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Abstract: The purpose of this paper is to determine potential indica-
tors of systemic banking crises in five Southeast European countries.
Although signal horizon in the literature usually implies a period
of 12 months before and 12 months after a crisis outbreak, models
in this paper imply a 24-month pre-crisis period. Probability of a
banking crisis occurrence is calculated using logit regression. Re-
sults have shown that banking system indicators have higher impact
on probability of systemic banking crisis occurrence compared to
macroeconomic indicators, and that the banking systems of these
countries are significantly exposed to global trends.
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1. Introduction

It has been proved throughout the history that banking
crises usually have much more severe consequences on the

! The most part of this research has been prepared during the author’s
two months stay at Vienna University of Economics and Business
in 2015 with a scholarship awarded by the Scholarship Foundation
of the Republic of Austria for post docs. The views expressed in this
paper are those of the author and do not necessarily represent the
position of the Central Bank of Montenegro.
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economy than crises emerging from other financial or non-financial institutions.
This is due to a very specific role that the banking system has in an economy. While
a liquidity crisis might be resolved within a few weeks, a systemic banking crisis
might take years to be resolved. Taking into account very high costs of resolving
systemic banking crises and their significant negative effects on the economy and,
consequently, on the standard of living, a lot of attention ought to be dedicated to
research on how and why crises happen in order to try to prevent their occurrence.

Stability of the banking sector is an issue to which economic policy holders de-
vote a significant attention due to large expenses of resolving systemic banking
crises and their frequent recurrence over the past three decades. Banking systems
in developing economies have been under the influence of three important trends
during previous few decades: privatization, consolidation and a growing entrance
of foreign banks. Many developing countries have experienced systemic banking
crises or have gone through severe problems within banking system during the
transition process (for more details about banking crises in transition economies
see: Tang, Zoli & Klytchnikova, 2000). Key factors that contributed to crises oc-
currence in these countries were large amounts of inherited debts from previous
socialistic regimes, as well as insufficient knowledge of enterprises and banks on
market economy functioning (Tang, Zoli & Klytchnikova, 2000). According to
Cull & Martinez Peria (2007), from the middle of 1990s, 77 systemic banking
crises occurred. However, this number increased significantly afterwards due to
the global economic crisis which showed that even the most developed countries
are not spared from crises.

Given that the economic systems in developed countries are based on different
institutional assumptions in comparison to developing countries, characteristics
of the banking systems in developed countries differ from those in developing
countries. Banks have a dominant role in the financial systems of developing
countries; primarily in financing the private sector because the latter does not
have enough accumulated own funds. Also, one of the main characteristics of
their banking systems is a relatively simple structure compared to developed
countries. Systemic banking crises result in cease of economic growth since fi-
nancial intermediation is decreased which might lead to recession. In some cases,
crisis of trust might have long-lasting consequences on the financial sector and,
consequently, on the whole economy.

There is an extensive empirical literature on early warning systems for currency
and banking crises. In general, there are two approaches for creating early warn-
ing systems that are most commonly used. The first one is a signal approach de-
veloped by Kaminsky & Reinhart (1996), and Kaminsky, Lizondo & Reinhart
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(1998), also known as KLR method. This approach compares behaviour of eco-
nomic indicators for the period before and during the crisis. The second approach
is based on the discrete dependent variable models, and it implies calculating
the probability of banking crisis occurrence by estimating usually probit or logit
model (Demirgii¢-Kunt & Detragiache, 1998; Eichengreen & Rose, 1998). How-
ever, Davis & Karim (2008) emphasize that the discrete dependent variable mod-
els (e.g. logit) are more adequate for creating early warning systems for group of
countries while signal approach is more suitable for an individual country. The
combination of these approaches is also possible, usually in a way that the first
signal approach is applied and then the chosen indicators are estimated using
logit or probit model>.The main idea of early warning models is that if factors
triggering a crisis can be identified, then the occurrence of crises can be pre-
dicted. The aim of this paper is to analyse the determinants of banking crises in
five Southeast European (SEE) countries. Namely, the selection of adequate indi-
cators is the basis for creating early warning model for systemic banking crises.
Therefore, this research represents an initial step in creating early warning model
for systemic banking crises for these countries. This region is recognized as the
least developed part of the Europe, and sound and stable banking system is one
of the main prerequisites for economic growth and development.

The sample in this paper covers five countries: Montenegro, Serbia, FYR Mac-
edonia, Bosnia and Herzegovina, and Croatia. Financial systems of these coun-
tries are mainly bank-dominated and largely foreign-owned by banks from the
euro area. The paper focuses on identifying early warning indicators for systemic
banking crises for these SEE countries since there is no similar research to the au-
thor’s knowledge. However, it should be noted that there are papers on financial
stability indicators and early warning systems for financial crises related to some
of these countries individually (for Croatia see Dumici¢, 2016; and Ahec §0nje,
1999 and 2002; and for Montenegro see Asanovi¢, 2017) as well as the paper re-
lated to three countries (i.e. Macedonia, Croatia, and Turkey, see Bucevska, 2011).

