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Thesis Abstract 

The financial crisis that plagued the European economy during 2008-2013 

was one of the most severe on record among advanced economies. The crisis 

followed a decade of reasonable growth and financial stability since the creation of 

the Euro in 1999. In that period several peripheral Eurozone Member States 

experienced very rapid growth and convergence of living standards to European 

averages. When the crisis hit, borrowing costs on money markets for some 

governments rose to unsustainable levels, banking systems became stressed, and 

economies fell into deep recession. Prevailing models largely failed to predict the 

financial crisis. This thesis seeks to build Early Warning System (EWS) econometric 

models for the prediction of banking and sovereign crises in the Eurozone. These 

models stress the interactions between sovereign debt markets, banking systems, and 

the real economy. We find that banking, macroeconomic and financial indicators are 

required in EWS models to predict distress in banking systems and sovereign 

markets. We find that the models developed in this thesis have strong predictability 

power, and can predict banking and sovereign stress up to three years in advance, 

allowing policy-makers time to take corrective actions to guard against financial and 

sovereign distress. 
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CHAPTER 1: Introduction 

 

  



 

2 
 

1.1 Background 

The financial crisis that affected the European economy in the period 2008-

2013 was one of the most severe on record among advanced economies. Before the 

onset of the crisis, Europe experienced a decade of reasonable growth, low inflation, 

and financial stability since the creation of the Euro in 1999. This decade was 

characterised by rapid growth and convergence of living standards to European 

averages in several peripheral Eurozone Member States. However, this strong 

economic performance during the first decade of the 21st century cloaked rising 

financial imbalances and increasing vulnerabilities as large amounts of financial 

capital flowed from core European economies to peripheral economies with a 

number of consequent effects. 

These flows were intermediated through domestic banking systems, thereby 

generating increased risks for banking sector stability. It is argued in this thesis that 

these flows did not make their way into the more productive traded-goods and 

traded-services sectors of these peripheral economies, which could boost their 

competitiveness, but rather were disproportionately invested in non-traded sectors, 

especially into real estate assets, or were used to finance unsustainable household 

and government consumption. When these flows came to a sudden stop as an 

outcome of the financial crisis that initiated in the US, especially after the collapse of 

Lehman Brothers; borrowing costs on money markets for some governments rose to 

unsustainable levels, banking systems became stressed, and economies fell into deep 

recession. 

Chapter 2 provides the background of this study, as well as the conceptual 

framework for thinking about the crisis in Europe and examines factors that have 

been identified in the literature as sources of stress in markets for government debt. 

In addition, factors that can, in principle, give rise to stress on banking systems are 

also identified. It is argued that a key feature of the European financial crisis, which 

is important in explaining the severity of the crisis, was the interaction between 

problems in markets for government debt and problems in the banking sector. We 

construct a schematic framework to highlight how these interactions operated to 

produce an exceptionally severe crisis. The chapter concludes that it is not possible 

to fully identify growing vulnerabilities in the government debt market unless 
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attention is paid to developments in banking systems, and vice-versa. The empirical 

objective of this thesis is to identify possible banking and sovereign distress in the 

Eurozone, therefore this framework will become the stepping-stone to identify and 

predict, with the assistance of econometric Early Warning System models (EWS), 

sovereign and banking sector vulnerabilities that can lead to official crises. 

It should be highlighted that the current literature is limited in the area of 

EWS that focus exclusively on advanced economies such as the Eurozone members. 

This limitation was deemed critical, especially after the financial crisis that the 

Eurozone faced, to mitigate future crises. Therefore, it is essential to enrich the 

empirical literature of EWS models for sovereign and banking crises in developed 

economies. Chapter 3 assists in the direction of understanding the existing literature 

on this area which is essential for the further development and enhancement of 

current EWS for banking and sovereign distress for advanced economies. 

The aim of developing EWS models is to assist policy makers to identify 

potential economic, financial and banking weaknesses and vulnerabilities, thus 

having the necessary time to take precautionary measures and reduce the risk of 

facing severe economic crises. However, a major critique of EWS models is that 

they function only moderately well in predicting ex-ante crises. A review of the 

methodological evolution of EWS since 1976 is presented in order to identify the 

improvements of the EWS regarding currency, banking, sovereign and recently fiscal 

crises over time. Based on this evolution, the implementation of EWS with respect to 

banking and sovereign distress will be employed. 

With the onset of the crisis in 2008, growth for several Eurozone members 

was affected negatively and as a consequence the recession affected the ability of 

borrowers to face their debt obligations. In addition, a number of Eurozone members 

had to deal with the collapse of their real estate market. This collapse left many 

borrowers, both property developers and homeowners with mortgages, with 

unsustainable debts. As a result, many borrowers were unable to service their loans 

fully, while the non-performing loans (NPLs) in European banks began to rise 

sharply initiating the second degree European crisis.  

The NPLs are a major concern for policymakers because increases in NPLs 

can weaken both the banking system and the economy as a whole. High levels of 
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NPLs can restrict a bank’s ability to lend into the real economy by tying up bank 

capital. Also, high levels of NPLs can divert the time and energy of senior bank 

management away from new lending in order to deal with the resolution of NPLs. 

Banks may also need to hold additional provisions against NPLs, which lowers net 

income and bank profits. Furthermore, high NPLs may raise concerns among those 

providing funds to banks as to the health of the banks, which could hinder and raise 

the cost of bank funding. 

Chapter 4 explores to what extent banking, macroeconomic and financial 

factors affect the levels of NPLs and whether these factors can act as leading 

indicators for possible banking vulnerabilities that could lead to banking crises. The 

main objective of Chapter 4 is to identify these factors by developing econometric 

panel data models, measure the predictive power of these models, and identify the 

signalling window up to three years, for an early detection of that type of banking 

vulnerabilities. 

During the first years of the common currency era, several European banks 

experienced rapid growth of their balance sheets principally because of the large 

capital inflows. The financial crisis and especially the sudden-stop of these capital 

inflows revealed this unsound growth, leading to government interventions in order 

to save their domestic banking system and the economy as a whole. This situation 

damaged the debt sustainability of several Member States. In addition, debt 

sustainability was further damaged by other factors such as high debt levels and lack 

of competitiveness. As a consequence, several Eurozone members experienced 

severe solvency problems since the government bond spreads spikes created severe 

pressures in the sovereign debt market that led a number of Member States to seek 

for financial assistance by the EU and IMF. 

Hence, the empirical Chapter 5 aims to build on the previous literature and 

enrich in several ways the EWS models currently available to policy makers with 

respect to sovereign distress for advanced economies. These developments comprise 

the identification of a country-specific threshold value for possible sovereign distress 

that is based on the government bond spreads (GBS) for 13 advanced EU-EMU 

Member States. Also, taking into account the recommendations from the literature 

we utilized banking, macroeconomic and financial indicators for the identification of 
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significant leading indicators that can timely predict sovereign distress. As in 

empirical Chapter 4, the measurement of the models’ predictive power along with 

the expansion of the signalling window up to three years is presented.  

All in all, this thesis attempts to provide a coherent framework that identifies 

several factors leading to the European crisis and the interactions between the 

banking and sovereign sectors for a number of Eurozone economies with their 

consequent effects. The identification of the interconnection between banks and 

sovereigns in financially stressful periods such as the period 2008-2013 is a stepping 

stone in order to build Early Warning System econometric models for the prediction 

of banking and sovereign crises in the Eurozone.  

