution of the banks to system-wide distress. Thus, our next
approach is to construct two synthetic systemic risk measures using factor analysis that include
NSRISK (see section 3.4), and the series that contain only zeroes (capital surplus only) will be
discarded because they have zero variance.

Figure 1 shows the evolution of average banks’ systemic risk contribution, defined by ACo-
VaR and NSRISK during the 2001-2014 period. One can observe that both ACoVaR and NSRISK
increased during periods of distress such as the dot-com crisis and global financial crisis. However,
the peaks differ for the two indicators, perhaps reflecting the differences between the two measures,
with the ACoVaR closer to capturing contagion risks and NSRISK closer to capturing the exposure
to common shocks affecting the whole financial sector. For ACoVaR, the peak is in 2008, the year
associated with the Lehman Brothers default and onset of global financial crisis. For NSRISK, the

peak is in 2011 when there was a sovereign debt crisis in Europe characterized by high government
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debt and high yield spreads in government securities. Continent-wise, European banks had the larg-
est average contribution to systemic risk over the whole period, defined by NSRISK. Asian banks
were the second largest in terms of average contribution. However, Australian banks were the most
risky in terms of ACoVaR, followed by those from Europe.

In terms of average contribution to systemic wide-distress by country (Figure 2), French
banks had the highest capital shortfall per unit of market capitalization in the 2001-2014 period,
following by bank based in China and Germany. Banks based in the United Arab Emirates, Kuwait,
and Qatar had the highest capital surplus per unit of market capitalization. As for ACoVaR, Belgian,
Canadian and Australian banks were the main contributors, on average, to systemic risk, whereas

the banks from Bahrain, Sri Lanka and Morocco contributed least to systemic risk.

Figure 1 Evolution of average systemic risk contribution by year
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Figure 2 Average systemic risk contribution by country
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2.3.2  Measure of systemic risk exposure

Systemic risk exposure is proxied here by Marginal Expected Shortfall (MES) of Acharya et al.
(2017). MES is defined as the average return on an individual bank’s stock on days when the market
(MSCI World Financials index) experiences a loss greater than a specified threshold C indicative of

market distress.

MES{_; = E,_4(RE{R*“™ < C), (13)

where R} is the return of bank i at time ¢ and Rfy Ste™ is the return of the financial system, defined

as MSCI World Financials index. We model the bivariate process of bank and market returns as

follows:

system system system
R = g e (14)

- ,
Ri = ofel = alpiel” ™ + of [1- pfisi (15)

o} and a;” St are the volatilities of bank i and financial system, respectively, pf is the correlation

coefficient between the return of bank i and the return of the system, and ef ystem el and ¢; care the

error terms which are assumed to be iid. It follows that:

16



BOFIT- Institute for Economies in Transition BOFIT Discussion Papers 13/2020
Bank of Finland

. . , . c , ,
_ system _ system _ system
MES{_; = E;_1(RE|R; <C) = o{E_1(gtle; < Usym) = orpitEe-1(etle

¢
¢ i 2 i1 .System C ]6
< —syseem) + 0¢ |1 = pieEe1(ele < —system) - (16)
t t

As in Benoit et al. (2013), we consider the threshold C equal to the conditional VaR of the system
return, i.e. VaR (5%), which is common for all institutions. Conditional volatilities of the equity
returns are modeled using asymmetric GJR-GARCH models with a two-step Quasi Maximum Like-
lihood estimation. The time-varying conditional correlation is modeled using the Dynamic Condi-
tional Correlation (DCC) framework of Engle (2002). The higher the MES, the higher the exposure
of the bank to systemic risk.

2.3.3  Banks’ individual or stand-alone risk

We also analyze how the central bank independence influences individual risk of the banks (i.e. a
micro-prudential approach). Before the global financial crisis, the micro-prudential paradigm (Basel
I and Basel II approaches) was used to describe financial stability. It assumed that financial insta-
bility is exogenous to the financial system and that risk should be assessed on an individual basis.
Its main drawback was the fact that it ignored spillover effects between institutions — a cause often
cited as the main driver of 2007-2009 recession. We define individual risk as the maximum possible
loss a bank could register for a given confidence level a = 95% over a specific period of time, i.e.
its VaR. We compute VaR using the same methodological approach employed for MES, modeling
conditional volatilities of the equity returns with the asymmetric GJR-GARCH model.

2.4  Central bank independence measures

In general, measures of the degree of central bank independence are built using de facto and de jure
measures of independence. De facto indices associate the independence of central banks to the au-
tonomy of its governor. Thus, a high rate of governor turnover is associated with low central bank
independence. De jure indices capture central bank legislative requirements such as the objective
function of the central bank, the procedures for the appointment of the governor and other board
members, designation of the authority responsible for monetary policy, as well as procedures for
resolving conflicts between the central bank and the government. The de jure index of CBI proposed
by Cukierman et al. (1992) has been widely embraced by researchers. The authors compute the CBI
index for 21 developed and 51 developing countries. The index takes values between zero and one,
where zero means no independence and one perfect independence (see Cukierman et al., 1992 for a

detailed description of the index).
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Here, we use the CBI index computed by Bodea and Hicks (2015). It expands the CBI
index of Cukierman et al. (1992) to comprise 80 countries covering a period from 1972 to 2015.
Similar to this approach, Garriga (2016) codes the central bank legislation for more countries, (182
countries), but a slightly shorter period (1970 to 2012). We opted for using Bodea and Hicks’s
(2015) index because it covers the longest period (more observations for after Lehman Brothers
period), and has a fair overlap of countries with our database. We also employ Garriga’s (2016)
index for robustness check.

The aggregated CBI index of these both databases is a weighted index of four components

and 16 criteria in total:

1. Governor characteristics (Personnel independence): (1) length of governor’s term; (i)
entity delegated to appoint him / her; (iii) provisions for dismissal; and (iv) ability to
hold another office in the government. The weight in the index is 0.2.

2. Policy formulation attributions (Policy independence): (v) whether the central bank is
responsible for monetary policy formulation; (vi) rules concerning resolution of
conflicts between the central bank and government and (vii) the degree of central bank
participation in the formulation of the government’s budget. The weight in the index
is 0.15.

3. Central bank objectives: (viil) monetary stability as one of the primary policy
objectives. The weight in the index is 0.15.

4. Limitations on central bank lending to the public sector (Financial independence): (ix)
advances and (x) securitized lending; (xi) authority having control over the terms
(maturity, interest rate, and amount) of lending; (xii) width of circle of potential
borrowers from the central bank; (xiii) types of limitations on loans, where such limits
exist; (xiv) maturity of possible loans; (xv) limitations on interest rates applicable to
lending, and (xvi) prohibitions on central bank participation in the primary market for

government securities. The weight in the index is 0.5.
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Figure 3 Evolution of average weighted CBI index and its subcomponents by year
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The CBI index and its subcomponents represented in Figure 3 begin a remarkable increase in 2001.
The main difference is in terms of Personnel independence, where the index showed a downward
trend until 2006. Note the sharp drop in value of CBI index starting in 2011. This is likely due to
the fact that the values for European Central Bank (ECB) that we substitute for countries within the
euro zone were only available through 2010. The most independent central banks are, on average,
the central banks of Indonesia, Croatia, and Chile. The least independent central banks are those of

Singapore, Qatar, and Brazil (Figure 4).
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3 Main empirical results

3.1 Base results

The benchmark results presented in Tables 1 and 2 show the negative impact of CBI measures on
the measures of banks’ contribution to systemic risk (ACoVaR and NSRISK).!'* Each of these tables
report the outcome of the estimations for the model described in Eq. (1) corresponding to the five
CBI measures. As the degree of central bank’s independence increases, banks’ contribution to sys-
tem wide-distress decreases. This is strongly valid for all subcomponents of the CBI index and for
the weighted index, except for financial independence in the case of ACoVaR where its coefficient,
although with a negative sign, lacks statistical significance. A one standard deviation increase in the
CBI index leads to decline in the systemic contribution of the banks by 13.23% as measured by
ACoVaR, and by 21.66% as measured by NSRISK. Our results are in line with those of Klomp and
de Haan (2009), suggesting a positive link between central bank independence and financial stabil-
ity, as well as with those of Doumpos et al. (2015), who find that central bank independence exer-
cises a positive impact on bank soundness. The LR test is statistically significant for all models,
meaning that the estimated model through HLM is different from the standard OLS regression,
favoring the multi-level specification.