The novelty of this study compared to some other works might be found pri-
marily in some modifications with regard to the methodology compared to the
approach usually used in literature. The main change relates to determination
of the signal horizon which is usually set 12 months before and 12 months after
the beginning of the crisis. However, since the objective of this paper is to deter-

2 However, there are other possibilities regarding combination of these two approaches. For ex-
ample, signal approach might be used in order to create a composite index based on the indica-
tors with the best performances, and afterwards logit regression where this index is the only
independent variable is applied (See: Asanovi¢, 2017).
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mine indicators that send signals among the first ones, the signal horizon is set
24 months prior to a systemic banking crisis. In addition, the beginning of the
crisis is determined using different indicators in comparison with similar stud-
ies where NPL represents the indicator that is usually used. Due to changes in
methodology, the results obtained in the paper are to some extent different in
comparison to other similar studies.

The remainder of the paper is structured as follows. The second section presents
stylized facts on the banking systems in these SEE countries, with the emphasis
on credit expansion that happened prior to the crisis. The third section describes
the methodology and availability of data, while logit regression as well as six sim-
ple logit regressions is estimated in the fourth section. The fifth section includes
interpretation of results and discussion. Concluding remarks are presented in the
seventh section.

2. Stylized facts on the banking systems in SEE countries

Western European banks for a short period experienced an expansion in the
markets of Central and Southeast Europe. The largest number of banks in the
countries of this part of Europe has a headquarters in Western Europe, reflecting
the geographically close proximity, thus deepening economic integration, cul-
tural closeness and existing or potential shared membership within EU (IMF,
2013, pp. 8). Western European banking groups have faced mainly saturated do-
mestic markets, and also had access to increased liquidity at the global level. It
seemed that the market in this part of Europe offers attractive conditions, in-
cluding membership in the EU, institutions that are rapidly improving, income
convergence, and initially a small banking sector. Therefore, rapid expansion was
enabled within those countries.

Today, European banks have a significant presence in the banking systems of
SEE countries. In addition, there is a high level of euroisation in these countries.
The financial systems of SEE countries are significantly influenced by European
banks, mainly from Austria, France, Italy, Greece and Slovenia. Increased finan-
cial globalization has helped in creating a more developed financial system and
had other positive effects, such as reducing the cost of borrowing, higher quality
financial services that have become widely available, risk diversification, techno-
logical and institutional spillover. But the region has thus become more vulner-
able to external shocks.
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Although there are different views on the effects of the banking sector ownership
structure on its stability, it is usually considered that the impact of foreign banks
in developing countries reflects in: competition, efficiency, stability and increased
access to credit for domestic borrowers. The presence of foreign banks suggests
that host countries can become more exposed to external shocks, particularly
those that affect the home countries of the foreign banks, which is evident in
terms of the global economic crisis. Empirically, there is some evidence that the
entry of foreign banks makes the banking system of the host country less vulner-
able to domestic shocks, but also more vulnerable to external shocks. The study
by Demirgii¢-Kunt, Levine & Min (1998) based on the paper Demirgiig-Kunt &
Detragiache (1998), shows that the presence of foreign banks reduces the likeli-
hood of a banking crisis in a domestic country.

However, summarizing the results of the research Claessens & Van Horen (2012)
came to the conclusion that during the global economic crisis, foreign banks on
average decreased lending activity more than domestic banks. In this way, foreign
banks have likely contributed to financial instability although there are signifi-
cant discrepancies documented by these authors. Still, when foreign banks are
dominant in the banking system, it turns out that they are a more stable source of
loans than domestic banks. Also, according to their findings, it is less likely that
foreign banks will reduce lending since they have generated a significant portion
of the funds from local deposits. Some foreign banks in late 2011 have begun to
sell a number of their subsidiaries abroad due to lack of capital (Claessens & Van
Horen, 2012; p. 19). In general, efficiency was improved as foreign owned banks
utilized risk management techniques. Accordingly, the compliance with interna-
tional standards with regard to regu-
lation and supervision of the banking  Graph 1: Credit growth y-o-y
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High level of non-performing loans (NPLs) is one of the key consequences of
the crisis and represents one of the main challenges for monetary authorities in
SEE countries in order to prevent stability and reliability of the banking system.
Banks are mainly focused on managing NPLs and not on lending activity since
they perceive credit risk as relatively high. The removal of NPLs to factoring com-
panies has been helpful in reducing the NPL level within the banking sector,

Graph 2: Non-performing loans/total loans
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but it does nothing to solve the under-
lying problem of borrowers’ financial
distress. The CESEE Bank Lending
Survey prepared by the EIB finds that,
while numerous factors affect credit
growth, NPLs are the most important
factor.” Regulatory changes are also
considered as an important constraint.
If a bank has an adequate provisioning
policy, it is possible to manage NPLs
separately, leaving enough room for
disbursing new loans. In general, too
much empbhasis is put on credit growth
as a way of problem solving although
there is no clear evidence that intensi-
fied credit activity will lead to stronger
economic growth. It is important to
find a long-term viable growth model
based on improved allocation of capi-
tal and underlying corporate profit-
ability which will simultaneously im-
prove debt sustainability.