These models stress the interactions between sovereign debt markets, 

banking systems, and the economy as a whole with the utilisation of a wide number 

of indicators. The results suggest that macroeconomic, financial and banking-

specific indicators are required for EWS models aiming to predict banking and 

sovereign distress for advanced economies as the Eurozone members are. The 

models developed in this thesis appear to have robust predictive power for banking 

and sovereign stress up to three years in advance, allowing policy makers to take 

corrective actions in order to avoid severe financial and sovereign distress situations. 
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1.2 Thesis objectives 

The overall objective of this thesis is to build enhanced econometric models 

with strong predictive power for banking and sovereign distress in the Eurozone. 

Within this context, the following specific research objectives and questions have 

been defined and addressed: 

1. The identification of possible interconnections between the banking and 

sovereign sectors that can negatively affect one-another in the Eurozone; 

a. What are the key banking factors that can transmit credit-risk to the 

sovereigns? 

b. What are the key sovereign factors that can transmit credit-risk to the 

banks? 

c. How can these factors interact each other? 

2.  An understanding of the development of Early Warning Systems (EWS) in 

the literature; 

a. What are the core methodological approaches that have been 

implemented so far? 

b. What financial, banking and macroeconomic indicators have been 

successfully to predict crises? 

c. How can EWS models designed for the most part for use in emerging 

economies be adapted for use in Eurozone Member States? 

d. What are the limitations of EWS models in predicting banking and 

sovereign crises? 

3. The estimation of enhanced probit EWS models to predict banking distress 

(based on the non-performing loans (NPLs) ratio) in Europe; 

a. To what extent do banking-specific, macroeconomic and financial 

indicators, separately as well as jointly, act as leading indicators of 

banking distress in Europe? 

b. What is the predictive power of each EWS model? 

c. How early can banking distress be signalled? 

4. The estimation of enhanced probit EWS models to predict sovereign distress 

(based on the government bond spreads (GBS)) in Europe; 
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a. To what extent do banking-specific, macroeconomic and financial 

indicators, separately as well as jointly, act as leading indicators for 

predicting sovereign distress? 

b. What is the predictive power of each EWS model? 

c. How early can sovereign distress be signalled? 
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1.3 Structure of the Thesis 

This thesis is presented in monograph style and contains six interlinked chapters. 

The structure of the thesis is as follows: 

Chapter 2 provides the background to the Eurozone crisis. It discusses 

developments in both the banking and sovereign sectors as well as the real economy.   

This chapter also identifies and discusses channels through which stress in banking 

systems and sovereign debt markets interact and provides a conceptual framework to 

help understand these interactions. 

Chapter 3 reviews previous empirical studies using EWS to predict banking and 

sovereign crises. This review covers the methodological approaches in each study, 

the data used to estimate the EWS models, as well as the results. The limitations of 

previous models are also discussed. 

Chapter 4 builds enhanced probit EWS models for the prediction of banking 

distress in Europe, based on NPLs. Two thresholds with respect to the NPLs ratio are 

created for the early prediction of banking distress. Banking-specific, 

macroeconomic as well as financial indicators are used to estimate the models. The 

predictive power of each model is estimated and presented. 

Chapter 5 builds enhanced probit EWS models for the prediction of sovereign 

distress in Europe, based on government bond spreads. Banking indicators along 

with macroeconomic and financial indicators are used to estimate the models. The 

predictive power of each model is estimated and presented. 

Chapter 6 presents concluding remarks and a discussion of the findings of the 

thesis. Also, this final chapter outlines the limitations of the research and potential 

avenues for future research. 
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CHAPTER 2: Background and Conceptual Framework 
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2.1 Introduction 

The Eurozone faced a  combination of three interrelated crises in the past 

decade: a banking crisis, a sovereign debt crisis and a growth crisis (Shambaugh, 

2012; Frankel, 2015). Several Eurozone members experienced severe banking 

difficulties, characterised by liquidity problems, large losses on assets, 

undercapitalization, and rising non-performing loans. Some Eurozone members 

experienced problems in sovereign debt markets, with spikes in bond yields that 

raised the cost of government funding. Indeed, pressures in the sovereign debt 

market became so severe for some Member States that they were forced to seek 

official EU and IMF assistance. In addition, the Eurozone as a whole experienced a 

downturn in growth, which was unevenly distributed across Eurozone members. 

In the run up to the Eurozone crisis, several striking developments took place 

during the first decade of the common currency. Peripheral Member States 

experienced deterioration in their current account balances, while Germany’s 

external surplus widened (Figure 2.1). In part, these movements in external balances 

reflected changes in competitiveness within the Eurozone. Unit labour costs (ULC) 

increased rapidly in peripheral Member States, but were roughly flat in Germany 

(Figure 2.2). In peripheral Member States, fast growth during this period was largely 

driven by investment spending financed by large capital inflows from core Member 

States. The problem was not investment spending per se, but the nature of the 

investment that was concentrated in non-traded sectors like the housing market in 

Ireland and Spain. In Greece and Portugal, capital inflows were used to finance fast 

growth in government consumption. 
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Figure 2.1: Current Account Balances1 

 

Data Source: Datastream 

Figure 2.2: Nominal Unit Labour Cost 

 

Data Source: Eurostat 

 

  

                                                           
1 Definitions of the indicators presented in this Chapter are provided in the Appendix (Table A.4). 
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As shown in Figure 2.3, the cost of borrowing for many Member States 

declined significantly prior to the financial crisis. Debt-to-GDP ratios for Greece, 

Italy and Belgium were at elevated levels, even before the crisis, while debt ratios 

were low for Ireland and Spain (Figure 2.4). Bank’s average loan-to-deposit ratios in 

some peripheral Member States rose in the run up to the crisis, as banks relied 

increasingly on international money markets to fund loan growth (Figure 2.5). In 

addition, high levels of activity and profitability fuelled in part by capital inflows 

boosted bank’s market value (Figure2.6). 

Figure 2.3: 10-Year Government Bond Yields 
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Data Source: Datastream 

Figure 2.4: Debt-to-GDP Ratios 

 

Data Source: Datastream 
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Figure 2.5: Average of Systemic Banks Loan-to-Deposit Ratios in selected Eurozone 

Member States 

 

Data Source: Bankscope 

Figure 2.6: Banking Market Values 

 

Data Source: Datastream 
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developers and homeowners with mortgages, with unsustainable debts. As a result, 

many borrowers were unable to service their loans fully and non-performing loans 

(NPLs) in European banks began to rise sharply2. Before the onset of the financial 

crisis, average NPLs ratios in most Eurozone members were between 2% and 3% of 

gross loans. However, since the start of the crisis, NPLs increased dramatically in 

some Member States (Figure 2.7). Generally speaking, the countries that were hit the 

hardest by the crisis also experienced the largest increases in NPLs. 

Figure 2.7: Average of Systemic Banks NPLs holdings in selected Eurozone 

Member States 

 

Data Source: Bankscope 

NPLs are a concern for policymakers because increases in NPLs can weaken 

both the banking system and the economy. High levels of NPLs can restrict banks’ 

ability to lend into the real economy by tying up bank capital. High NPLs can also 

divert the time and energy of senior bank management away from new lending to 

dealing with the resolution of NPLs. Banks may also need to hold additional 

provisions against NPLs, which lowers net income and can reduce banks’ profits. In 

                                                           
2 NPLs are defined as loans for which debtors have not made scheduled payments for a period of at 

least 90 days, or loans that are not likely to be repaid in full. 
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addition, high NPLs may raise concerns among those providing funds to banks as to 

the health of the banks, which could hinder and raise the cost of bank funding. 