The estimated coefficients for control variables yield some noteworthy results. The impact
of size, while significant, has opposite signs in the two models, i.e. a negative value in the NSRISK
model and positive value in the ACoVaR model (only in two models out of five the coefficient of
the size variable is statistically significant). As discussed earlier, NSRISK is closer to the exposure
to common shocks that affect the whole financial system, whereas ACoVaR is linked to contagion
risks (Laeven et al., 2016). Hence, the negative sign in the NSRISK model could suggest that larger
banks may diversify more efficiently and enjoy easier access to capital markets, thereby putting
them in a more solid position than smaller bank in the event of a downturn. This assessment is in
line with Shim (2013). On the other hand, size seems to increase contribution to systemic risk con-
tagion. This comports with the “too-big-to-fail” hypothesis, whereby large banks confident of being
bailed out by government in the event of financial distress having greater incentive to engage in
excessive risk-taking behavior and thereby increase the overall systemic risk in the financial sector

(Farhi and Tirole, 2012). This finding is consistent with that of Laeven et al. (2016).

14 Note that the number of the banks and countries differs in concordance with the central bank independence measure
employed. The time span of the CBI index is from 2001 to 2014, whereas for its subcomponents the availability of the
data is from 2001 to 2012.
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As expected, deterioration in the quality of the loan portfolio enhances both measures of
banks’ contribution to systemic risk. Higher capitalization, better profitability and a funding struc-
ture that is mainly based on deposits reduce banks’ systemic distress. Profitability is significant only
in explaining NSRISK; it decreases exposure to common shocks but does not prevent systemic risk
contagion. In terms of macroeconomic and banking-system control variables, higher economic
growth helps banks reduce their systemic importance, whereas inflation amplifies exposure to com-
mon shocks.

Bank concentration’s coefficient is significant but has opposite signs in the two models:
negative for explaining systemic risk contagion and positive for explaining the exposure to common
shocks. Intuitively, this makes sense. Fewer banks in the system make them more prone to exposure
to common shocks but have less impact on contagion. This also mimics the mixed results in the
literature. Beck et al. (2017) find concentration of bank assets to be a key contributor to accumula-
tion of systemic risk in the banking sector. Boyd et al. (2006) claim probability of bank default is
positively and significantly related to concentration. Beck et al. (2006) find that the likelihood of a
banking crisis is reduced in countries with concentrated banking sectors.

Elevated levels of financial intermediation amplify the risk banks pose to the whole finan-
cial system, consistent with the literature.'> CBIS index does not influence exposure to common
shocks but negatively affects the systemic risk contagion, i.e. greater central bank involvement in

supervision of the financial sector helps reduce tail-event linkages between banks.

15 Previous studies (e.g., Reinhart and Rogoff, 2009; Jorda et al., 2013) emphasize that the credit boom is a first-order
factor in explaining banking crises.
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Table 1 Results for the base model: ACoVaR
Dependent: ACoVaR (1) 2) 3) 4) (5)
Fixed-effects parameters
CBI index (t-1) -0.575%**
(0.157)
Personnel indep. (t-1) —0.678%**
(0.179)
CB objectives (t-1) —0.343%**
(0.105)
Policy indep. (t-1) —0.699%**
(0.117)
Financial indep. (t-1) -0.214
(0.142)
Size (t-1) 0.029 0.035 0.040* 0.030 0.044**
(0.020) (0.021) (0.021) (0.021) (0.021)
Credit risk ratio (t-1) 0.380 0.769%* 0.755%* 0.667** 0.854%**
(0.316) (0.320) (0.320) (0.319) (0.318)
Capitalization (t-1) —1.076%* —1.047** —1.068** —0.949%* —1.152%*
(0.442) (0.463) (0.463) (0.462) (0.465)
Profitability (t-1) 1.467 1.791 1.557 1.668 1.622
(1.240) (1.275) (1.276) (1.271) (1.278)
Funding structure (t-1) —0.441%** —0.336** —0.275** —0.340%** —0.287**
(0.129) (0.135) (0.134) (0.134) (0.134)
Real GDP growth (t-1) -0.831* —1.128** —1.011** —1.338%** —1.044**
(0.462) (0.484) (0.483) (0.483) (0.484)
Inflation (t-1) 0.001 —-0.001 —-0.001 —-0.002 -0.001
(0.004) (0.004) (0.004) (0.004) (0.004)
Bank concentration (t-1) —0.003*** —0.002*** —0.002%*** —0.002*** —0.003***
(0.001) (0.001) (0.001) (0.001) (0.001)
Financial intermediation (t-1) 0.001** 0.001** 0.001** 0.001** 0.001**
(0.001) (0.001) (0.001) (0.001) (0.001)
CBIS index (t-1) —0.079%** —0.086*** —0.087*** —0.078*** —0.086%***
(0.020) (0.024) (0.024) (0.024) (0.024)
Constant 0.947* 0.784 0.424 0.946* 0.310
(0.546) (0.569) (0.555) (0.564) (0.555)
Random-effects parameters
Country-level variance —1.052%** —0.945%** —1.043%** —1.013*** —1.090%***
(0.194) (0.175) (0.191) (0.186) (0.197)
Bank-level variance —0.534%** —0.527*** —0.527%** —0.525%** —0.526%***
(0.045) (0.045) (0.045) (0.045) (0.045)
Residual variance —0.919%** —0.904*** —0.902%** —0.907*** —0.901***
(0.013) (0.013) (0.013) (0.013) (0.013)
Yearly observation 3327 3233 3233 3233 3233
Countries 40 43 43 43 43
Banks 323 329 329 329 329
LR test chi-square 2938.761%** 2748.187*** 2800.921*** 2825.238%** 2783.356%**

Note: This table reports the results for the base model described in Eq. (1). The dependent variable is ACoVaR, defined
in Table A2 from the Appendix. The HML model is estimated using the maximum likelihood estimation. The LR test
compares the estimated model with the standard OLS regression, and the null hypothesis is that there are no significant
differences between the two models. Standard errors in parentheses. ***, ** and * denote statistical significance at 1%,

5% and 10%, respectively.
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Table 2 Results for the base model: NSRISK