According to Estrin and Uvali¢ (2013),
banking, telecommunications, real es-
tate and retail trade have been among
the most favoured sectors by foreign in-
vestors in the region. Estrin and Uvali¢
(2013) explore the determinants of for-
eign direct investment into eight tran-
sition economies in Southeast Europe:

* The CESEE Bank Lending Survey is conducted twice a year, covering over 100 groups, both
domestic and international. It includes a number of questions aimed at assessing demand and
supply factors that may be driving credit growth.
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the six Western Balkan countries - Albania, Bosnia and Herzegovina, Croatia,
Macedonia, Montenegro and Serbia, as well as Bulgaria and Romania, in compari-
son with the other transition economies. They emphasize that since the most SEE
countries have attracted a large part of FDI primarily in non-tradable services, FDI
have not contributed much to promoting exports or to industrial diversification
and upgrading. Additionally, their empirical work indicates that political risk still
seems to have a negative effect on FDI, but also that there is a positive correlation
between the announcement of EU membership and FDI. The share of FDI in GDP
was significantly higher in Montenegro compared to countries in the region, par-
ticularly in 2009. Namely, this ratio reached around 38% in Montenegro during
2009, while it was much lower in the other sample countries, i.e. less than 7%.

Graph 4 shows how real GDP growth  Graph 4: Real GDP growth
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tal when funds have to be paid in advance in order to maintain the production.
Accordingly, often lending activity is fluctuating in front of the business cycles.
Therefore, deviation that might exist between loans and GDP is not unusual.
Also, credit growth may be above GDP growth during the longer period due to
financial deepening which reflects increasing importance of the financial inter-
mediation. A developed financial system might contribute to economic growth
while lending boom represents the episode of exaggerated credit expansion that
is unsustainable and which eventually leads to its own breakdown.

Sachs, Tornell & Velasco (1996) are among the first ones that popularized the
measure of credit growth to GDP during the previous 5 or 10 years (Frankel &
Saravelos, 2010; p. 14). They consider it a good indicator of increased vulnerability
of the banking system since accelerated credit expansion probably happened due
to a decrease in lending standards implemented by banks. Therefore, during the
good times banks are lowering the criteria with regards to determining creditwor-
thiness of borrowers in order to lend as much as possible and to increase market
share.* However, soon after the time of exaggerated liquidity passes, when the cri-
sis occurs and economic activity slows down, all omissions made during the ex-
pansion surface primarily in the form of increased level of NPLs. When loans are
growing faster than GDP, debt for the overall economy is increasing faster than
funds for the repayment of the debt. This might be a sign that the banking sector
is becoming more vulnerable. When volume of loans is increasing significantly
faster than GDP, then the debt falls on the household and corporate sectors.

Schularick & Taylor (2010) emphasize that at the beginning of 1980s there was
an increase of authors who shared the opinion that mechanisms and the quantity
of loans have higher impact compared to the level of money.® Therefore, banks'
balance sheet, assets and leverage may have macroeconomic implications. One of
possible consequences is the reinforcement of the monetary transmission mecha-
nism which represents the effect of financial accelerator. The other consequence
might be financial sensitivity due to collateral limitations, when decreasing value
of assets influences on lending activity, and decreasing productivity leads to fur-
ther decrease of the assets value (Bernanke, Gertler & Gilchrist, 1999). Schular-
ick & Taylor (2010) concluded that financial system is not only amplifier of the

The most alarming circumstance is when both borrowers and lenders are under the influence of
excessive optimism, so neither of them do not make the selection of loan applications with due
attention (Hardy and Tieman, 2008; pp. 5).

According to Schularick & Taylor (2010), among the first ones are the papers of the following
authors: Mishkin (1978), Bernanke (1983), Gertler (1988), Eckstein & Sinai (1986), Kaufman
(1986), relying on the ideas presented by Fisher (1933) and Gurley & Shaw (1955).
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economic shocks in terms of financial accelerator, yet financial system is fully
capable to create shocks itself®. They state that their conclusions confirm the ideas
represented by Minsky (1977) and Kindleberger (1978) that financial system is
prone to generating economic instability through endogenous credit booms.