Two examples that illustrate the three types of interrelated crises mentioned 

at the beginning of this chapter are the Greek and Irish cases. Greece is a good 

illustration of fiscal vulnerabilities, with very large fiscal budget deficits (Figure 2.8) 

along with the Debt-to-GDP ratio being persistently above the 60% target3 (Figure 

2.9). In October 2009, the newly elected government of Greece announced that the 

budget deficit was not around 4% of GDP as previously stated, but instead was about 

14% of GDP (Baldwin and Giavazzi, 2015). This announcement led to stress in debt 

markets and yields on Greek bonds rose sharply. In addition, economic growth in 

Greece was heavily reliant on large capital inflows from the core Eurozone Member 

States rather than the country’s competitiveness and productivity. Consequently, 

GDP growth dropped sharply when these capital inflows ceased (Figure 2.10). 

Figure 2.8: Greek Fiscal 

Deficit 

Figure 2.9: Greek Debt-

to-GDP Ratio 

Figure 2.10: Greek GDP 

Growth 

   
 

Data Source: Eurostat & Datastream 

In contrast, Ireland is a good illustration of banking vulnerabilities. Despite 

the country’s healthy fiscal position, the fundamental problem in the run-up to the 

crisis was the relationship between the housing market and the domestic banking 

system. A major problem was the lack of control of mortgage approvals, which in 

turn were funded by large capital inflows from core Eurozone members. Excessive 

mortgage approvals inflated the housing market boom (Figure 2.11) and boosted 

economic growth (Figure 2.12). In September 2008, the Irish government announced 

                                                           
3 The budget deficit limit and the Debt-to-GDP ratio are two main criteria that EU counties must meet 

to join the Eurozone. 
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extensive guarantees of all banks’ liabilities because of the vulnerabilities of Irish 

banks. According to a historical observation, a sovereign debt crisis typically follows 

from a banking crisis, as happened in the Irish case (Reinhart and Rogoff, 2009). 

Figure 2.11: Irish House Price Index Figure 2.12: Irish GDP Growth (%) 

  
 

Data Source: Datastream 

The remainder of this chapter will argue that these three dimensions of the 

Eurozone crisis –banking problems, difficulties in sovereign debt markets, and 

faltering growth rates– were strongly interconnected. Weak banking institutions 
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weakened economic growth. In the Eurozone, slow growth in turn amplified the 

stressed position of the banking and sovereign sectors. 

Hence, first the inception of a vicious banking-sovereign circle for the 

economy as a whole is being taking into account. Second, it is discussed the 

subsequent interconnection between the banking, sovereign and economic growth 

vulnerabilities in a schematic framework. This framework will become the stepping-

stone to identify and predict in later chapters, with the assistance of econometric 

Early Warning Systems, sovereign and banking sector crises. 
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2.2 Sudden-Stops: Implications for Banking and Sovereign Sectors 

The root cause of the Eurozone crisis was the sudden-stop of large capital 

flows from Eurozone core members (such as France, Germany and the Netherlands) 

to Eurozone periphery members (such as Greece, Ireland, Italy, Portugal and Spain) 

(Baldwin and Giavazzi, 2015). With the introduction of the common currency in 

Europe in 1999, large current account imbalances developed in the Eurozone as 

capital flows increased from the core Eurozone Members States to the periphery 

Member States (Figure 2.13). 

Figure 2.13: Balance on Current Account: Comparison between Core and Peripheral 

Eurozone Member States 

 

 

Data Source: Datastream 
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The main difference between these two groups of countries is that the core 

Member States were characterized by slow growth, whereas the peripheral Member 

States enjoyed fast economic growth. The faster pace of growth in the periphery 

mainly reflected catch-up effects and the greater availability and fall in cost of credit 

as a result of the introduction of the common currency. The Eurozone periphery 

members were dependent on these large capital inflows to cover their savings-

investment gaps. 

 Vulnerabilities in the peripheral Member States’ grew because instead of 

using these large capital inflows to boost investment in productive assets and thus 

improve competitiveness, these inflows of capital were directed towards non-traded 

sectors. Figure 2.14 shows growth in private sector credit (as percentage of GDP) in 

several Eurozone core and periphery Member States. The excessively fast growth of 

private sector credit in several Eurozone Member States reflects the increasing 

indebtedness position of the non-financial sector, such as firms and households, 

especially borrowers in the non-traded sectors.  
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Figure 2.14: Private Sector Credit Flow (Consolidated % GDP): Comparison 

between Core and Peripheral Eurozone Member States 

 

 

Data Source: Eurostat 

Real estate is a non-traded sector that provides clear evidence of the 

mismanagement of large capital inflows. As shown in Figure 2.15, before the 

financial crisis, house price growth in Ireland, Greece, Spain, Belgium and France 

exceeded by far the suggested Eurostat threshold of 6% for this indicator4. Also, 

another remarkable situation is that despite the injection of large capital inflows, 

unemployment rates in several Eurozone Member States far exceeded the 4% level 

that is considered to be the natural rate of unemployment (Figure 2.16). 

                                                           
4 The European Commission MIP scoreboard provides an indicative threshold for this indicator at 6%. 
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Figure 2.15: House Price Index – (Deflated): Comparison between 5 Eurozone 

Member States 

 

Data Source: Eurostat 
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Figure 2.16: Unemployment Rate: Comparison between Core and Peripheral 

Eurozone Member States 

 

 

Data Source: Datastream 
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Eurozone lie in the sudden-stop of large capital flows from the core Eurozone 

members to peripheral Eurozone members. 
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2.3 Banking Crises 

This section will review possible causes of banking crises based on the 

theoretical and empirical literature. Also, it will outline how banking problems can 

negatively influence sovereign debt markets.  

2.3.1 Origins of Banking Vulnerabilities 

Table 2.1 below presents a hypothetical balance sheet of a typical 

commercial retail bank. On one hand, a bank’s assets typically consist largely of 

long-term assets such as loans. On the other hand, a bank’s liabilities mainly consists 

of deposits and are characterised by a short-term time-span (Diamond and Dybvig, 

1983; Mishkin and Serletis, 2011; Shambaugh, 2012). 

Table 2.1: A Typical Bank Balance Sheet 

Assets Liabilities 

Loans 

 Mortgages 

 Consumer Loans 

 Lending to Companies 

 Lending to Government Bodies 

Equity 

 Share Capital 

 Other 

Liquid Assets 

 Shares, Corporate Bonds 

 Government Bonds 

 Interbank Debt Claims 

 Other 

Funding 

 Deposits 

 Financial Instruments 

 Interbank Market Funding 

Other Assets 

 Real Estate 

 Derivatives 

 Goodwill 

 Other 

 

Assets = Liabilities 

Source: www.bankingforsociety.be 

In a world of imperfect information, depositors and banks’ other creditors 

face difficulties in knowing for certain if a particular bank is solvent or not. As a 

result, concerns about bank solvency, whether well-founded or not, could lead to 

large withdrawals. In the event of large unexpected withdrawals, a bank may face 

difficulties meeting these requests because the majority of the bank’s assets are long-

term loans that are very difficult to liquidate quickly. 

 This is the case not only for a vulnerable bank but also for a healthy one. This 

means that a bank could face two distinct types of problems: liquidity problems and 

solvency problems. 
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 A bank that faces liquidity problems may be solvent, however, given the 

perception (either justifiable or not) of precariousness of its balance sheet, the 

bank cannot maintain funds or attract new funds.  

 A bank that is insolvent has liabilities that exceed the value of its assets. 

A bank may become insolvent because the value of its assets may drop. In a 

deep recession, or in a real estate bust, borrowers may not be able to repay the full 

amount of their loans. The losses associated with these NPLs reduce banks’ assets 

and erode banks’ capital. Aside from loans, other bank assets can also fall in value. 

Brunnermeier et al. (2016) show that when banks hold an excess amount of domestic 

sovereign debt instead of “an internationally well-diversified sovereign portfolio 

(Brunnermeier et al., 2016, p. 3)”, a fall in sovereign bond prices can erode banks’ 

capital. 