Dependent: NSRISK (1) 2) 3) 4 6)
Fixed-effects parameters
CBI index (t-1) —0.628***
(0.114)
Personnel indep. (t-1) —0.723%**
(0.131)
CB objectives (t-1) —0.459%**
(0.076)
Policy indep. (t-1) —0.344%%*
(0.096)
Financial indep. (t-1) —0.363%**
(0.115)
Size (t-1) —0.036%** —0.040%** —0.039%** —0.040%** —0.038%**
(0.012) (0.013) (0.013) (0.013) (0.013)
Credit risk ratio (t-1) 0.426* 0.949%** 0.923%%** 0.921%** 1.082%**
(0.222) (0.229) (0.229) (0.232) (0.229)
Capitalization (t-1) —2.449%** —2.593*** —2.593%** —2.545%** —2.731**x*
(0.294) (0.312) (0.312) (0.314) (0.314)
Profitability (t-1) —3.167*** —3.471*** —3.760*** —3.631%** —3.600%***
(0.839) (0.877) (0.876) (0.879) (0.879)
Funding structure (t-1) —0.678%** —0.689%** —0.642%** —0.647%** —0.642%**
(0.086) (0.091) (0.090) (0.091) (0.090)
Real GDP growth (t-1) —0.954%** —0.610* -0.475 —0.653* —-0.487
(0.318) (0.340) (0.340) (0.342) (0.342)
Inflation (t-1) 0.011%** 0.010%*** 0.010%** 0.009*** 0.010%**
(0.003) (0.003) (0.003) (0.003) (0.003)
Bank concentration (t-1) 0.002%** 0.003*** 0.003*** 0.003%** 0.003%**
(0.001) (0.001) (0.001) (0.001) (0.001)
Financial intermediation (t-1) 0.005%** 0.005%** 0.005%** 0.005%** 0.005%**
(0.000) (0.000) (0.000) (0.000) (0.000)
CBIS index (t-1) 0.003 0.028 0.028 0.030%* 0.028
(0.014) (0.018) (0.018) (0.018) (0.018)
Constant 1.188%** 1.278%*** 1.070%** 1.069%*** 1.052%**
(0.342) (0.360) (0.353) (0.358) (0.359)
Random-effects parameters
Country-level variance —0.870%** —0.550%** —0.565%** —0.518%** —0.517%**
(0.130) (0.125) (0.125) (0.128) (0.129)
Bank-level variance —1.275%** —1.285%** —1.284%** —1.284%** —1.288%**
(0.047) (0.048) (0.048) (0.048) (0.048)
Residual variance —1.305%** —1.270%** —1.271%** —1.267%** —1.266%***
(0.013) (0.013) (0.013) (0.013) (0.013)
Yearly observation 3284 3190 3190 3190 3190
Countries 40 43 43 43 43
Banks 323 329 329 329 329
LR test chi-square 2188.474%** 2269.242%** 2307.954%** 2163.498%** 2296.290%**

Note: This table reports the results for the base model described in Eq. (1). The dependent variable is NSRISK, defined
in Table A2 of the Appendix. The HML model is estimated using the maximum likelihood estimation. The LR test
compares the estimated model with the standard OLS regression, and the null hypothesis is that there are no significant
differences between the two models. Standard errors in parentheses. ***, ** and * denote statistical significance at 1%,
5% and 10%, respectively.
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3.2  The impact of central bank independence on
systemic risk exposure and stand-alone risk

Our findings for banks’ exposure to system-wide distress and the stand-alone risk of individual
banks (Table 3, columns 1 and 2, respectively) are in line with those for banks’ contribution to
system-wide distress. Thus, a central bank that is independent in terms of personnel selection, policy
setting and pursuit of its core objectives is helpful to banks in reducing their exposure to systemic
risk and their own stand-alone risk. A one standard deviation increase in the CBI index decreases
systemic exposure of banks by 7.59% as measured by MES, and a one standard deviation increase
in CBl index leads to a fall in the banks’ individual risk by 11.94% as measured by VaR. Regarding
the control variables, greater size, an increased credit risk ratio, and higher levels of credit granted
by financial sector positively impact the risk measures. Inflation has a positive impact on VaR. On
the other hand, better capitalization, a funding structure dominated by deposits, high economic
growth, increased bank concentration and a greater involvement in supervision by the central bank

significantly reduce these measures of distress.
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Table 3 Estimation results for systemic risk exposure (MES) and individual risk (VaR)
MES VaR
Fixed-effects parameters
CBI index (t-1) —0.550** —0.916***
(0.275) (0.350)
Size (t-1) 0.259%** 0.073**
(0.028) (0.032)
Credit risk ratio (t-1) 2.623%** 2.158%**
(0.523) (0.701)
Capitalization (t-1) —2.113%** —3.185%**
(0.700) (0.918)
Profitability (t-1) -2.017 —-1.646
(2.033) (2.736)
Funding structure (t-1) =111 —1.072%**
(0.202) (0.259)
Real GDP growth (t-1) —2.891*** —3.850***
(0.779) (1.067)
Inflation (t-1) —0.007 0.037%**
(0.007) (0.009)
Bank concentration (t-1) —0.009%** —0.010%**
(0.001) (0.002)
Financial intermediation (t-1) 0.009%** 0.007%**
(0.001) (0.001)
CBIS index (t-1) —0.117%*** —0.080*
(0.035) (0.046)
Constant —3.301%** 2.395%*
(0.775) (0.930)
Random-effects parameters
Country-level variance —0.109 —0.170
(0.131) (0.150)
Bank-level variance —(0.533%** —0.461%**
(0.049) (0.053)
Residual variance —0.399%** —0.076%**
(0.013) (0.013)
Yearly observation 3327 3327
Countries 40 40
Banks 323 323
LR test chi-square 1967.876%** 970.073***

Note: This table reports the results for the model described in Eq. (1). The dependent variables are MES and VaR,
defined in Table A2 from the Appendix. The HML model is estimated using the maximum likelihood estimation. The
LR test compares the estimated model with the standard OLS regression, and the null hypothesis is that there are no
significant differences between the two models. Standard errors in parentheses. ***, ** and * denote statistical signif-
icance at 1%, 5% and 10%, respectively.

To conserve space, we only present the results for the weighted CBI index. The findings for subcomponents are similar
with ACoVaR estimations.
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3.3  Further evidence on the role of central bank independence on
systemic risk contribution

In this section, we analyze three propositions regarding how CBI affects the impact of selected

macroeconomic and banking system characteristics on the measures of the systemic risk of banks.

Proposition 1. 4 crisis increases the contribution and exposure of banks to systemic risk.

CBI can exacerbate this.

While we expect a financial crisis to increase the level of the systemic risk measures, the extent of
the impact may depend on several factors, including CBI. Heightened CBI could undermine neces-
sary coordination of the central bank with other authorities during a financial crisis (Balls et al.,
2018). For example, the lender of last resort function of central banks was insufficient during the
global financial crisis. Governments had to bail out distressed financial institutions to prevent finan-
cial contagion. The crisis period had two phases.!® During the first phase (July 2007 to the end of
2009), the effects of global financial crisis intensify in Europe (Brei et al., 2013). The second phase
corresponds with the European sovereign debt crisis in Europe, spanning 2010 to 2013 (Cornille et
al., 2019). Samarakoon (2017) find evidence of contagion effects from the European debt crisis to

other emerging and developed markets around the world.

Proposition 2. High market power in the banking sector increases the systemic risk con-

tribution of banks, but the effect is diminished by a higher level of CBI.

Banks with “high” market power!” can charge higher interest rates to firms that can further engage
in risky activities, and thereby increase the fragility of the financial system (Boyd and De Nicolo,
2005). Anginer et al. (2014) find that the systemic risk of banks and competition are negatively
related. High market power indicates the erosion of competition in the banking sector. We should
note the existence of different, competing thoughts on the nexus competition-fragility/stability. Un-
der competition-fragility theory,'® increased bank competition erodes market power and decreases
profit margins. This creates incentives for banks to take on excessive risk as a way to increase their

returns (Berger et al., 2009).

16 ' We employ different definitions of crisis, including systemic banking crisis from Reinhart and Rogoff (2011) and
Laeven and Valencia (2018). The interaction effect of crisis and CBI remains the same.

17 We define “high” as values greater or equal to the median of the sample.

18 See Carletti and Hartmann (2003) for a review of the literature.
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We measure market power in the banking system with the Lerner index.!® Heightened CBI
can discourage risky behavior caused by high market power as the central bank authorities can evade

capture by financial participants and strengthen the supervisory functions of the central bank.