Credit boom might happen due to different factors. Sometimes it may be caused
by financial deregulation which increases banks’ access to new credit markets.
These reforms are usually followed by a decrease of provisioning in banks as well
as by poorly regulated liberalization of capital account, which provides extensive
liquidity that leads to credit boom (Cottarelli, Dell’Ariccia & Vladkova-Hollar,
2003)". Also, credit boom might happen due to large capital inflow caused by ex-
ternal factors (for example, low interest rates in developed economies) or during
the periods of significant reduction of inflation (Gourinchas, Valdés & Lander-
retche, 2001).

Kindleberger & Aliber (2006) emphasize that the most of money expansions and
loans do not lead to mania, and that there are much more economic expansions
than manias, but that every mania is related to credit expansion. Laeven & Va-
lencia (2012) determined that within sample of 129 systemic banking crises that
happened during the period from 1970 to 2011, and for which data on loans are
known, credit boom preceded 45 crises®.

A relatively simple structure of financial system is a common feature of the coun-
tries from the sample in this paper. Development of the banking sector in these
countries during the pre-crisis period was characterized with relatively high
credit growth rates. Economic slowdown and sudden stop of lending activity
supported by the global economic crisis has led to much more deepening of the
crisis in these countries at the time. During the expansion period, we should turn
to saving to protect the economy from overheating and price bubble bursting,
and that is exactly what was missing on the eve of the global financial crisis and
what could have prevented or mitigated its impact (Fabris & Gali¢, 2015).

¢ However, some authors emphasize that high credit growth is not an independent source of
shocks (Borio 2008, Hume & Sentance 2009), i.e. that “credit chanel represents a mechanism of
the increase i.e. that is not really independent or parallel chanel® (Bernanke & Gertler, 1995).
See: Schularick & Taylor (2010).

7 Ibidem.

8 Authors identified 147 banking crises in total, out of which 13 are “at the border®, as well as 218
currency and 66 debt crises during the given period. For more details see: Laeven & Valencia,
2012.
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Accordingly, it might be expected that the results of the research conducted in
this paper will suggest that the credit boom and overheating of an economy play
an important role as the indicators of systemic banking crises in SEE countries.
Having in mind that countries from the sample are small and open economies
with banking systems that are mainly foreign owned, it is expected that events
on international markets have a significant impact on their banking systems, and
therefore on the probability of the systemic banking crisis occurrence. This indi-
cates that the global economic crisis has sharpened the imbalances in the domes-
tic economies and consequently in the banking sectors of these countries.

3. Methodology and availability of data

Since systemic banking crises are harder to define than currency crisis, rules for
determining date of the beginning of banking crisis are more varying compar-
ing to currency crises (for more details see: Zhuang, 2005; p. 41-44). These rules
might be classified into two categories:

1. indicators-based rules, and
2. event-based rules.

Indicators-based rules assume the use of numeric indicators like non-performing
loans, costs of the banks bailout, losses of capital etc. However, there is no con-
sensus in the literature about the critical values of those indicators in order to
determine the start of the crisis. For example, Sheng (1996) uses 15% of nonper-
forming loans as a threshold, while Demirgii¢-Kunt & Detragiache (1998) use
10% of nonperforming loans or cost of bailout at minimum of 2% BDP (Zhuang,
2005). The advantage of this method is that it enables monitoring and interpreta-
tion of trends in the banking system. Event-based rules include identification of
the most important events related to individual banks or entire banking system,
including bank runs, closures, mergers and acquisitions of the biggest financial
institutions; or interventions of public sector in banking system.

According to Reinhart, Goldstein and Kaminsky (2000), most of the indicators
which could be used in order to determine time when the crisis started are usu-
ally not available on monthly level but only on quarterly or even yearly level. Be-
sides, some indicators (i.e. non-performing loans) often might be less reliable due
to desire of banks to hide problems as longer as possible. Data relating to these
indicators might be biased due to reporting problems or country specific regula-
tions. Because of all these disadvantages the second method is more often used.
The advantage of the second method is availability of the data i.e. information
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about relevant events, although it also has some shortages. Namely, if event-based
rules are used, date of the beginning of crisis might be determined too late since
financial problems usually start much earlier before e.g. a bank failed or before
it is acquired. Also, date of the beginning of crisis might be determined too early
because culmination of banking crisis comes much later (Reinhart, Goldstein &
Kaminsky, 2000).

Although there is no unique methodology towards determining the starting date
of systemic banking crisis, the criterion commonly used is a share of non-per-
forming loans in total loans at the level of a banking system. The threshold of
10% share of non-performing loans that is proposed by Demirgii¢-Kunt & Detra-
giache (1998) is usually used in literature.