Liquidity problems can lead to solvency problems. The need for extra 

liquidity can force the bank to sell assets at a much lower price than their long-term 

economic value or to borrow funds from the interbank market at high interest rates. 

Both actions could damage the financial soundness of the institution. 

Consequently, if a banking institution is facing high liquidity pressure, which 

cannot be solved through the aforementioned costly solutions, then in principle, the 

Central Bank could step in and act as a Lender of Last Resort (LOLR).  

If, on the other hand, the banking institution is insolvent, then there are three 

possible outcomes, namely; Bail-in of creditors, Bail-out of creditors, or a 

combination of these two approaches: 

Bail-in Program 

The rescue cost of the banking institution 

is undertaken from: 

 Equity Investors 

 Creditors (excluding depositors) 

 Depositors 

Bail-out Program 

The rescue cost of the banking 

institution is undertaken from: 

 Tax-payers 

 

In the Eurozone, the ECB took measures to support the banking system in the 

aftermath of the crisis in 2008 (European Central Bank, 2009). The ECB extended 

the maturity of its liquidity-providing operations to facilitate the funding needs of 
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banks. In addition, the ECB lowered the official interest rates by 325 basis points 

between October 2008 and May 2009. Furthermore, the Eurosystem provided 

Emergency Liquidity Assistance (ELA) to support banks that were facing temporary 

liquidity problems. For example, on 26 September 2008, a Belgian bank, Fortis, 

reported a liquidity deficit of €5.4bn and had to resort to drawing cash from the 

ECB’s last-resort marginal facility. However, Fortis bank utilized all the collateral 

that the ECB could accept, necessitating the National Bank of Belgium (NBB) to 

step in to provide ELA. By 3 October 2008, ELA for Fortis Bank had reached 

€51bn. 

Yet there were cases where banking liquidity problems persisted and large 

losses eroded banks’ capital and threatened bank solvency. Under these 

circumstances, banks required further support. This support took the form of bail-out 

and bail-in programmes after the extensive guarantees that several Eurozone 

governments announced beforehand. For example in 2009, Allied Irish Banks (AIB) 

accepted a €3.5bn capital injection from the Irish government, which by March 2011 

was expected to reach up to €13.3bn. On the other hand, in 2013 in Cyprus, the 

uninsured depositors of Bank of Cyprus lost close to 50% of their deposits5. In 

return, the depositors received bank stocks; however, the value of these stocks did 

not fully compensate for the losses the depositors had experienced. 

 The banking crisis in US in 2008 spread to the Eurozone’s banking system. 

European banks suffered large losses because they were holding securities related to 

the US subprime mortgage market. The expanding uncertainty about the quality of 

banking assets caused interest rates to jump across the entire banking system. These 

high interest rates made it costly for the troubled institutions to borrow funds on 

interbank markets. 

 

  

                                                           
5 European Union defines uninsured depositors the ones that their deposits are larger than €100,000. 
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2.3.2 Implications of Banking Vulnerabilities for Sovereigns 

When the financial crisis hit, several Eurozone banks suffered both liquidity 

and solvency problems. The combination of liquidity and solvency problems, along 

with the emerging sovereign structural and fiscal problems increased the concerns of 

financial market participations. As a result, several Eurozone Member States stepped 

in by first providing extensive guarantees for banks’ funding and eventually 

providing extra funds to support their domestic banking institutions. 

The literature suggests that the costs to taxpayers of bailing out banks’ 

creditors can negatively affect the capability of sovereigns to face their debts (Ejsing 

and Lemke, 2011a; Allen and Moessner, 2012; Dieckmann and Plank, 2012). In the 

Eurozone, after the successful rescue of banks in several Member States, the costs of 

banking insurance (CDSs) declined rapidly. However, almost simultaneously, the 

costs of the insurance for sovereign debt (CDSs for sovereign bonds) increased 

sharply. Therefore, it is important to understand how the banking bailout costs can 

negatively influence the capability of the sovereigns to face their debt obligations. 

The example of the bail-out of the creditors of Anglo Irish Bank in Ireland is 

revealing. When the Irish government bailed-out the creditors of Anglo Irish Bank, a 

vicious “loop” was created, and the stress from the banking sector transmitted to the 

sovereign, which in turn transmitted back to the banking system (Mody et al., 2011; 

Acharya, Drechsler and Schnabl, 2014). 

There are three main channels through which stress in the banking system 

could negatively affect the sovereign in terms of credit-risk transfer: 

1. Explicit and implicit guarantees by governments of banks’ debt. 

2. Injection of public funds to recapitalize banks that increases public debt and 

negatively affects the sovereign creditworthiness position. 

3. Adverse effects of impaired or stressed banks on the real economy and hence to 

government tax revenues and the sovereign sector. 

As a result of the financial crisis, banks in Europe faced a capital shortfall, 

especially in Portugal, Ireland, Greece, Spain, Italy, France, Belgium and Cyprus. 

These banks faced higher interest rates in interbank markets and difficulties in 
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raising funds. This led several European countries to announce deposit guarantees up 

to €200,000 (such as Ireland and Greece in 2008). 

Table 2.2 and Figure 2.17 show the extent of support provided by governments in 

Europe to their banking systems during the crisis. 

Table 2.2: Total State Aid Scoreboard in €bn (time-span 2008-2015) 

Member 

States 

Recapitalizations  Impaired asset 

measures 

Guarantees Other liquidity 

measures 

 Aid 

Approved 

Aid 

Used 

Aid 

Approved 

Aid 

Used 

Aid 

Approved 

Aid 

Used 

Aid 

Approved 

Aid 

Used 

Belgium 23.3 20.8 28.2 21.8 275.8 46.8 20.5 0 

Denmark 14.6 10.8 2.3 0.3 580 145 4.9 2 

Germany 114.6 64.2 82.8 80 447.8 135 9.5 4.7 

Ireland 91.6 62.8 57.2 2.6 376 284.3 40.7 0.9 

Spain 174.3 61.9 139.9 32.9 200 72 30 0 

France 29.2 25 4.7 1.2 319.8 92.7 8.7 0 

Italy 25.8 11.8 0.4 0 80 85.7 0 0 

Netherlands 39.8 23 30.6 5 200 40.9 52.9 30.4 

Austria 40.1 11.8 0.6 0.5 75 19.3 0 0 

Portugal 34.8 15.3 4.4 3.1 28.2 16.6 6.1 3.8 

Finland 4.0 0 0 0 50 0.1 0 0 

Sweden 5.0 0.8 0 0 156 19.9 0.5 0 

UK 114.6 100.1 248.1 40.4 364.5 158.2 39.9 33.3 

Total 711.9 465.6 604.3 188.6 3,311.2 1,188.1 229.7 105 

Source: European Commission 
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Figure 2.17: Recapitalisation (Used and Approved) of the Banking Systems (€bn) 

 

 

Data Source: European Commission 

 Ejsing and Lemke (2011b) find that after these government supports were 

provided to banking systems, the banking CDS premia declined and the sovereign 

CDS premia increased. This happened because of the fiscal surcharge that the 

sovereigns had to absorb. Therefore, supporting a distressed banking system through 

large-scale rescue packages (including recapitalization, absorbing bad assets and 

introducing extensive guarantees as detailed in Table 2.2 above), increase sovereign 

vulnerabilities. These vulnerabilities in several cases led to official sovereign debt 

crises. This is evident from data on CDS premia as Ejsing and Lemke (2011b) 

identify, but also from the 10-year bond yield spikes (Figure 2.18). 
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Figure 2.18: CDSs (basis points) and 10 Year Government Bond Yields (%): 

Comparison between 5 Peripheral Eurozone Member States 

CDS 
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Data Source: Datastream 
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Dieckmann and Plank (2012), tested several hypotheses regarding a possible 

transfer of risk from the private sector to the public sector6. These hypotheses are 

based on the health of the domestic and global financial systems before and during 

the financial crisis. Their results suggest the existence of a significant economic 

channel in adverse economic times, including in the recent European experience. 