Proposition 3. Rigid exchange rate regimes positively contribute to systemic risk, but a

higher level of CBI alleviates the effect.

Rigid exchange rates are associated with greater foreign currency borrowing that exposes the econ-
omy to systemic risk (Dell’Ariccia et al., 2020). An independent monetary policy authority may be
able to avoid this problem, however, through mitigating the effects of foreign currency borrowing
and mitigating the effects from systemic risk contagion.

The results (Tables 4 and 5) suggest several interesting insights. As expected, the sign of
the interaction coefficient Crisis X CBI (t-1) is positive and significant, but only in the case of the
systemic interconnectedness measure. Thus, when crisis hits, an independent central bank could
exacerbate delays in implementation of crisis measures when coordination with other institutions is
involved. The sign of the interaction coefficient maintains its statistical significance for the alterna-
tive systemic relevance measures we discuss in section 3.4 (see Tables A6 and A7 in the Appendix
for results).

Furthermore, if a banking sector is characterized by a high market power, the effect is an
increase of systemic risk contribution of banks (although the coefficient of High Lerner index (t-1)
is not significant in the case of NSRISK, it is significant for ACoVaR). This negative effect is di-
minished if the central bank acts independently without any external interference. Regarding the
effect of the exchange rate regime and CBI influence on it, we did not find backing for our propo-
sition as the corresponding coefficients are insignificant. Nevertheless, we do find evidence sup-
porting Proposition 3 for the two alternative systemic risk measures discussed in the next section,
which are constructed based on both ACoVaR and NSRISK. Thus, an increased degree of CBI could
help circumvent the effect of rigid exchange rate regimes on the contribution of banks to system-

wide distress.

!9 The Lerner index is defined as the difference between output prices and marginal costs relative to prices.

27



Alin Marius Andries, Anca Maria Podpiera and Central bank independence and systemic risk
Nicu Sprincean

Table 4 Interaction regression results: ACoVaR
Dependent: ACoVaR (1) (2) 3)
Fixed-effects parameters
CBI index (t-1) —0.782%*** —0.492%** —0.616%**
(0.159) (0.163) (0.146)
Crisis 0.135%**
(0.067)
Crisis X CBI (t-1) 0.336%**
(0.079)
High Lerner index (t-1) 0.226%**
(0.067)
High Lerner index (t-1) X CBI (t-1) —0.313%**
(0.114)
Rigid exchange rate (t-1) 0.036
(0.092)
Rigid exchange rate (t-1) X CBI (t-1) —-0.196
(0.125)
Size (t-1) 0.031 0.036* 0.092%**
(0.021) (0.021) (0.020)
Credit risk ratio (t-1) 0.366 0.338 0.488*
(0.314) (0.322) (0.293)
Capitalization (t-1) —0.873** 1.219 0.943
(0.441) (1.321) (1.162)
Profitability (t-1) 1.075 —0.904** —-0.475
(1.240) (0.450) (0.416)
Funding structure (t-1) —0.471*** —0.507*** —0.329***
(0.129) (0.137) (0.120)
Real GDP growth (t-1) —0.874* —1.026** —1.014**
(0.459) (0.470) (0.421)
Inflation (t-1) 0.003 0.001 —0.005
(0.004) (0.004) (0.004)
Bank concentration (t-1) —0.002%** —0.003*** —0.002%**
(0.001) (0.001) (0.001)
Financial intermediation (t-1) 0.001* 0.001%** 0.003***
(0.001) (0.001) (0.001)
CBISI (t-1) —0.084*** —0.081*** —0.065***
(0.020) (0.021) (0.018)
Constant 0.958* 0.803 -0.377
(0.547) (0.560) (0.542)
Yearly observations 3313 3244 2999
Countries 40 40 40
Banks 322 322 322
LR test chi-square 2029%** 2825%** 3201 %**

Note: This table reports the results for the model described in Eq. (2). The dependent variable is ACoVaR, defined in
Table A2 in the Appendix. The HML model is estimated using the maximum likelihood estimation. The LR test com-
pares the estimated model with the standard OLS regression, and the null hypothesis is that there are no significant
differences between the two models. Standard errors in parentheses. ***, ** and * denote statistical significance at 1%,
5%, and 10%, respectively. To conserve space, we suppressed the output for random-effects parameters.
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Table 5 Interaction regression results: NSRISK
Dependent: NSRISK (1) 2) 3)
Fixed-effects parameters
CBI index (t-1) —0.683*** —0.563*** —0.549%***
(0.116) (0.117) (0.117)
Crisis 0.232%**
(0.046)
Crisis X CBI (t-1) 0.061
(0.055)
High Lerner index (t-1) 0.051
(0.047)
High Lerner index (t-1) X CBI (t-1) —0.200%*
(0.079)
Rigid exchange rate (t-1) —0.062
(0.072)
Rigid exchange rate (t-1) X CBI (t-1) —0.135
(0.096)
Size (t-1) —0.036%*** —0.040*** -0.013
(0.012) (0.013) (0.013)
Credit risk ratio (t-1) 0.431* 0.415% 0.045
(0.223) (0.227) (0.228)
Capitalization (t-1) —2.424%*%* —3.930*** —3.344%**
(0.296) (0.894) (0.869)
Profitability (t-1) —3.230%** —2.201*** —2.079%**
(0.845) (0.301) (0.306)
Funding structure (t-1) —0.687*** —0.799%** —0.631***
(0.086) (0.091) (0.088)
Real GDP growth (t-1) —0.976%*** —0.920*** —1.038***
(0.319) (0.324) (0.323)
Inflation (t-1) 0.011%** 0.010%** 0.011%**
(0.003) (0.003) (0.003)
Bank concentration (t-1) 0.003%** 0.002%** 0.003%**
(0.001) (0.001) (0.001)
Financial intermediation (t-1) 0.005%** 0.005%** 0.006%**
(0.000) (0.000) (0.000)
CBISI (t-1) 0.002 —-0.005 0.006
(0.014) (0.015) (0.014)
Constant 1.207*** 1.357%%* 0.665*
(0.344) (0.351) (0.364)
Yearly observations 3270 3201 2967
Countries 40 40 40
Banks 322 322 322
LR test chi-square 2179%** 21 14%%* 22 54%**

Note: This table reports the results for the model described in Eq. (2). The dependent variable is NSRISK, defined in
Table A2 in the Appendix. The HML model is estimated using the maximum likelihood estimation. The LR test com-
pares the estimated model with the standard OLS regression, and the null hypothesis is that there are no significant
differences between the two models. Standard errors in parentheses. ***, ** and * denote statistical significance at 1%,
5%, and 10%, respectively. To conserve space, we suppressed the output for random-effects parameters.

29



Alin Marius Andries, Anca Maria Podpiera and Central bank independence and systemic risk
Nicu Sprincean

3.4  Robustness assessment using different proxies
for systemic risk contribution

To test the consistency of the results, we run alternative specifications and models. First, we re-
estimate the model described in Eq. (1) fitting a restricted or residual maximum likelihood estimator
(REML). Unlike ML, REML portions the likelihood function into two parts, one independent from
the fixed effects (Corbeil and Searle, 1976). The maximization of this part gives the REML. The
findings are similar to our baseline analysis and available upon request.

Second, we use alternative proxies for systemic risk contribution. Following the approach
of Berger et al. (2019), we compute the principal-component factor using factor analysis based on
our two systemic risk indicators, NSRISK and ACoVaR. We call the new measure Systemic Factor2.
Employing factor analysis to construct new indicators of systemic risk, we synthesize the main in-
formation conveyed by NSRISK and ACoVaR. Additionally, we employ the same technique and
compute Systemic Factor3, which based on NSRISK, ACoVaR, and the Systemic Expected Short-
fall (SES). According to Acharya et al. (2017), SES denotes a firm’s “propensity to be undercapi-
talized when the system as a whole is undercapitalized,” and it is a function of two variables: Mar-
ginal Expected Shortfall (MES) and Leverage (LVG).?