However, the use of this ratio in the sample countries would lead to determin-
ing the crisis commencement much later than it actually was. Accordingly, that
would affect the choice of an adequate signal horizon in this study. A share of
nonperforming loans reaches 10% few quarters after the signs of crisis have al-
ready became obvious in all countries from the sample, except in Serbia where
this ratio reached 10.18% in the third quarter of 2008. To wit, in Montenegro,
the share of NPLs reached 10% in 2009, while in Bosnia and Herzegovina and
in Croatia this indicator reached 10% in 2010. Finally, in Macedonia this indi-
cator reached 10% in 2012. That is the reason why the author considered this
criterion, although commonly used, as not being adequate for this research. Ad-
ditionally, the definition of NPLs differs among these countries. Hence, although
the author considered the use of indicators-based rules, the preference is given
to event-based rules, i.e. not only numeric indicators but measures undertaken
by monetary authorities are also taken into account. It might be concluded that
the combination of these two approaches is implemented. Therefore, the begin-
ning of the systemic banking crisis is the fourth quarter of 2008 for all countries
except Croatia where the signs of crisis were obvious a quarter earlier. The ra-
tionale for determining the start of crisis in countries from the sample is briefly
discussed below.

According to the threshold of a 10% share of nonperforming loans in total loans,
the beginning of the systemic banking crisis in Montenegro should be the second
quarter 2009 when this indicator reached 10.03%. However, the author has deter-
mined the fourth quarter 2008 as the starting quarter of the crisis, when signs of
the crisis had already been shown in the form of bank runs. Namely, in the fourth
quarter 2008, deposits decreased by -14.42% in comparison with the previous
quarter. Further deposit withdrawal was prevented by measures undertaken by
the Central Bank of Montenegro.
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The macroeconomic indicators in Serbia significantly deteriorated in the fourth
quarter of 2008 due to the intensifying of the global crisis spillover to domestic
economy. At the same time, the banking sector faced problems with liquidity and
assets quality. A bank run in October 2008 was stopped at the end of 2008 owing
to the set of measures undertaken by the National Bank of Serbia. Credit activity
slowed down significantly in the fourth quarter of 2008.

Lending activity in Macedonia started decreasing in mid-2008. The National
Bank of Macedonia undertook several measures in order to maintain financial
stability during 2008. Although Macedonian banks had enough liquid funds at
their disposal during 2008, there was a pressure on banks' liquidity in the fourth
quarter of 2008 due to heightened uncertainty among economic agents that came
from global economic trends and more severe macroeconomic risks within the
country. The increase in a share of foreign currency deposits imposed the neces-
sity of maintaining stable exchange rate. Although the level of nonperforming
loans became the main problem in the banking systems of these countries few
quarters after the crisis emerged, that was not the case with Macedonia to such
an extent. During the crisis period, a combination of standard and non-standard
measures were undertaken by the monetary authorities in order to give addition-
al support to credit activity improvement and, accordingly, to economic growth
while preserving price and financial stability.

The Central Bank of Bosnia and Herzegovina (CBBH) undertook a series of
measures during the fourth quarter of 2008 in order to maintain a stable and liq-
uid banking system. These measures included a transfer of 200 million cash from
abroad to domestic banks because there was higher demand for euros. Addition-
ally, the CBBH reduced reserve requirements rate from 18% to 14% in October
2008, and afterwards decided that all new credit lines which banks withdraw
from abroad would not be subject to reserve requirement calculation from 1 No-
vember 2008. Finally, the CBBH introduced differentiated reserve requirement
rates in order to provide additional liquid funds for banks. Therefore, the author
determined the fourth quarter of 2008 as the starting quarter of the crisis.

Real activity in Croatia started slowing down from mid-2008, and in the begin-
ning of 2009 a significant recession took place (Bokan et al, 2009). Croatian ex-
ports started to decline in mid-2008 and imports also contracted. As Bokan et
al (2009) emphasized, since mid-2008, credits to households virtually stopped
while the lending to the private sector has slowed down further. Also, banks bor-
rowed from their owners to obtain needed funds, especially during the deposit
withdrawal in the last quarter of 2008. The Croatian National Bank abolished the
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marginal reserve requirements instrument in order to encourage foreign borrow-
ing by banks as a way of providing necessary liquidity funds.

According to the literature signal horizon usually implies period of 12 months
before and 12 months after the beginning of the crisis. Systemic banking crisis
often reaches a peak few years after it starts since the duration of banking crisis
most often is around 5 years (for more details see: Goldstein, 2005; p. 28, in:
Asian Development Bank, 2005). Hence, there is a certain usefulness of getting
the signal even after beginning of the crisis. The author has made some modifica-
tions related to determination of the signal horizon compared to the approach
usually used in literature. Since the objective of this paper is to determine indica-
tors that send signals among the first ones, the signal horizon is set 24 months
prior to a systemic banking crisis. Although there is a certain benefit to get the
signal 12 months after the beginning of the crisis, there is a significant advantage
of determining the signal horizon only before the start of the crisis, not partially
before and/or partially after the crisis outbreak. To wit, from the perspective of
economic policyholders, it is desirable to get signals as earlier as possible in order
to take timely corrective measures.