Furthermore, their results support the claim of Ejsing and Lemke (2011b) that 

investors take into account the “financial industry bail-outs and the potential burden 

of government intervention (Dieckmann & Plank, 2012a, p. 904)”.  

In Ireland the country’s aggregate banking assets during 2003-2006 were 

close to four times Irish GDP.  Sgherri and Zoli (2011) find that, Irish spreads started 

to escalate when the government extended guarantees to the Irish banking system in 

2008. 

Alter and Schüler (2012) support Gray's (2009) suggestion that is based on 

the potential transfer risk from banks to sovereigns. They highlighted the need for 

further and deeper examination of the multidimensional power of risk transmission 

that took place from the private to the public sector. In order to achieve this deeper 

examination, they identified networks that could link the banking system with the 

sovereign in terms of risk transmission. First, the sovereign sector can be negatively 

affected by any implicit or explicit guarantees to support its relative distressed 

banking system. Second, a (mainly systemic) banking crisis can weaken the 

economy. 

The size of the banking system relevant to the size of the economy is another 

factor to consider. Gerlach et al. (2010) find that the size of the banking system is a 

factor that affects sovereign bond spreads. A large banking system accompanied with 

                                                           
6 The hypotheses are:  

1. The extension of the private-to-public channel hinge on the pre-crisis financial-systems 

function. 

2. The relationship between sovereign CDS spreads and the deterioration of the financial 

system. 

3. Countries heterogeneity/characteristics. 

4. The level of the financial systems exposure to the subprime mortgages. 

(Dieckmann & Plank, 2012a, p. 905-906) 
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low equity ratios increases concerns that governments might have to rescue banks. 

Such a situation can in turn increase the public debt, the cost of sovereign 

borrowings and increase the sovereign risk. 

However, vulnerable banks do not only affect the sovereign CDS or 

borrowing costs. They can also affect economic growth. This is the second type of 

the credit-risk channel that is observable, but here the link is from banks to economic 

growth. Ivashina and Scharfstein (2010) suggest that the lending activity of U.S. 

banks that declined during the crisis caused both demand and supply shocks in the 

real economy and hence negatively affected actual and potential output. 

During the financial crisis, liquidity pressures forced governments to provide 

liquidity support, such as guarantees on banking liabilities (Laeven and Valencia, 

2010).  In addition, public debt rose rapidly because the recession pushed fiscal 

budgets into deficits as government revenues slumped and spending on social 

protection surged. As a result, concerns increased about the fiscal sustainability for 

the sovereigns. 

Acharya et al. (2014) identify and measure the interconnection between the 

banking bailout programmes and the sovereign credit-risk in the Eurozone over the 

period 2007-2011. Incorporating banking as well as country-based data, they claim 

that the large-scale bail-out programmes, excessive sovereign credit-risk and 

expansion of the Debt-to-GDP ratio, are stemming from the extreme financial sector 

vulnerabilities that existed prior to the financial crisis. They also suggested that the 

sovereign credit-risk in Europe was generated from the government interventions 

that took place in order to save their domestic banking systems. This sovereign 

credit-risk fed back negatively to the banking sector. This process is referred as the 

“bank-sovereign feedback loop”.  

Finally, it worth noting that much of the literature suggests the need for 

deeper and more extensive examination of the feedback loop, given the limited 

theoretical and empirical literature so far. 
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2.4 Sovereign Crises 

This section reviews possible causes of sovereign crisis based on the 

theoretical and empirical literature. In addition, this section examines how sovereign 

vulnerabilities can negatively influence the banking system. As before, it is 

important to identify and understand any potential existence of credit-risk 

transmission channels from the sovereigns to the banks that could assist in the 

creation of the schematic framework later in this chapter. 

2.4.1 Origins of Sovereign Vulnerabilities 

Since the introduction of the common currency, financial markets regarded 

the government bond spread between a Eurozone Member State and Germany as a 

benchmark indicator of stress. If financial markets, for example, become concerned 

about the sustainability of a Eurozone Member State’s debt, say, because of political 

instability or lack of fiscal and structural reforms, then that Member State’s spread 

vis-à-vis Germany would be expected to rise. 

In the Eurozone, several Member States faced significant pressure in 

sovereign bond markets; pressure that in a number of cases escalated to official 

sovereign debt crises. The evolution from situation of “no stress” to the situations of 

“stress” and eventually “crisis” involved a number of phases. These phases are 

associated with movements in bond yields, spreads and CDSs. 

As Figure 2.18 earlier shows, in 2010 the yields for a number of Eurozone 

Member States rose markedly. These interest rate spikes reflected increased mistrust 

of financial markets with respect to the debt solvency of the stressed Eurozone 

members. For example, this mistrust could stem from the Debt-to-GDP ratio of a 

Eurozone member that exceeds not only the 60% benchmark that is one of the main 

criteria for an EU country to join the Eurozone, but also 90% and in some cases 

100% of GDP (Figure 2.4). 

In other words, the solvency of a sovereign is strongly correlated with 

sovereign borrowing costs. Low interest rates imply easy and cheap funding and 

signals a robust sovereign solvency. On the other hand, if the sovereign faces a 

widening of its bond spreads then this may suggest solvency difficulties. Hence, 
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there are parallel perspectives between banking and sovereign crises that are based 

on solvency problems. 

2.4.2 Implications of Sovereign Vulnerabilities for Banks 

In Section 2.3.2 above it was discussed how weaknesses in the banking 

system can lead to vulnerabilities for sovereigns. Contagion can also run in the 

opposite direction. There are four main channels through which financial stress for 

the sovereign could negatively affect the domestic banking system: 

1. As shown in Table 2.1, a typical bank holds government bonds as part of its 

portfolio of assets. If government bond prices fall because of concerns about 

sustainability of public debt, then the value of the bank’s assets declines 

(assuming that the bonds are marked-to-market). 

2. Investors may determine that a weak sovereign is not in a financial position to 

offer credible support to its banking system. As a result, the banks may face 

challenges in attracting funding, even if there is a government guarantee of 

banks’ debts in place. 

3. In extreme circumstances in a currency union, providers of funds to banks may 

become concerned that the Member State could leave the single currency 

because of fiscal problems. In that case, banks’ liabilities are at risk of being 

redenominated to domestic currency, probably implying large losses to investors 

and savers. In anticipation of exit from the currency union, savers would 

withdraw their funds from the banks. In Greece, for example, domestic banks in 

June 2015 were forced to close for 20 days and then implemented controls on 

bank transfers from Greek banks to foreign banks in order to avoid a bank-run 

that could cause a complete collapse of the Greek banking system. The reason 

was the failure of negotiations between the newly elected Greek government and 

its creditors for an extension of the Greek bailout programme. The failed 

negotiations affected the Greek banks because the ECB decided not to allow 

further increases in ELA to Greek banks. 

4. A government under financial stress may be forced by markets or official lenders 

to introduce fiscal austerity measures to reduce the budget deficit. This 

contractionary fiscal policy would depress economic growth, which in turn 

would reduce borrowers’ ability to service their loans and increase NPLs. 



