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Abstract

The global financial crisis and, also, the pandemic situation, have generated the need for
early warning systems, which can predict, in due time, the emergence and spread of banking
crises. Macrostability deterioration can increase the country's risk. The bank crises
likelihood is presented using a logistic regression, based on indicators, proposed by the
European Commission. With an accuracy rate of about 89%, the results of the study
captured the indicators’ power to emit early signals. This is reported using the Area Under
the Receiver Operating Characteristic (AUROC), recording a prediction value of
approximately 91%, with a significant positive impact on the sovereign risk. As future
research directions, the paper expands by capturing the correlation between sovereign risk
and banking instability, with an effect on the real economy.
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Introduction

The topic enjoys a complexity, given the
context of the pandemic situation we are
currently in. Macroeconomic imbalances
have always been an issue on the front
page of the analysts' agenda in order to
remedy them and ensure financial stability,
and implicitly the well-being of the
economy.

The paper aims at analyzing indicators that
describe vulnerabilities at the
macroeconomic environment in order to
quantify the banking crisis probability,
with an impact on the sovereign risk
premium. In this sense, the European

Commission has proposed a series of
macro-financial indicators, creating a
common database for monetary policy
makers with a role in supervising and
ensuring financial stability at European
level.

The motivation for choosing the theme
consists in the paradoxical character that
the propagation in both directions has the
broadband connection between banking
instability and sovereign risk. In this sense,
a defining element in the description of the
uncertainty on the market is the early
warning systems.

The result of the interaction between
vulnerabilities and macroeconomic shocks
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has led to banking crises. Usually,
imbalances of any kind evolve against
ensuring the well-being of the economy, an
additional reason to capture the
macroeconomic indicators that describe
the health of the financial system. The
importance of early warning systems lies in
anticipating, in a timely manner, the
probability of banking crises.

The main objective is to analyze the
indicators’ ability to predict a possible
banking crisis, with a major impact on
sovereign risk, using logistic regression as
a working tool.

The research aims at analyzing some
secondary objectives to help meet the main
one. Thus, one of the objectives is to
capture the most representative indicators
that describe the state of the economy. In
this sense, the European Commission
supports monetary policy makers, but also
researchers in ensuring a common
database for the harmonization of
techniques and results, so that Member
States act in a timely manner in the event of
banking crisis and prevent, further, a global
crisis spread.

Another objective refers to ensuring a
common language and a common period
for past crises, using a dummy variable to
describe the crisis (marked with 1) or for
its absence (marked with 0).

Establishing the strong connection
between a banking crisis onset and
government risk is another goal to be
achieved, as well as finding solutions to
minimize it, due to the multiple
implications on the entire economy,
especially the real one.

The last stage of the research aims at
making predictions with the help of AUROC
in order to anticipate a possible false alarm
of a banking crisis onset or to omit a crisis
due to the lack of signal.

The limits of the research consist in the
lack of data for some EU countries, for
certain periods of time (even annual), but
also their frequency, respectively the
quarterly one, which would capture a much

more detailed description of the
appearance of the signals.

The research continues with the
presentation of several aspects of the
literature, followed by the presentation of a
methodology and results and ends by
concluding the main ideas.

Literature Review

The financial imbalances, captured by the
connection between the banking and the
public sector, determined the appearance
of studies in the specialized literature
regarding the diminution of the banking
stress, but also of the sovereign risk.

The connection between sovereign risk and
the probability of banking instability can be
attributed to three channels: the large
share of government securities in banks'
balance sheets; the government seen as a
financier of last resort for bank resolution
funds and the significant impact on the real
economy. Banks are an intermediary
between those who save and those who
want to invest, being a fundamental
component of monetary policy (Peek,
2014). Non-performing loans accentuate
financial instability and, implicitly, banking
crises, which have a major impact on real
economic activity, with negative effects on
fiscal policy (Kroszner, 2007).

The issue of indicators that describe the
health of the financial system and implicitly
its vulnerabilities, seen as early warning
systems, has been debated over time in the
literature (Reinhart and Rogoff, 2008).
However, the peculiarity that they capture
the close connection with the implications
on the sovereign risk is reproduced,
especially in working papers, and less in
specialized articles. On the one hand, this
would be a positive aspect, as the present
research brings an extra novelty and
originality, contributing to the enrichment
of the specialized literature, and on the
other hand, due to the lack of empirical
results, we cannot make comparisons with
other papers.