Potential indicators are selected mostly on the basis of the economic reasoning
that takes into account theoretical assumptions and indicators already used in
previous researches. Also, the choice of indicators depends largely on the avail-
ability of data. Besides the indicators related to countries from the sample, some
additional indicators regarding the international environment are also taken into
account.

As it is well known, a considerable number of variables regarding real economy
and fiscal policy are available mostly on yearly basis. That is the reason why au-
thor decided not to take them into account, although some of them theoretically
might be considered as early warning indicators for systemic banking crises.
Similarly, data related to GDP and economic growth rate are not available on
quarterly basis for long enough time period for some countries from the sam-
ple. Since these indicators are of great importance, the author obtained quarterly
values using the method of linear interpolation. However, if there is an intention
to use early warning models for systemic banking crises in practice, then these
models should be adjusted to the essential nature of predicting. This means that
the crisis signal should be received as earlier as possible and that certainly does
not mean to have many variables in the model that are available on a yearly basis.
Accordingly, GDP is not included in the final version of the model although it
proved to be highly statistically significant in the preliminary estimated model.
Index of industrial production is used as the adequate substitute, since this index
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is available on monthly or quarterly basis, which is much more in accordance
with the essence of early warning models for systemic banking crises.

Variables in the paper are mostly expressed as natural logarithms, except indices,
interest rates and exchange rates. The results of unit root tests showed that all-
time series are non-stationary. Therefore, these time series are differentiated and
by reapplying the tests after differentiating time series it is determined that they
are stationary. A few time series have been differentiated two times in order to
become stationary. Time series used in this paper range from ql 2005 to q4 2014.
It should be emphasized that the panel method is applied for this cross-country
analysis, i.e. data are treated like a panel. Data are mostly taken from the referent
websites of the international central banks. Definitions of variables used in the
paper are given in the following table.

Table 1: Definitions of variables used in the paper

Variable Definition

LOANS Total loans at the aggregate level of the banking system
DEPOSITS Total deposits at the aggregate level of the banking system
CAPITAL Total capital at the aggregate level of the banking system

'CAPITAL_ASSETS

Capital-to-assets coefficient at the aggregate level of the banking system

'LOAN_DEPOSIT

Loan-to-deposit ratio at the aggregate level of the banking system

RESERVE_REQ

Total amount of reserve requirements at the aggregate level of the
banking system

TNFLATION Annual growth rate of consumer prices
:i:ND_PRODUCTION Index of industrial production

UNEMPLOYED Number of unemployed persons

WHEAT_PR Price of wheat at the global level, in Euro per metric ton
OIL_PR Price of crude oil at the global level, in Euro per barrel
'EXCHANGE_R Exchange rate

'EURIBOR_1M 1-month EURIBOR

'EURIBOR_3M 3-month EURIBOR

4, Estimation of logit regression models

Discrete dependent variable models are commonly used in order to create early
warning models for banking crises. These models establish a link between a de-
pendent variable that represents the banking crisis and the indicators of crisis
that are represented by independent variables. Generally, these models have been
used in order to predict mainly currency crisis, while their application for early
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warning systems for systemic banking crises is growing in recent years. This can
be attributed to the fact that throughout the history currency crises occurred
more often compared to banking crises. However, there is a noticeable increase
in frequency of recent banking crises.

The possibility of choice between two options is represented by a model in which
the dependent variable y is binary and takes value 1 when one choice is made and
0 when another choice is made (for the detailed explanation see: Gujarati, 2004).
If the likelihood of the first choice is denoted by P (and the probability of the sec-
ond choice is 1-P), it is important to determine this probability and to describe
the impact of various factors on it. In most of the existing literature on crises,
crisis probability is calculated by estimating the logit regression model where the
dependent variable (for each month, quarter or year) takes value 1 if that period
is classified as a crisis and the value 0 if there is no crisis. The results of the esti-
mated logit model are presented in the following table.

Table 2: Estimation results of logit model

Variable Coefficient Statistical significance
LOANS -48.73 0.001
DEPOSITS_1 51.96 0.001
CAPITAL 57.88 0.001
RESERVE_REQ_1 9.22 0.044
INFLATION_2 0.52 0.043
IND_PRODUCTION_1 0.07 0.069
EURIBOR_1M_1 -2.31 0.056
EXCHANGE_R_1 -1.23 0.004
CAPITAL_ASSETS -36.40 0.006
UNEMPLOYED_1 -14.68 0.050
Const -5.23 0.000

Source: Author’s calculations in Stata

Coefficients in the logit model show only the direction of change in probability,
thus it shall be necessary to calculate marginal effects in order to determine the
size of change in probability of systemic banking crisis occurrence. Since logit is
a non-linear model, there is no single marginal effect of a variable but an average
marginal effect, which means that marginal effect changes with the value of a
variable itself. Accordingly, although intuitively marginal effect should be lower
than 1 (or equal to 1) since probability ranges between 0 and 1, it can happen that
it is greater than 1. Therefore, in the logit model, marginal effect represents an ap-

179



Journal of Central Banking Theory and Practice

proximate change in the dependent variable y for a one-unit change in explana-
tory variable x. Marginal effects of explanatory variables on dependent variable
are presented in the following table.