The results for Systemic Factor2 are shown in Table 6. We obtain the same negative and
strongly significant relationship between this measure of systemic relevance and central bank inde-
pendence, which is consistent with the main findings. Moreover, all components of the CBI meas-
ure, including financial independence, are significant. Concerning control variables, size, inflation,
profitability, and bank concentration are not statistically significant. However, the coefficient of
central bank involvement in supervision index is negative and significant in four models out of five:
assigning central bank with many supervisory responsibilities is beneficial for stability of the bank-
ing system and financial system as a whole. Doumpos et al. (2015) reach the same conclusion in
terms of bank soundness.

The results for Systemic Factor3 are shown in Table AS in the Appendix. Overall, our
findings remain robust. The five measures that capture the degree of central bank independence are
all negative and highly statistically significant. Comparing to Systemic Factor2, this time profita-
bility is significant, with a negative impact on systemic risk, being in line with the findings for
NSRISK, presented in Table 2. The impact of size is negative and significant for all models. Inflation
and central bank involvement in supervision index are statistically significant only in the case of

weighted CBI index.

20 A description of these variables and the computational methodological is provided in Table A2 in the Appendix.
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Finally, we test whether the findings are not driven by the sample selection by excluding
from the analysis a) the countries with the highest number of banks (the United States and Japan),
b) the countries with no more than three banks, and c) both groups of countries. A detailed list with
the number of banks by country is given in Table Al from the Appendix. To conserve space, the
results for this robustness assessment are showcased in Table 7, but only for the weighted CBI index.
Note that our findings are in line with those from the benchmark models (Table 1 and Table 2), and
the coefficients of the CBI index across all six models preserve their negative sign and statistical

significance.
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Table 6 Robustness assessment using a different SR measure: Systemic Factor2
Dependent: SF2 (1) 2) 3) 4 5)
Fixed-effects parameters
CBI index (t-1) —0.996%**
(0.210)
Personnel indep. (t-1) —1.248%**
(0.238)
CB objectives (t-1) —0.691%**
(0.139)
Policy indep. (t-1) —0.673%**
(0.168)
Financial indep. (t-1) —0.448**
(0.201)
Size (t-1) —0.044%* —0.042 —-0.036 —0.042 —0.034
(0.026) (0.026) (0.026) (0.026) (0.026)
Credit risk ratio (t-1) 1.327%%* 2.218%** 2.200%*** 2.157%** 2.444%x*
(0.419) (0.428) (0.428) (0.432) (0.427)
Capitalization (t-1) —3.896%** —4.110%** —4.136%** —4.024%** —4.334%**
(0.565) (0.598) (0.598) (0.601) (0.603)
Profitability (t-1) -1.586 -1.467 -1.938 -1.755 -1.725
(1.587) (1.651) (1.652) (1.654) (1.657)
Funding structure (t-1) —1.026*** —0.983%** —0.885*** —0.925%** —0.896%**
(0.165) (0.175) (0.173) (0.174) (0.174)
Real GDP growth (t-1) —1.416** —1.382%* —-1.159% —1.502%* -1.206*
(0.595) (0.631) (0.631) (0.634) (0.634)
Inflation (t-1) 0.008 0.005 0.005 0.004 0.005
(0.005) (0.005) (0.005) (0.005) (0.005)
Bank concentration (t-1) 0.000 0.001 0.001 0.001 0.000
(0.001) (0.001) (0.001) (0.001) (0.001)
Financial intermediation (t-1) 0.007%** 0.007%** 0.007%** 0.006%*** 0.006%***
(0.001) (0.001) (0.001) (0.001) (0.001)
CBIS index (t-1) —0.072%** —0.054* —0.054* —0.049 —0.054*
(0.027) (0.033) (0.032) (0.033) (0.033)
Constant 0.700 0.700 0.202 0.407 0.094
(0.690) (0.720) (0.705) (0.716) (0.712)
Random-effects parameters
Country-level variance —0.420%** —0.327%* —0.373%** —0.359%* —0.375%*
(0.147) (0.140) (0.142) (0.147) (0.148)
Bank-level variance —0.425%%* —0.418%** —0.420%** —0.416%** —0.419%**
(0.046) (0.0406) (0.0406) (0.047) (0.0406)
Residual variance —0.678*** —0.650%** —0.649%** —0.648*** —0.645%***
(0.013) (0.013) (0.013) (0.013) (0.013)
Yearly observation 3284 3190 3190 3190 3190
Countries 40 43 43 43 43
Banks 323 329 329 329 329
LR test chi-square 2541.686%**  2352.671***  2432.430***  2391.663***  2421.616***

Note: This table reports the results for the base model described in Eq. (1). The dependent variable is Systemic Factor2,
defined in Table A2 in the Appendix. The HML model is estimated using the maximum likelihood estimation. The LR
test compares the estimated model with the standard OLS regression, and the null hypothesis is that there are no signif-
icant differences between the two models. Standard errors in parentheses. ***, ** and * denote statistical significance
at 1%, 5%, and 10%, respectively.
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Table 7 Robustness assessment using different sample structures
(2)
US and Jap(agl excluded | NO cotlilgt;izsb\;vriltﬁlsfewer (H+@)
Dependent variables ACoVaR NSRISK ACoVaR NSRISK ACoVaR NSRISK
Fixed-effects parameters
CBI index (t-1) —0.596%**%  —0.356%**% | —0.570%*F*  —0.674%*F* | —0.577*FF*  —0.370%**
(0.1406) (0.114) (0.161) (0.113) (0.149) (0.111)
Size (t-1) 0.131***  0.047*** | 0.029 —0.040%** | 0.137%*%*  (.054%**
(0.025) (0.017) (0.021) (0.012) (0.026) (0.018)
Credit risk ratio (t-1) —-0.148 1.284%** | 0.347 0.319 —-0.201 1.170%**
(0.321) (0.2406) (0.319) (0.217) (0.322) (0.235)
Capitalization (t-1) 0.383 —1.389%** | _1.161%** —2396%** | 0.292 —1.214%%*
(0.498) (0.363) (0.447) (0.288) (0.503) (0.351)
Profitability (t-1) 2.284% —2.404%* 1.939 —3.013%** | 3223%%  _2.096%*
(1.311) (0.961) (1.253) (0.817) (1.316) (0.916)
Funding structure (t-1) —-0.199 —0.622%** | —0.416%** —0.641*** | —0.130 —0.555%**
(0.135) (0.098) (0.132) (0.085) (0.138) (0.096)
Real GDP growth (t-1) —0.913* —0.863** | —0.950%*  —1.160*** | —0.963**  —1.061%**
(0.470) (0.350) (0.4706) (0.316) (0.483) (0.342)
Inflation (t-1) —-0.003 0.011%** | 0.002 0.012%** | —0.002 0.012%x**
(0.004) (0.003) (0.004) (0.003) (0.004) (0.003)
Bank concentration (t-1) —0.002* 0.000 —0.003***  0.002%** | —0.001* 0.000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Financial intermediation (t-1) 0.003*** — 0.006*** | 0.001***  0.005%** | 0.003***  0.005%**
(0.001) (0.000) (0.001) (0.000) (0.001) (0.000)
CBIS index (t-1) —0.067***  0.003 —0.084%**  0.004 —0.069***  0.006
(0.019) (0.014) (0.021) (0.014) (0.019) (0.014)
Constant —1.490%*  —0.705 0.922%* 1.282%** | —1.628**  —0.905%**
(0.646) (0.454) (0.555) (0.342) (0.660) (0.461)
Random-effects parameters
Country-level variance —1.250%***  —1.075%*%* | —1.083*** _0.821%** | —1.267*** —1.018%**
(0.216) (0.144) (0.203) (0.136) (0.221) (0.151)
Bank-level variance —0.552%%% ] 155%** | _(.535%** ] 280%F* | —0.550%F* ] 143%**
(0.055) (0.057) (0.045) (0.048) (0.056) (0.058)
Residual variance —0.995%**  _1.300%*%* | —0.916%** —1.340%** | —1.002%** —].363%**
(0.016) (0.017) (0.013) (0.013) (0.017) (0.017)
Yearly observations 2080 2041 3201 3158 1954 1915
Countries 38 38 34 34 32 32
Banks 224 224 310 310 211 211
LR-test chi-square 1948%** 1475%%* 2788*** 2464 *** 1819%*** 1553%**