However, the literature provides us with
some examples of studies that refer to
these topics. For example, Langedijk et. al
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(2018) examine the liquidity measures
implications on the sovereign bonds
market, with reference to EU member
states, concluding that the use of liquidity
proxies can lead to significant errors.

Moreover, Wijayanti et al (2020), using a
panel of 43 developed countries, during the
years 1960-2017, use two methods: the
noise to signal ratio, for capturing the
indicators signaling power, and binomial
logistic regression, in order to build a
general model. The authors concluded that
the binomial logistic regression indicates
better predictive power than the other
method used, the noise to signal ratio.

In relation to these challenges, the
literature indicates a number of possible
answers, especially in the area of

prudential regulations. They aim to
adequately reflect sovereign risk in terms
of banking rules, either by reviewing the

risk weights associated with exposures to
general government or by broadening the
scope of high exposure limitation
requirements. In this context, dosage and
cadence are essential to avoid inducing
undesirable procyclicality (IMF, 2019)
associated  with increased capital
requirements in periods of vulnerability of
public finances, which would further
aggravate  macroeconomic  instability
(Véron, 2017).

Research Design and Methodology

The methodological framework involves a
logistic regression on a panel data of
European Union countries in order to
determine the banking crises probability
and to capture its impact on sovereign risk.
The description of the indicators is
summarized in Table 1.

Table 1: Indicators’ description

Indicator

Unit Symbol

Net international investment position

% of GDP ni

Real effective exchange rate (42 trading partners, HICP deflator) | 3 year % change | re

Export market share (% of world exports)

5 year % change | em

Nominal unit labour cost index (2010=100)

3 year % change | Ic

House price index (2015=100), deflated

1 year % change | hp

Private sector debt, consolidated

% GDP dc

General government gross debt

% GDP gd

Source: European Commission: https:,

ec.europa.eu/info/business-

coordination/eu-economic-governance-monitoring-prevention-correction/macroeconomic-imbalance-

procedure/scoreboard en

As exogenous variables were taken into
account,the indicators of the European
Commission's scoreboard on
macroeconomic imbalances.'The analysis
covers a period of 15 years (2005-2019),
with an annual frequency, and the sample
consists of 28 European countries: Austria,

! European Commission:
https://ec.europa.eu/info/business-economy-
euro/economic-and-fiscal-policy-coordination/eu-
economic-governance-monitoring-prevention-
correction/macroeconomic-imbalance-

procedure/scoreboard en

Belgium, Bulgaria, Czech Republic, Cyprus,
Croatia, Denmark, Estonia, Finland, France,
Germany, Greece, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta,
Netherlands, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Hungary,
United Kingdom.

Regarding the data limits, there is a lack of
a lower frequency, respectively quarterly,
which would have been better suited to
describe the indicators’ ability to emit
signals in Eurozone countries. Also, not
enough data were found for all EU

Adina-Ionela STRACHINARU, Journal of Financial Studies & Research,

DOI: 10.5171/2022.441237



Journal of Financial Studies & Research

countries, and the annual time period was
reduced accordingly.

Logistic regression was used as an analysis
tool because it captures the impact of
indicators’ impact on a crisis likelihood,
usually a value between 0 and 1, with a
continuity in terms of sovereign risk
implications.

Therefore, given that the analyzed macro-
financial phenomenon has a binary form,
the methodological framework involves the

use of logistic regression, and the
conceptual model has the following
specification:

InGE) = by +b,X,, +b, X5, +.+ b X, +e

where: t = 1, 2, .. t observations from
sample; X: = independent variables; bo =
the constant (free term of the equation);
by,..bx = coefficients of independent
variables; & = residual value.

Taking into account the common database,
provided by the European Commission, the
model captures the connection between a

bank crisis likelihood with an impact on
sovereign risk.

For a better empirical performance, we
eliminated the statistically insignificant
indicators, whose probability exceeds the
confidence interval, or whose standard
error is too high, also using the correlation
matrix, for coefficients less than or equal to
0.5 (Table 2).