Table 3: Marginal effects

Variable Marginal effects Statistical significance
LOANS -1.54 0.049
DEPOSITS_1 1.64 0.029
CAPITAL 1.83 0.058
RESERVE_REQ_1 0.29 0.128
INFLATION_2 0.02 0.077
IND_PRODUCTION_1 0.01 0.142
EURIBOR_TM_1 -0.07 0.097
EXCHANGE_R_1 -0.04 0.031
CAPITAL_ASSETS -1.15 0.073
UNEMPLOYED_1 -046 0112

Source: Author’s calculations in Stata

It should be emphasized that marginal effects for three out of ten variables in the
model are not statistically significant. This might be because of weak performance
of these indicators or due to the correlation between explanatory variables so the
author checked the values of correlation coeflicients between the variables. The
correlation coefficient between capital and capital-to-assets ratio is 0.81 which
certainly causes a concern. In order to be completely sure about the existence of
correlation between explanatory variables, the Variance Inflation Factor has also
been calculated. Since the value of VIF for any of these variables does not exceed
4, the correlation between them might not be an issue. Additionally, because the
emphasis is on the predictive power of the model, many authors suggest that
multicollinearity is not an important issue that should be particularly addressed.

In economic literature dedicated to early warning models for banking crises,
some authors (Jagtiani et al., 2003, and Davis & Karim, 2008) came to a con-
clusion that the predictive accuracy of simple logit model, which has only two
explanatory variables, exceeds the performances of one complex multivariate
model (Dardac & Boitan, 2009; p. 77). Dardac & Boitan (2009) came to the same
conclusion in their research. They had a small sample (38 observations for the
period from the third quarter of 1997 to the fourth quarter of 2006) at their dis-
posal and they tested a series of simple logistic regressions which are comprised
of the dependent variable and a maximum of two independent variables. Namely,
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the best predictive performance was achieved in models with a maximum of two
independent variables.

Six simple logit models with at most two explanatory variables are estimated. The
results of the estimated models as well as marginal effects of explanatory vari-
ables are presented in the following table.

Table 4. Estimation results of simple logit models

Model Variable Coefficient .Stafustlcal Marginal .Sta.t|st|cal

significance effects significance
DEPOSITS_2 2148 0.000 311 0.000

Model 1
CAPITAL_ASSETS_1 6.34 0.090 092 0.083
LOANS -12.82 0.032 -1.95 0.030

Model 2
CAPITAL 15.77 0.000 2.39 0.000
RESERVE_REQ_1 443 0.006 0.72 0.005

Model 3
EXCHANGE_R_1 -0.35 0.015 -0.06 0.012
WHEAT_PR_1 2.28 0.067 0.36 0.063

Model 4
EURIBOR_3M -1.09 0.021 -0.17 0.017
OIL_PR_1 534 0.001 0.79 0.000

Model 5
EURIBOR_1M -2.76 0.001 -041 0.000
LOAN_DEPOSIT 23.08 0.000 3.27 0.000

Model 6
UNEMPLOYED_1 -13.51 0.001 -1.91 0.001

Source: Author’s calculations in Stata

5. Interpretation and discussion

The results of the estimated logit model suggest that the level of capital has the
highest marginal effect on the dependent variable. If capital, deposits, reserve re-
quirements, inflation, and industrial production increase, the probability of crisis
tends to increase. On the other hand, if loans, Euribor, exchange rate, capital-to-
assets ratio, and unemployment increase the estimated probability of systemic
banking crisis occurrence tends to decrease. However, the marginal effects for
reserve requirements, industrial production and the number of unemployed per-
sons are not statistically significant although these variables are statistically sig-
nificant within the estimated model.

After the onset of the global economic crisis, the key central banks (i.e. FED,
Bank of England, and ECB) have drastically reduced their reference interest rates.
The main reason why the benchmark interest rates are at the historically low level
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is the debt crisis that has taken hold, particularly in some EU countries. Since
there is a slowdown in economic activity, reducing the benchmark interest rates
represents an attempt to prevent the occurrence of recession and to stimulate
economic growth.

It should be emphasized that Montenegro and Bosnia and Herzegovina have
fixed exchange rate regimes. In general, one of the main advantages of fixed ex-
change rate regimes is that they enable achieving macroeconomic stability owing
to a solid nominal anchor. However, fixed exchange rates do not a priori provide
macroeconomic stability. The main deficiency of fixed exchange rates is that they
reduce flexibility of monetary policy. Yet, it should be emphasized that foreign
currency lending might pose significant credit risk in countries with no currency
anchor.