 

35 
 

At the onset of the sovereign crisis in the Eurozone, one of the biggest 

concerns was the magnitude of the banks’ exposure to domestic sovereign debt. That 

is because several European banks’ balance sheets were significantly exposed to 

government bonds. Table 2.3 presents the banks’ exposures of six Eurozone Member 

States to their relative sovereign debt: 

Table 2.3: Domestic Banking Exposures to Domestic Government Bonds (rounded 

to 5% of GDP) 

France 5% 

Germany 5% 

Greece 25% 

Italy 10% 

Portugal 10% 

Spain 20% 

Source: Kirkegaard (2010); Shambaugh (2012) 

Thus, any possible fall in the value of these bonds can create liquidity as well 

as solvency problems for the entire domestic banking system. In addition, according 

to Acharya et al. (2014) the cost that is related to the insurance of the banking bonds 

(CDSs) is connected to the cost of the sovereign bonds insurance –depending of 

course on the magnitude of the exposure that the banks have on these bonds. 

In summary, as the risk of a possible sovereign default increases, financial 

markets interpret this situation as increased risk for banking default as well. Thus, it 

is essential to clarify a possible credit-risk from the sovereign sector to the banking 

one. This connection acts as an interconnection of the feedback or the so-called 

“loop”. In other words, the banking systems’ vulnerabilities create sovereign stress, 

which in turn feeds back into the financial sector by causing larger losses. Hence, 

according to the theoretical as well empirical literature, it is important to identify this 

“loop” and address how the sovereigns can negatively affect the banking system of 

an economy. 

The key variables in the transmission of credit-risk from sovereigns to banks 

is the outstanding level of sovereign debt and how much of that debt is held by the 

domestic banking system. Concerns about high levels of government debt can cause 

bond prices to fall and damage the banks’ balance sheets. Such an event can worsen 

economic activity. One of the best illustrations of this is the growth downturn that 
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the Eurozone experienced in the time periods 2007-2009 and 2010-2012 (Figure 

2.19), (Shambaugh, 2012). 

Figure 2.19: GDP Growth: Comparison between Core and Peripheral Eurozone 

Member States 

 

 

Data Source: Datastream 
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Gennaioli et al. (2014) built a sovereign debt model in which a major 

implication of sovereign default is the damage caused to banks balance sheets. 

Hence, there exists a bidirectional credit-risk transmission channel from the 

sovereign sector to the banking one. Therefore, one of the core causalities of this 

transmission risk is the excessive holdings of government debt by the banks.  

One question is why banks choose to hold large amounts of domestic 

sovereign bonds. According to Gennaioli et al. (2014), banks prefer to hold such 

assets given the (until the period 2010-12) high security and minimum risks that they 

offered in terms of liquidity and collateral benefits. 

Another reason is that when bond securities do not belong to the “high-class” 

securities like German or UK bonds, but to “lower-class” such as Greek, Portuguese, 

Irish, Spanish, Italian bonds, banks can obtain higher returns given the higher yields. 

It is also important to remember the belief of the financial markets (before the 

European crisis) that “no matter what” ECB and EU Commission will always back up 

such securities (Acharya and Steffen, 2015). A third reason stems from the possible 

guidance and suggestions of domestic governments to domestic banks to purchase 

government bonds in order to boost the local economy and keep government 

borrowing costs lower (Farhi and Tirole, 2016) (Table 2.4). 

Table 2.4: Representation Sample of the Domestic Banks holdings of Domestic 

Sovereign Debt as % of their Tier 1 Capital (time-span 2010-2013) 

Greek Banks to Greek Sovereign debt 226% 

Italian Banks to Italian Sovereign debt 157% 

Spanish Banks to Spanish Sovereign debt 113% 

Source: Blundell-Wignall and Slovik (2010) 

For the reasons outlined above, banking systems may hold large amounts of 

domestic and/or “lower-class” government bonds. These excessive holdings can lead 

to an increase in distress on the banking sector in the case of a fall in government 

bond prices. 

Similarly, the literature suggest that the “loop” that negatively feeds back 

onto the banking sector is also enhanced from the sovereign CDS spikes (Acharya, 

Drechsler and Schnabl, 2014; Gündüz and Kaya, 2014). In other words, there is 

credit-risk transmission channel from the sovereigns to the banks and the banking 
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institutions face a further reduction of their balance sheets and hence their market 

values. 

A related factor that enhances this type of credit-risk transmission channel is 

the one that is suggested by Arezki et al. (2011). The authors highlighted the 

situation when domestic banks hold large amounts of foreign sovereign debt. For 

example, according to Bank of England, a possible Greek, Irish, Italian or 

Portuguese default could negatively impact UK bonds because UK banks hold a 

significant amount of these countries’ bonds (Table 2.5). 

Table 2.5: British Banking Exposures to Periphery EMU Economies (in billions £). 

Time-span 2010 – 2013 

Greece 4.131 

Ireland 5.580 

Italy 10.029 

Portugal 5.916 

Source: Blundell-Wignall and Slovik (2010) 

Also, it is worth mentioning the crucial role that the credit rating agencies 

play. Alsakka and Ap Gwilym (2013) identify market negative reactions and spill-

overs that took place in a number of economies. These negative reactions stemmed 

from sovereign debt downgradings by the three big rating agencies. 
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2.5 Discussion 

The previous parts of this chapter presented the two core problems that the 

Eurozone faced. The first was the banking problems that arose because of liquidity 

and solvency difficulties. The second was the stress in sovereign debt markets 

several Eurozone Member States faced. These two core problems were accompanied 

by a marked slowdown in economic growth. 

For several Eurozone Member States, these problems escalated either to 

official crises or to serious vulnerabilities for their sovereign and banking sectors. 

Hence, these banking and sovereign problems were strongly connected with one 

another. Vulnerable banks in Europe along with vulnerable sovereigns generated a 

negative feedback loop which damaged economic growth. Therefore, the final part 

of this chapter discusses two representative examples, namely Ireland and Portugal. 

2.5.1 Irish Example 

In the period 2007-2008, assets in the Irish banking system reached close to 

400% of the country’s GDP. The benefits of the common currency and the drop in 

interest rate spreads boosted the real estate market in the run-up to the crisis. The real 

estate boom was associated with increases in the risk exposures of the domestic 

banking system. As a result, these risky exposures weakened the banking system’s 

robustness. For example, the loan-to-deposit ratios were abnormally high (Figure 

2.20). In addition, property development loans were backed by borrowers’ personal 

guarantees and not by collateral or by cash flows (Eichengreen, 2015). Hence, it was 

just a matter of time until the ticking bomb of the Irish banking system exploded. 
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Figure 2.20: Irish Selected Banks: Loan-to-Deposit ratios 

 

Data Source: Bankscope 

The announcement of the explicit guarantees in autumn of 2008 by the Irish 

government when the Irish banking system was struggling for funds caused several 

reactions from the global financial markets. The first reaction was that credit default 

swaps rates (CDS) to buy protection against default by the systemic banks of the 

country declined. Against that positive reaction, almost simultaneously, the similar 

CDS rates for the Irish government debt increased rapidly (Figure 2.21). These 

reactions illustrate the credit-risk transfer from the banks to the sovereign sector. 

This extensive credit-risk transfer escalated the bond spreads and yields of the 

sovereign. This acceleration of the bond spreads and yields caused an isolation of the 

Irish government from the financial markets, leading the country to an EU/IMF 

bailout programme in late 2010. 
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Figure 2.21: The Rapid Increase of the Irish Sovereign CDS Rates (2008-2015) 

 

Data Source: Datastream 

2.5.2 Portuguese Example 

The Portuguese case in contrast, features an increase of both private and public 

debt (Figures 2.22 and 2.23) with concurrent low real GDP growth (Figure 2.24). 