Table 2: Correlation matrix

NI RE EM LC HP DC GD

NI 1 0.1877 | -0.3714 | 0.2433 | 0.1303 | -0.2445 | 0.0809
RE | 0.1877 1 0.3572 | 0.4824 | 0.1175 | -0.2180 | -0.2395
EM | -0.3714 | 0.3572 1 0.3753 | -0.0452 | -0.2150 | -0.5450
LC | 0.2433 | 0.4824 | 0.3753 1 -0.0931 | -0.5002 | -0.5006
HP | 0.1303 | 0.1175 | -0.0452 | -0.0931 1 -0.0087 | -0.0287
DC | -0.2445 | -0.2180 | -0.2150 | -0.5002 | -0.0087 1 0.3418
GD | 0.0809 | -0.2395 | -0.5450 | -0.5006 | -0.0287 | 0.3418 1

Source: Author’s own estimates, using EViews

The model estimation is captured for a
significance level of 1%, 5%, respectively
10%.

Results And Discussion

The model results show the sign of the
regression model coefficients, which
contribute to the identification of the
banking sector vulnerabilities. The model
estimate is given in Table 3.

Adina-Ionela STRACHINARU, Journal of Financial Studies & Research,

DOI: 10.5171/2022.441237



Journal of Financial Studies & Research

Table 3: Logit regression estimate

Variable Coefficient Std.Error =z Pr(>|z|)
Intercept 6.3324 14678 4314  1.6e-05***
Lagged ni 1.2218 0.5809 2.103  0.03543 *
Laggedre -10.8191 4.8632 -2.225 0.02610*
Lagged em 3.8925 1.7631 2.208 0.02726 *
Laggedlc -12.7192 45118 -2.819 0.00482**
Laggedhp 15.3399 5.1775 2.963 0.00305 **
Lagged dc -1.7384  0.5969  -2.913 0.00359 **
Lagged gd -2.2838 1.0289  -2.220 0.02644*
Note: *** ** gnd * correlspolnd to the significance level of 1%, 5%, respectively 10%
Source: Author’s own estimates, using R Studio

The imbalances, highlighted by the net
investment position (ni) and the export
market share (% of world exports) (em),
have a positive influence on the probability
of early warning signals issuing.

On the other hand, domestic imbalances,
expressed by house prices (hp),
government debt (gd) and private debt (dc)
also fuel the likelihood of banking crises.

Regarding the macroeconomic
environment, both the labor cost (Ic) and
the real exchange rate (re) have a negative

effect on the probability of banking stress,
having an inverse influence on the
endogenous variable.

The robustness of the results is underlined
by the multivariate regression, which
indicates the same signs of the indicators’
coefficients included in the model, as in the
logit model case, after the elimination of
the insignificant ones. The relevance of the
indicators is also wunderlined by the
probabilities associated with the model
coefficients, at a significance threshold of
1%, 5% and, respectively, 10% (Table 4):

Table 4: Multivariate regression

Variable Coefficient | Std. Error | t-Statistic | Prob.

C 0.356133 | 0.149788 | -2.377580 | 0.0190

NI 0.190116 | 0.077639 | -2.448728 | 0.0158

RE -1.406809 | 0.715894 | 1.965108 | 0.0517

EM 0.435604 | 0.196953 | -2.211713 | 0.0289

LC -1.444045 | 0.522333 | 2.764605 | 0.0066

HP 2.041991 | 0.609221 | -3.351808 | 0.0011

DC -0.206880 | 0.063668 | 3.249369 | 0.0015

GD -0.331785 | 0.145458 | 2.280973 | 0.0243
R-squared 0.305221
Adjusted R-squared 0.264352
Prob(F-statistic) 0.000000

Source: Author’s own estimates, using EViews
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The logit regression model efficiency is
represented by the AUC, Brier Score, GIN],

respectively, KS indicators, which indicate
a strong power of discrimination (Table 5).

Table 5: Indicators with discrimination power

GINI coefficient 0.8235
KS test value 0.6809
AUC value 0.9102
Brier Score 2.009335e-29
Observations 127

Source: Author’s own estimates, using R Studio

The relevance of the sovereign risk
premium, expressed by the CDS 5Y rating,

is shown by the positive impact it has on
the banking crisis probability (Table 6).

Table 6: The CDS's impact on probability of default (PD)

Variable Estimate Std.Errortvalue Pr(>|t|)

Intercept -0.2315 0.2810 -0.824 0.414609

pd 1.7673 0.4572 3.866 0.000369 ***

Signif. codes: 0 “*** 0.001 **' 0.01 ' 0.05°" 0.1’ 1

Source: Author’s own estimates, using R Studio

The predictive power of early warning
indicators can be reproduced based on the
probability that an indicator can emit
signals regarding the occurrence of crisis

events, but without emitting too many false
alarms.