Six simple logit regressions that individually have two explanatory variables are
estimated. The results suggest that the loan-to-deposit ratio has the highest mar-
ginal effect on the dependent variable. This ratio is commonly used for assessing
liquidity of a bank. A very high ratio might indicate that a bank does not have
enough liquidity to cover any unforeseen emergencies. However, a very low ratio
might suggest that a bank is not earning as much as it can on deposits.

Additionally, if the number of unemployed persons, deposits, capital-to-assets
ratio, capital and reserve requirements, and the price of the wheat and oil prices
increase, the probability of systemic banking crisis occurrence tends to increase.
On the other hand, if loans, 1-month Euribor, 3-month Euribor, exchange rate
increase, the probability of systemic banking crisis tends to decrease.

Although the reserve requirements instrument is used in developed market
economies only to a small extent, it is much more important for developing coun-
tries. All countries in the region have relaxed their reserve requirement policies
in order to improve liquidity and lending activity as of the global financial crisis
outbreak.

It might be noted that three variables that have the highest marginal effects with-
in the previously estimated logit regression are also among the ones that have the
highest marginal effects within the six simple logit regressions. These variables
are: capital, deposits and loans.

Although the results of the six simple logit regressions largely coincide with re-
sults of the previously estimated logit model there are some issues that need to
be addressed. Two variables that were statistically significant in the previously
estimated logit model, i.e. inflation and industrial production, did not prove to
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be statistically significant in any of the simple logit regressions. Therefore, these
variables are excluded from the final specifications.

However, few additional variables prove to be statistically significant, among
which the most important are the global prices of wheat and oil. This might sug-
gest that these economies are significantly exposed to trends on the global level.
Accordingly, developments on international markets have a significant impact
on the banking systems of these countries and, therefore, on the probability of
systemic banking crisis occurrence.

At first glance, some of the outcomes from the estimated models might be con-
sidered as counterintuitive. However, economic interpretation of the results is
largely dependent upon the modification related to determination of the signal
horizon. Namely, as it is previously stated, the author has made a modification of
the approach usually used in literature. Since the objective of this paper is to de-
termine the indicators that send signals among the first ones, the signal horizon
is set at 24 months preceding a systemic banking crisis, as opposed to the usual
signal horizon of 12 months before and 12 months after the beginning of the
crisis. Taking this into consideration, it is expected that results may differ when
using a different signal horizon.

For example, in many similar studies, deposit outflow is related to a greater crisis
probability, which is certainly true. However, when deposit outflow happens that
means that the crisis has already started, so one actually does not need an early
warning model for banking crisis. The more important thing is to analyse what
happens with the banking system and the overall economy during two or three
years before the crisis. That is why a significant growth in deposits might suggest
that there is excess liquidity in the given banking system, which could have some
negative implications and lead to additional problems. Similarly, a decrease in
unemployment may be related to the expansion cycle which indicates that the
overheating of an economy may be related to the systemic banking crisis occur-
rence.

Interestingly, the indicator that represents loans has a negative sign which indi-
cates that if loans increase, the estimated probability of systemic banking crisis
occurrence tends to decrease. Hence, this might suggest that credit growths in
SEE countries actually had not been exaggerated, with the exception of Mon-
tenegro. In accordance with this assumption, the credit boom indicator plays
a dominant role owing to very good performances in early warning models for
systemic banking crises in Montenegro (Asanovi¢, 2017).
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6. Concluding remarks

Although the countries from the sample have similar economies, they differ from
each other. The differences might come due to various foreign exchange regimes
in these countries. Accordingly, Montenegro is a euroised economy while Bosnia
and Herzegovina has the currency board; therefore, both of these countries have
very limited monetary policy instruments at their disposal, which is not the case
with Serbia, Macedonia and Croatia. Taking into account results of logit regres-
sion as well as results of simple logit regressions it may be concluded that indi-
cators related to banking system have higher impact on probability of systemic
banking occurrence compared to macroeconomic indicators. The results also
have shown that banking systems of these countries are significantly exposed to
trends on the global level.

The main conclusion that might be drawn is that there are usually indicators
that point to weaknesses in the financial and economic system long before a
systemic banking crisis emerges. This suggests that early warning indicators for
systemic banking crises might have important role in monitoring and analys-
ing economic developments, and therefore in conducting monetary policy. This
paper represents an initial step in creating an early warning model for systemic
banking crises for countries from the sample. While there are no perfect models,
it would be very useful to have a tool that might help in maintaining banking
system stability. The efforts in developing the adequate early warning model for
systemic banking crises should contribute to financial system stability. A stable
and reliable financial system represents one of the main prerequisites for a stable
economic system and, accordingly, for economic growth and development. This
paper represents an attempt to create an adequate basis for future research on the
topic since further elaboration is necessary.
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