This simultaneous debt escalation weakened the financial credibility of the State due 

to the sudden-stop of the large capital inflows. In addition, the country’s 

international investment position deteriorated rapidly (Figure 2.25). Another 

vulnerability was the rapid growth of the external public and private deficits, while 

the domestic banking system was highly interconnected with foreign banks through 

the wholesale funding from abroad. These macro and micro economic imbalances 

left the country vulnerable to a global financial crisis. Thus, the global financial 

crisis that erupted in 2008 negatively affected the Portuguese economy. As a result, 

in 2011 the rating agencies downgraded Portugal as public debt rose sharply. These 

actions caused a sharp increase in the country’s spreads and yields leading it to 

request an EU/IMF rescue program in 2011 (Eichenbaum, Rebelo and Resende, 

2016). 
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Figure 2.22: Portuguese 

Private Sector Debt (% 

GDP) 

Figure 2.23: Portuguese 

Debt-to-GDP Ratio 

Figure 2.24: Portuguese 

GDP Growth 

   
 

Data Source: Datastream 

 

Figure 2.25: Portuguese Net International Investment Position 

 

Data Source: Eurostat 
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2.6 Schematic Framework 

Chapter 2 concludes by summarising the interconnections between the 

banking and the sovereign sectors as well as by presenting a composite schematic 

framework that illustrates these interconnections. A number of studies explore this 

interconnectedness from both macro and micro perspectives. The reason is that the 

European banking sector played (and still plays) a fundamental role in a number of 

European economies. Through this sector funds are intermediated to sovereign bond 

markets and the real economy. Especially after the introduction of the common 

currency, this financial integration has been increased domestically and 

internationally which further increased systemic credit-risks and the magnitude of 

the multi-faceted crises that several EU Member States faced (Peltonen, Rancan and 

Sarlin, 2015). 

In general, lending booms and asset price asymmetries, extreme liquidity and 

large private credit gaps are vulnerabilities that precede banking crises (Borio and 

Lowe, 2011a, 2011b). In turn, banking crises precede sovereign debt crises, which in 

later stages amplify economic downturns. Moreover, the deterioration of banking 

balance sheets is one of the main roots of financial losses and insolvencies for not 

only banks but also sovereigns and non-financial companies (Adrian and Shin, 

2010). 

Therefore, this chapter concludes with the creation of the schematic 

framework that will become the stepping-stone to build probit econometric models 

that will test and estimate the interconnections between the banking and the 

sovereign sectors in the Eurozone by utilizing data-sets that belong to these two 

sectors. These econometric models could also act as Early Warning Systems (EWS) 

for the detection of possible sovereign and banking crises and improve upon existing 

EWS (Figure 2.26). 
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Figure 2.26: Schematic Framework of Banking and Sovereign Interconnections 

 

 

Vulnerable banks can lead to sovereign vulnerabilities and crisis in the form 

of sovereign bankruptcy. This could be the case when the sovereign attempts to 

rescue deeply troubled banks. Also, banking failures could depress economic growth 

via the credit channel. In addition, excessive holdings of domestic sovereign debt by 

domestic banks increase the insolvency risk of the banking system as a whole. 

In the attempt to alleviate the sovereign stress, governments may introduce 

fiscal austerity measures. The consequent effect is that economic growth slows. As a 

result of slow or negative growth and rising unemployment, government tax 

revenues weaken and spending on social protection increases, widening fiscal 

deficits and weakening sovereign debt sustainability. In addition, a recession puts 

upward pressure on NPLs in the banking system. 

In summary, Chapter 2 helps our understanding of the interconnections 

between banks, sovereigns and the real economy along with the risks that are 

transmitted from the one to the other. The review of literature that follows (Chapter 

3) will assist in order to understand different EWS methodologies for the prediction 

of banking and sovereign crises. Therefore, by combining the obtained knowledge 

from these two chapters it will be achievable to identify fundamental variables that 

are related to the aggregated macroeconomic and financial environment as well as to 

the microeconomic banking-specific environment. Hence, these data will assist to 
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detect and categorise the importance of the macroeconomic and microeconomic 

leading indicators for banking and sovereign-debt distress as well as to justify the 

interconnections that exist in the advanced Member States that are tested in the 

empirical chapters of this thesis (Chapters 4 and 5). 
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CHAPTER 3: Literature Review of Early Warning Systems 
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3.1 Introducing and Defining the EWS Methodologies 

The objective of this chapter is to present and discuss a number of studies 

outlining the concept of Early Warning Systems (hereafter EWS) with respect to 

banking, currency and more recently, with respect to sovereign and fiscal crises. It is 

crucial to understand the evolution of these EWS, which have several elements 

including methodological approaches, data collection and critiques which have been 

implemented, in order to predict potential crises. In addition, it should be highlighted 

that research is limited in the area of EWS focusing solely on advanced economies 

such as the Eurozone. This paucity of literature was deemed critical especially after 

the financial crisis that the Eurozone faced (Christofides, Eicher and Papageorgiou, 

2016). Therefore, it is essential to enrich the literature of EWS models for sovereign 

and banking crises for developed economies with a particular focus on empirical 

studies. The understanding of the literature is essential to achieve the objective of 

this thesis that is, the further development and enhancement of current EWS for 

banking and sovereign crises for advanced economies such as the Eurozone Member 

States. 

The rationale of EWS models is to assist policy and decision makers to 

identify potential economic, financial and banking weaknesses and vulnerabilities. 

The intention is that policy makers would thus have the necessary time to take 

precautionary measures and reduce the risk of facing economic crises. However, a 

major critique of EWS models is that they function only moderately well in 

predicting ex-ante crises (Berg and Pattillo, 1998). A review of the methodological 

evolution of EWS is highlighted to identify the improvements of the EWS regarding 

currency, banking, sovereign and recently fiscal crises over time. 

Martin (1977) proposed an early warning model for banking failures 

highlighting three main methodological approaches of how EWS models should be 

constructed, namely: 

1) the ex-post empirical approach, 

2) the a-priori approach, and 

3) the a-priori undefined approach. 
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These methodological approaches were based on the time-period selection of the 

data. The methodological approach that Martin (1977) followed was the ex-post 

approach. With the ex-post empirical approach, a comparison took place between the 

characteristics of banks that failed with banks that did not fail in the years preceding 

these failures (Martin, 1977). 

Conversely, Pettway and Sinkey (1980) suggested that it is preferable for an 

EWS model to use ex-ante data rather than ex-post. The reason they propose is that 

ex-post data include critical-dates that were not available to the regulators or the 

markets7. Therefore, they suggested to solely assess data that were available prior to 

the critical dates. 

Given the above characteristics of EWS, the main focus of Pettway and Sinkey’s 

methodological approach, which had been followed up to that period, was the time-

period of the selected data (ex-post or ex-ante) and not the nature of the models 

themselves. However, in the late 1990’s and onwards the dominating methodological 

approaches for the EWS are based on the nature of the models, namely: 

1) The Signalling Approach: This approach takes into account a number of 

selected variables and examines whether they are following a normal path or 

exceeding a cut-off threshold value that has been set in order to indicate a 

warning signal of a possible crisis within a specified time-period. More 

specifically, one indicator can provide signal if it is detached from its mean and 

beyond the threshold that has been set8 (Kaminsky, Lizondo and Reinhart, 1998; 

Kaminsky and Reinhart, 1999). 

2) The Econometric Approach: This approach relies on probit or logit panel data 

econometric models, to examine the influence of the selected variables on the 

probability of a crisis. The dependent variable is a binary variable and takes a 

value of 0 if there is no indication of a crisis and 1 if the crisis has occurred 

(Berg and Pattillo, 1999). The advantages over the signalling approach are the 

consideration of the correlations and interactions among the variables and the 

statistical significance that can be tested “across time and countries”. 

                                                           
7 The term “critical dates” is referring to the time period that a crisis begins. 

8 In some papers the “signalling” approach is referring as KLR approach, titular for Kaminsky, 

Lizondo and Reinhart. 
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This introductory summary assisted in distinguishing the different approaches 

of EWS that had been implemented since 1977 as well as defining the EWS 

terminology. Initially the EWS models were constructed based on the time-period of 

the selected data. However, since 1990’s the EWS are constructed based on the nature 

of the models (“signalling” or “econometric” models). 