Note: This table reports the results for the base model described in Eq. (1). The dependent variables are ACoVaR and
NSRISK, defined in Table A2 in the Appendix. The HML model is estimated using the maximum likelihood estimation.
The LR test compares the estimated model with the standard OLS regression, and the null hypothesis is that there are
no significant differences between the two models. Standard errors in parentheses. *** ** and * denote statistical
significance at 1%, 5%, and 10%, respectively.
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4 Conclusion

The agreement around the concept of central bank independence has lessened in the wake of the
global financial crisis of 2007-2009. This shift reflects an increase in the range of powers central
bank have acquired, with some of these powers involving coordination with fiscal policy-making.
Some evidence of distributional effects across different segments of population resulting from un-
conventional monetary policy has increased calls for reining in central bank independence. How-
ever, a core issue is how the financial stability that has been fastened stronger than before to central
banks in many countries relates to the central bank independence.

We find a robust, negative and significant impact of central bank independence on the
contribution and exposure of banks to systemic risk, as well as a similar impact of central bank
independence on stand-alone bank risk. These results lend support for central bank independence as
it helps banks reduce the risk they pose to the banking system as a whole as well as the risk individ-
ual banks face. However, the results also show that the too much central bank independence can
exacerbate the effect of a crisis on the contribution of banks to systemic risk. In parallel, in environ-
ments where banks enjoy above median or “high” market power, the systemic risk contribution of
banks is enhanced. In such case, the effect is reduced if the central bank acts independently.

Therefore, preserving central bank independence is important for financial stability even
at times when coordinated interaction with governments is needed. A memorandum of understand-
ing between a country’s independent central bank and government might facilitate such needed col-
laboration, or more elegantly in the words of former Fed chief Ben Bernake: “The general principle
of CBI does not preclude coordination of central bank policies with other parts of the government
in certain situations” (Bernanke, 2017).

We confirm a significant effect on the measure of the systemic relevance of bank charac-
teristics (size, credit risk ratio, capitalization, profitability, funding structure), banking sector char-
acteristics (concentration, level of financial intermediation), macroeconomic variables (GDP growth
and inflation) and the degree of central bank involvement in microprudential supervision. The im-
pact of some variables such as bank size, profitability, and concentration of the banking sector on

different measures of systemic distress varies in terms of sign and significance.
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Appendix

Table A1 Distribution of the banks by country

Country Number of banks Percent Cumulative percent
Australia 5 1.55 1.55
Austria 5 1.55 3.10
Bahrain 6 1.86 4.95
Belgium 1 0.31 5.26
Brazil 4 1.24 6.50
Canada 8 2.48 8.98
Chile 6 1.86 10.84
China 7 2.17 13.00
Croatia 1 0.31 13.31
Denmark 5 1.55 14.86
Egypt, Arab Rep. 6 1.86 16.72
France 6 1.86 18.58
Germany 3 0.93 19.50
Indonesia 8 2.48 21.98
Israel 6 1.86 23.84
Italy 13 4.02 27.86
Japan 48 14.86 42.72
Jordan 9 2.79 45.51
Kuwait 7 2.17 47.68
Malaysia 8 2.48 50.15
Mexico 4 1.24 51.39
Morocco 3 0.93 52.32
Norway 3 0.93 53.25
Pakistan 8 2.48 55.73
Peru 4 1.24 56.97
Philippines 8 2.48 59.44
Poland 8 2.48 61.92
Portugal 2 0.62 62.54
Qatar 8 2.48 65.02
Singapore 3 0.93 65.94
South Africa 5 1.55 67.49
Spain 5 1.55 69.04
Sri Lanka 5 1.55 70.59
Sweden 4 1.24 71.83
Switzerland 14 4.33 76.16
Thailand 4 1.24 77.40
Turkey 9 2.79 80.19
United Arab Emirates 8 2.48 82.66
United Kingdom 5 1.55 84.21
United States 51 15.79 100.00
Total 323 100
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Table 2

Description of variables

Variable name
Dependent variables (bank level)
Normalized SRISK (NSRISK)

ACoVaR

Marginal Expected Shortfall
(MES)

Leverage (LVG, market
leverage)

Systemic Expected Shortfall
(SES)

Systemic Factor2
Systemic Factor3

Value-at-Risk (VaR)

Definition

The loss of the bank i within a year conditioned by the whole system in distress (5% worst outcomes of market capitalization) per unit of market capitalization.
SRISK is determined using the DCC-GJR GARCH method with a two-step Quasi Maximum Likelihood (QML) estimation as in Acharya et al. (2012) and
Brownlees and Engle (2017). We divide SRISK by bank i’s market capitalization to get NSRISK. SRISK is expressed in USD as well as market capitalization.
System is defined by the MSCI World Financials Index.

Bank i’s yearly contribution to systemic risk as defined by Adrian and Brunnermeier (2016). It is measured as the difference of the value-at-risk (VaR) of the
system’s market value of total assets conditional on the distress of a particular bank (5% worst outcomes) and the VaR of the system’s market value of total assets
conditional on the median state of the bank (median outcomes). ACoVaR is estimated using the Quantile Regression method for an empirical specification. The
system’s market value of total assets is regressed on each bank’s market value of total assets and on a set of market indices that captures the exposure of financial
institutions to common factors. The common factors are: (i) the daily return of the MSCI World Index, (ii) the CBOE Volatility Index (VIX), (iii) the daily real
estate sector return (MSCI World Real Estate) in excess of the banking sector return (MSCI World Banks), (iv) the change in the three-month T-bill rate, (v) the
spread between three-month repo rate and three-month T-bill rate, (vi) the spread of change in 10-year bond yield and three-month T-bill rate, and (vii) the change
in the spread of Moody's Baa corporate bond yield and 10-year bond yield. System is defined as the market value of total assets of the sample.

Yearly Marginal Expected Shortfall as defined by Acharya et al. (2017), i.e. the average return on an individual bank’s stock on the days the MSCI World
Financials Index experienced a 5% worst outcome. Conditional volatilities of the equity returns are modeled using asymmetric GJR-GARCH models with a two-
step Quasi Maximum Likelihood (QML) estimation. The time-varying conditional correlation is modeled using the Dynamic Conditional Correlation (DCC)
framework of Engle (2002).

Market leverage computed as the ratio of the quasi-market value of assets divided by market value of common equity, where the quasi-market value of assets is
book value of assets minus book value of common equity plus market value of common equity as in Acharya et al. (2017).

A bank’s propensity to be undercapitalized when the system as a whole is undercapitalized increases in its leverage, volatility, correlation, and tail dependence.
SES is computed as in Acharya et al. (2017), based on MES and LVG for each bank i in year t: SES;;=0.02 — 0.15 X MES;;; — 0.04 X LVGi,.