The confusion matrix classifies four results
into one signaling framework (Table 7).

Table 7: Confusion Matrix

Actual

Crisis/Pre-crisis period (1) | No Crisis/Tranquil period (0)

True positive rate (TPR)

False positive rate (FPR)

Signal (1) (False alarm -

=

}’5 (Correct call) Type Il error rate)

3 1 (FNR)

= False negative rate (FNR .

&1 No signal (0) (Missed crisis - True negative rate (TNR)

Type I error rate)

(Correct silence)

Source: Holopainen and Sarlin (2017)

After a signal is emitted, ie exceeds a
certain threshold, it is correctly classified
(True positive rate-TPR); otherwise, it
turns out to be a false alarm (False positive
rate - FPR), called and type 2 error. On the

other hand, a signal that is not emitted
(indicator that does not exceed the
threshold), is correct, when a crisis is in the
last quadrant, respectively True negative
rate - TNR) (Correct silence), and is
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incorrect when a crisis occurs (Type I error
rate). The performance of the logit model is

underlined by the indicators in the table
below (Table 8):

Table 8: Logit model performance

TP 23

FP 7

FN 11

TN 86
TP rate 0.676471
FP rate 0.075269
FN rate 0.323529
TN rate 0.924731

Correct classification rate | 0.858268

Misclassification rate 0.141732

Accuracy rate 0.897638
Cutoff rate 0.598921
Observations 127

Source: Author’s own estimates, using R Studio

The robustness of the model is given by the
Correct classification rate, which registers a
value of 85.82% and an accuracy rate of
89.76%.

The indicators used have the capacity to
emit signals in a period of crisis in
proportion of 67.64%, with a rate of
missing crises of 32, 35% (Type I error
rate) and issuing false alarms of 7,52%
(Type Il error rate).

ROC Curve
] &
— | =
[4 8]
© |
= w
E . o
% < | B
n ° AUC
o
N 09102 - o
g | - o

| | |
0.0 0.2 04

| | |
06 0.8 1.0

1-Specificity

Figure 1: ROC curve

Source: Author’s own estimates, using R Studio
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The superiority of a model logit is
underlined by the Area Under the Receiver
Operating Characteristic (AUROC) (Figure
1). A value higher than 0.5, as the one
registered in the case of the model (AUC =
0.9102), indicates that the indicators used
have the capacity to emit signals, which can
be considered warning factors for banking
crises.

Conclusions and future research
directions

The importance of early warning systems
lies in the ability to anticipate, in a timely
manner, the banking crises onset, by
issuing signals. These represent a tool for
predicting banking crises, used over the
years by policy makers, but which are also
found in research in academia. Their
relevance is also underlined by the values
registered, by reference to significant
thresholds, whose values are given either
by the historical values and the context of
the economy or offered by the national
monetary authorities.

The implications of the warning indicators
over time and, implicitly, of the banking
crisis  occurrence likelihood on the
sovereign risk are multiple. Thus, the
connection between banking instability
and sovereign debt risk is underlined by
the high share of government bonds in the
bank balance sheet, on the one hand, and
the quality of last-rate borrower for the
banking system, on the other hand, makes
the connection between the two be
pronounced.

Therefore, the state of finances depends on
banking stability and, implicitly, banking
crises can have a devastating effect on the
sovereign, a fact confirmed by the results of
this research.

So, the estimated results aim at obtaining a
model for quantifying the probability of
banking crises, which integrates
information on the public finances’
situation and its consequences in terms of
external balance.

Financial instability is also reflected in the
CDS quotation, proving that there is a
relationship in the same direction between
these two indicators. Thus, the implications
in both directions of the banking crises
probability reveal that banking stress
generates a high cost of the sovereign risk
premium, but also the sovereign risk can
contribute to triggering imbalances, at the
macroeconomic level and even banking
crises.

Studies in the literature (Wijayanti, 2020)
strengthen this assumption, showing that
indicators such as government debt
growth, external debt to exports, external
debt to foreign exchange reserves, can
generate debt crisis. On the other hand, a
decrease in gross domestic product GDP)
and government consumption can lead to
an increase in the probability of
government debt crisis.

Consequently, the solution to this problem
would be to reduce the strong link between
the banking sector and the sovereign
(Weidmann, 2013) by decreasing the share
of bonds, with major effects on the real
economy.

As future research directions, the paper
aims at capturing the link between
sovereign risk and banking instability,
highlighting the effect on the real economy.
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