Principal-component factor computed using factor analysis based on NSRISK and ACoVaR similar to Berger et al. (2019).
Principal-component factor computed using factor analysis based on NSRISK, ACoVaR and SES similar to Berger et al. (2019).

The maximum possible loss as a percent of returns that a bank could register for a given confidence level (95%). The loss is found in the left tail corresponding
to the 95% confidence level of the returns distribution function.

Data used for systemic risk (bank level)

Market equity
Total assets
Book equity
Market assets

MSCI World Financials index
(market)

Market capitalization

Book value of Total assets

The book value of Common equity

Total assets X (Market equity/Book equity)

Log-returns of MSCI World Financials Index

Source

Own calculations

Own calculations

Own calculations

Own calculation

Own calculation

Own calculations
Own calculation

Own calculation

Datastream
Worldscope
Worldscope
Own calculations

Datastream
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Variable name Definition
Bank level variables
Size Natural logarithm of Total assets in US dollars

Credit risk ratio Non-performing loans/Total loans

Capitalization Common equity/Total assets

Profitability (ROA) Net income/Total assets

Funding structure Total deposits/Total liabilities
Macro/banking system level variables

Central Bank Independence Updated version of Cukierman et al.’s (1992) index by Bodea and Hicks (2015). The index has four components that we use in our analysis relating to (i)

index appointment, dismissal, and term of office for the head of the central bank (Personnel independence), (ii) the resolution of conflicts between the executive branch
and the central bank (Policy independence), (iii) the objectives of the central bank (Central bank objectives), and (iv) the rules limiting lending to the government
(Financial independence). The indexes range between 0 and 1, higher values express greater independence.

Real GDP growth Annual percentage growth rate of Gross Domestic Product based on constant local currency. Aggregates are based on constant 2010 U.S. dollars.

Inflation Inflation as measured by the change in consumer price index, reflecting the annual percentage change in the cost to the average consumer of acquiring a basket

of goods and services that may be fixed or changed at specified intervals, such as yearly.

Bank concentration Assets of three largest banks as a share of total commercial banking assets. Total assets include total earning assets, cash and due from banks, foreclosed real

estate, fixed assets, goodwill, other intangibles, current tax assets, deferred tax, discontinued operations and other assets.

Financial intermediation Domestic credit provided by financial sector/GDP.

Central bank involvement in
supervision index (CBIS index)

An index that captures the roles of the central bank in supervising all, some, or none of the various financial sector actors. The CBIS Index takes a maximum
score of 6 in countries where all supervisory responsibilities are assigned to the central bank and the minimum score of 1 in countries where the central bank is
not involved in supervision.

Variables used in interaction regressions

Crisis Dummy variable: takes a value of 1 if the period is between 2007 and 2013, and 0 otherwise.

High market power Lerner index values greater or equal to the sample median. The Lerner index is defined as the difference between output prices and marginal costs (relative to

prices). An increase in the Lerner index indicates a deterioration of the competitive conduct of financial intermediaries.

Rigid exchange rate regime Dummy variable: takes the value of 0 if the exchange regime in a country is either floating or free-floating, and 1 otherwise.

Source

Worldscope
Worldscope
Worldscope
Worldscope

Worldscope

Bodea and Hicks (2015)
and Garriga (2016)

WDI

WDI

WDI

WDI

Masciandaro and
Romelli (2017)

Own calculations

Own calculations; WDI

Own calculations; IMF

World Development Indicators (WDI); International Monetary Fund (IMF)
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Table A3 Summary statistics

Mean 5;3 p25 Median p75 Min Max Obs.
ACoVaR 1.247 0.892 0.591 1.178 1.804 -2.39 5.484 3327
NSRISK 23350  87.948 -14.675 0316  36.879 -70.019 2841.164  23.350
CBI index 0.565 0.194 0.472 0.475 0.775 0.173 0.954 3293
Personnel independence 0.553 0.159 0.438 0.582 0.707 0.063 0.832 2936
CB objectives 0.559 0.227 0.400 0.600 0.600 0.000 1.000 2936
Policy independence 0.549 0.328 0.268 0.668 0.750 0.000 1.000 2936
Financial independence 0.587 0.290 0.329 0.626 0.891 0.013 1.000 2936
Size 24.204 1.716  23.148  24.011 25.06  18.568 29.011 3327
Credit risk ratio 3.600 3.900 1.000 2.600 4.800 0.000 53.500 3270
Capitalization 1.300 1.400 0.500 1.200 1.800 -25.800 12.800 3226
Profitability 8.400 4.300 5.500 7.600  10.100 1.100 61.000 3263
Funding structure 74.900  19.300  63.800  79.900  90.900 0.000 100.400 3327
Real GDP growth 2.800 3.400 1.400 2.400 4200 —5.700 26.200 3327
Inflation 2.846 3.823 0.803 2.27 3393 —4.863 54.4 3327
Bank concentration 5541  21.283 36.97 46319 74.84  23.113 100 3318
Financial intermediation 165.619  90.878 85909 156.385 227.188 15.171 346.489 3321
CBIS index 2.009 1.109 1.000 2.000 3.000 1.000 6.000 3105

Note: These figures correspond to the actual number of observations, i.e. not winsorized. A complete description of
variables is given in Table A2 in the Appendix.
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Table A4 Correlation matrix of the regressors

Variables 1) 2) 3) 4) ) (6) (7) ®) 9) (10) (11) (12) (13) (14) (15)
(1) CBI index 1.000
(2) Personnel indep. 0.187* 1.000
(3) CB objectives 0.592* 0.223* 1.000
(4) Policy indep. 0.563* 0.357* 0.420* 1.000
(5) Financial indep. 0.719*  —0.140* 0.324* 0.274* 1.000
(6) Size 0.093*  —0.001 -0.065*  —-0.090* 0.085* 1.000
(7) Credit risk —0.066* 0.102* 0.011 0.267*  —0.154*  —0.215* 1.000
(8) Capitalization -0.071*  —0.084*  —0.001 —0.073* 0.124*  —0.427* 0.067* 1.000
(9) Profitability 0.093*  —0.092* 0.138* 0.019 0.204*  —0.148*  —0.165* 0.457* 1.000
(10) Funding structure -0.312* 0.197* 0.096*  —0.145*  —0.470*  —0.395* 0.138* 0.063*  —0.219* 1.000
(11) Real GDP growth -0.036*  —0.048* 0.062*  —0.047* 0.115*  —0.150* 0.005 0.279* 0.334* 0.021 1.000
(12) Inflation 0.066*  —0.082* 0.036* 0.167* 0.178*  —0.211* 0.091* 0.249* 0.332*  —0.121* 0.279* 1.000
(13) Bank concentration 0.069*  —0.084* 0.077* 0.188* 0.107*  -0.027 0.083*  —0.034* 0.117*  —0.343* 0.206* 0.121* 1.000
(14) Financial intermed. -0.306* 0.089*%  —0.065*  -0.261*  -0.456* 0.208*  —0.144*  -0.350*  -0.436* 0.340*  —0.477*  -0.488*  -0.446* 1.000
(15) CBIS index —-0.100*  —0.218*  —0.239* 0.088* 0.182*  —0.137* 0.190* 0.314* 0.093*  —0.159* 0.227* 0.205%* 0.182*  —0.471* 1.000

Note: * denotes statistical significance at the maximum level of 10%.
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Table A5 Robustness assessment using a different SR measure: Systemic Factor3
Dependent: SF3 (1) 2) 3) 4) (&)
Fixed-effects parameters
CBI index (t-1) —2.544%**
(0.443)
Personnel indep. (t-1) —3.040%**
(0.500)
CB objectives (t-1) —1.810%**
(0.294)
Policy indep. (t-1) —1.575%**
(0.370)
Financial indep. (t-1) —1.116%*
(0.439)
Size (t-1) —0.130%** —0.119%* —0.111%* —0.120%* —0.108%**
(0.052) (0.054) (0.054) (0.055) (0.054)
Credit risk ratio (t-1) 2.831%** 5.275%*x* 5.201%** 5.120%*%* 5.860%**
(0.873) (0.904) (0.904) (0.916) (0.904)
Capitalization (t-1) —11.233%%*%* —11.750%** —11.788%** —11.518*** —12.300%**
(1.177) (1.258) (1.258) (1.265) (1.269)
Profitability (t-1) —8.216** —9.555%** —10.770%** —10.245%** —10.140%**
(3.266) (3.439) (3.439) (3.448) (3.455)
Funding structure (t-1) —2.461%** —2.365%** 2. 141 %%* —2.201%** —2.137%**
(0.343) (0.366) (0.363) (0.365) (0.365)
Real GDP growth (t-1) —2.674%* —2.904** —2.344%* —3.115%* —2.450*
(1.230) (1.322) (1.322) (1.330) (1.330)
Inflation (t-1) 0.022%* 0.018 0.018 0.016 0.018
(0.011) (0.011) (0.011) (0.011) (0.011)
Bank concentration (t-1) 0.003 0.004* 0.004 0.004* 0.003
(0.002) (0.002) (0.002) (0.002) (0.002)
Financial intermediation (t-1) 0.021%** 0.021%** 0.021%** 0.021%** 0.021%**
(0.002) (0.002) (0.002) (0.002) (0.002)
CBIS index (t-1) —0.108* 0.040 0.040 0.049 0.039
(0.056) (0.069) (0.069) (0.069) (0.069)
Constant 0.486 0.107 -0.913 —0.660 -1.193
(1.431) (1.499) (1.470) (1.493) (1.489)
Random-effects parameters
Country-level variance 0.536%** 0.676*** 0.648*** 0.683%** 0.659%***
(0.133) (0.128) (0.129) (0.133) (0.134)
Bank-level variance 0.253%** 0.248*** 0.248*** 0.250%** 0.247%*%*
(0.047) (0.048) (0.048) (0.048) (0.048)
Residual variance 0.040%** 0.082%** 0.082%** 0.084%** 0.087%**
(0.013) (0.013) (0.013) (0.013) (0.013)
Yearly observation 3248 3154 3154 3154 3154
Countries 40 43 43 43 43
Banks 323 329 329 329 329
LR test chi-square 2475.609%** 2342 727***  2416.620***  2350.032***  2396.280***

Note: This table reports the results for the base model described in Eq. (1). The dependent variable is Systemic Facor3,
defined in Table A2 in the Appendix. The HML model is estimated using the maximum likelihood estimation. The LR
test compares the estimated model with the standard OLS regression, and the null hypothesis is that there are no signif-
icant differences between the two models. Standard errors in parentheses. ***, ** and * denote statistical significance

at 1%, 5%, and 10%, respectively.
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Table A6 Interaction regression results: Systemic Factor2
Dependent: SF2 (1) (2) 3)
Fixed-effects parameters
CBI index (t-1) —1.224%** —0.865%*** —1.022%**
(0.212) (0.216) (0.197)
Crisis 0.397%**
(0.087)
Crisis X CBI (t-1) 0.330%**
(0.102)
High Lerner index (t-1) 0.253%**
(0.087)
High Lerner index (t-1) X CBI (t-1) —0.496%**
(0.148)
Rigid exchange rate (t-1) 0.002
(0.120)
Rigid exchange rate (t-1) X CBI (t-1) —0.297*
(0.162)
Size (t-1) —-0.041 —-0.040 0.033
(0.026) (0.026) (0.026)
Credit risk ratio (t-1) 1.323%%** 1.281%%* 1.088***
(0.416) (0.427) (0.389)
Capitalization (t-1) —3.673%** —2.468 -2.035
(0.563) (1.686) (1.484)
Profitability (t-1) -1.939 —3.534*** —3.033%**
(1.587) (0.575) (0.533)
Funding structure (t-1) —1.055%** —1.197%** —0.855%**
(0.164) (0.175) (0.155)
Real GDP growth (t-1) —1.467** —1.558*** —1.836%***
(0.591) (0.604) (0.543)
Inflation (t-1) 0.009* 0.007 0.002
(0.005) (0.005) (0.005)
Bank concentration (t-1) 0.001 0.000 0.001
(0.001) (0.001) (0.001)
Financial intermediation (t-1) 0.006%** 0.006*** 0.010%**
(0.001) (0.001) (0.001)
CBISI (t-1) —0.077*** —0.082*** —0.061***
(0.027) (0.027) (0.023)
Constant 0.677 0.682 —-0.960
(0.689) (0.705) (0.691)
Yearly observations 3270 3201 2967
Countries 40 40 40
Banks 322 322 322
LR test chi-square 2533%%* 2450%** 2885%**

Note: This table reports the results for the model described in Eq. (2). The dependent variable is Systemic Factor2,
defined in Table A2 in the Appendix. The HML model is estimated using the maximum likelihood estimation. The LR
test compares the estimated model with the standard OLS regression, and the null hypothesis is that there are no signif-
icant differences between the two models. Standard errors in parentheses. ***, ** and * denote statistical significance
at 1%, 5%, and 10%, respectively. To conserve space, we suppressed the output for random-effects parameters.
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Table A7 Interaction regression results: Systemic Factor3
Dependent: SF3 (1) 2) 3)
Fixed-effects parameters
CBI index (t-1) —2.853*** —2.233%** —2.565%**
(0.444) (0.453) (0.426)
Crisis 1.006%***
(0.178)
Crisis X CBI (t-1) 0.374%*
(0.212)
High Lerner index (t-1) 0.451%*
(0.180)
High Lerner index (t-1) X CBI (t-1) —1.027%**
(0.305)
Rigid exchange rate (t-1) —0.016
(0.256)
Rigid exchange rate (t-1) X CBI (t-1) -0.613%*
(0.346)
Size (t-1) —0.124** —0.124** —-0.001
(0.052) (0.053) (0.053)
Credit risk ratio (t-1) 2.905%** 2.719%** 2.183%**
(0.864) (0.884) (0.832)
Capitalization (t-1) —10.866%** —10.448%** —9.772%**
(1.168) (3.449) (3.140)
Profitability (t-1) —8.345%* —10.431%** —9.442%**
(3.253) (1.190) (1.140)
Funding structure (t-1) —2.458%** —2.805%** —2.030%**
(0.339) (0.361) (0.328)
Real GDP growth (t-1) —2.719** —2.807** —3.491***
(1.218) (1.241) (1.156)
Inflation (t-1) 0.023** 0.019* 0.013
(0.011) (0.011) (0.010)
Bank concentration (t-1) 0.004* 0.003 0.006***
(0.002) (0.002) (0.002)
Financial intermediation (t-1) 0.020%** 0.020%** 0.027%**
(0.002) (0.002) (0.002)
CBISI (t-1) —0.113** —0.132%* —0.093*
(0.055) (0.056) (0.050)
Constant 0.364 0.516 —2.453%*
(1.419) (1.447) (1.454)
Yearly observations 3234 3166 2932
Countries 40 40 40
Banks 322 322 322
LR test chi-square 2454% %% 2373%x* 2725% %%

Note: This table reports the results for the model described in Eq. (2). The dependent variable is Systemic Factor3,
defined in Table A2 in the Appendix. The HML model is estimated using the maximum likelihood estimation. The LR
test compares the estimated model with the standard OLS regression, and the null hypothesis is that there are no signif-
icant differences between the two models. Standard errors in parentheses.***, ** and * denote statistical significance
at 1%, 5%, and 10%, respectively. To conserve space, we suppressed the output for random-effects parameters.
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