The rest of the chapter will provide a review of the empirical applications of 

EWS models from 1976 to date. Also, an emphasis will be given on EWS models 

that had been created for developed countries in order to identify their 

methodological structure, main advantages and limitations. Hence, the combination 

of the conceptual framework presented in Chapter 2 along with the critique and 

implications of the EWS literature in this chapter, will aid in a more robust 

foundation to address the research questions associated with timely prediction of 

possible banking and sovereign distress in the Eurozone. 
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3.2 Empirical Applications of EWS Models 

The objective of this section is to depict the evolution of EWS models as they 

were developed in the past four decades. The review of the empirical applications of 

EWS models is separated in four parts that include primary, banking, sovereign and 

most recent (i.e. with greater relevance to the 2008-2012 financial crisis) EWS 

models. The aim is to understand the structure of these models regarding their 

methodological approaches; the data utilised and time-period selection; and their 

suggested results and limitations. The principal focus will be on EWS regarding 

banking and sovereign crises. This study will help to distinguish similarities and 

differences among several validated EWS models. Hence, these similarities and 

differences will be considered in order to develop enhanced EWS for banking and 

sovereign crises for advanced Eurozone members. 

3.2.1 Primordial EWS Models 

Altman and Loris (1976) introduced the Financial Early Warning System 

(FEWS). They used a quadratic discrimination technique in order to predict possible 

“Broker-Dealer failures” in the Over-the-Counter securities market9. This model was 

expected to be able to reduce the consequences of the large number of liquidations 

that the market experienced.  

The sample for this model consisted of 40 broker-dealer organizations which 

failed and 113 (randomly selected) active firms that belonged to the National 

Association of Securities Dealers (NASD). The authors included 6 variables, taken 

from the Annual Financial Reports published by each entity, namely: 

①
AssetsTotal

TaxesAfterIncomeNet
 ④

EquitysOwner

LoansedSubordinatsLiabilitieTotal

'


 

 

②
CapitalNetAdjusted

AssetsTotal
 

 

⑤
CapitalBeggining

AdditionsCapitalCapitalEnding 
 

 

③ AgeScaled  

 

⑥Composite  

 

                                                           
9 The reason of this action was the enormous amount of Exchange and non-Exchange firm failures 

that costed $253 million. 
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By using the following quadratic discrimination model the authors suggest that the 

mean values from the two groups of Failed and Active-Selected-Firms differ in a 

significant level. This difference, according to the authors, proves that there is more 

space for further discrimination analysis in this area. 

6561172113

2

612

2

176611 xxxxxxxxxxZ     

Where, Z Overall Score,  1 Discriminant Coefficients and 61 xx 

Discriminant Variables. 

Finally, this discriminant FEWS model for categorising firms as failed or 

active provided high predictive accuracy and has been considered to be a helpful tool 

for the regulatory authorities in this specific industry. More specifically, NASD 

reviewed the FEWS model in comparison with its EWS criteria for future 

examinations. 

Martin (1977) presented the first logit early warning model which could 

measure the probability of a commercial banking failure based on 25 ex-post10 

financial ratios11. These financial ratios were categorized into four groups providing 

measures of commercial banking system trustworthiness, namely: 

1. Asset Risk 

2. Liquidity 

3. Capital Adequacy 

4. Earnings 

At that time, the likelihood of a banking failure was believed to depend on the 

banks net-worth. In other words, if the commercial bank had a negative net-worth, this 

                                                           
10 That was the main approach for the majority of studies in this area. It is termed as “ex-post 

empirical” that describes a group of actual failures which were identified from individual case studies. 

The banks that face this assumption, one or more years prior to failure, were compared with a group 

of banks which did not consider as failed (Martin, 1977, p. 250).  

11 These were lagged variables in a time period t-1 related with the probability of a banking failure at 

period t. According to the author the reason of the utilisation of lag variables was one of the initial 

assumptions for the development of an econometric early warning system model. The time period of 

the variables was until 1974 in order to estimate the probability of failure in years 1975 and 1976 

(Martin, 1977, pp. 251-252 and p. 264).  
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was considered as an indicator for a future banking failure. The author incorporated 

5598 banks along with 25 independent variables lagged at time t-1. The dependent 

variable Y, was a binary variable that takes the value of zero (0) for non-failed banks 

and the value of one (1) otherwise. 

It is worth mentioning that the null hypothesis (H0) was that all banks have 

equal probability of failure at the cut-off point of

0041.0
5598

23


BanksofNumberTotal

BanksFailed
. From the 25 variables, only 4 were 

statistically significant at the 95% level of confidence. Despite the initial poor results 

given the limitations of the econometric approach at that time, this type of EWS 

model became one of the main approaches that future researchers and institutions 

followed in order to predict banking and sovereign crises. 

Following on from previous models, Pettway and Sinkey (1980) created an 

EWS by using accounting and market information data to offer a new on-site 

examination queue-technique for the US banking supervision authorities in order to 

inform their selection order for banking audits. For example, if a bank faced 

problems in both accounting and market screen, it was deemed as a possible “under 

failure bank” and an on-site examination should take place immediately. 

In order to build their EWS with respect to prioritising the on-site 

examinations for the banks and to classify whether one bank can be considered as a 

failed one or not, they used a screening model based on a dual-filtering mechanism. 

For the first filter, they used 
Reserves Capital

 PortfolioLoan 
and 

Reserves Capital

Loans lSubstantia
 ratios, that 

were considered to be strong indicators for the soundness or not of a banking 

institution. Secondly, they used data from the market information that a bank 

provides e.g. information on bank’s securities prices. Their findings suggest that the 

dual-filter screening technique offers an earlier warning by at least one year before 

the date on which the on-site classifying examination took place.  

Honohan (1997) contributed to the literature in this area by attempting to 

scrutinise and predict banking system failures that took place in developing and 

transition economies. Initially, he classified the reasons of a systemic banking failure 

into three core categories. The first classification was “endemic” and included 
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liquidity problems as well as the threat for banking insolvency as an outcome of 

governments’ involvement12. The second was “epidemic macroeconomic” which 

mainly encompasses the macroeconomic distress probability of the country. Finally, 

the third classification was “epidemic microeconomic” and includes the individuals’ 

bankers’ behaviour. These three categories were presented as the “symptoms” for a 

possible systemic banking crisis. The objective of their analysis was to develop an 

EWS to predict and prove this kind of crisis by using ex-post data in a quite simple 

time-series model.  

In order to build this EWS model, 24 countries were separated in to four 

groups; each of the first three groups identified the “symptoms” and the last group 

was used as a control13. The time period varied among countries and because of that 

the availabilities of the necessary data varied as well. However, the main indicators 

that belong in the family of the “symptoms” are as follows14: 

  

                                                           
12 According to this study government involvement indicates that one government might own a large 

portion of the county’s banking institutions. 

13 The first group incorporated macro data and is consisted from Argentina, Chile, Mexico, Uruguay, 

Norway and Sweden. The second group incorporated micro data and is consisted from Colombia, 

Kenya, Malaysia, Nigeria, Thailand and Venezuela. The third group incorporated government data 

and is consisted from Cameroon, Egypt, Hungary, Pakistan, Philippines and Poland. Finally the last 

group is the control group and is consisted from Honduras, Switzerland, Malawi, Morocco, Portugal 

and Syria (Honohan, 1997, Appendix Part-2). 

14 These are time-series indicators as they were provided from the International Financial Statistics, 

IMF. 



 

54 
 

 

ab1 

 

Loan-to-Deposit ratio 

 

 

ab2 

 

Foreign Borrowing to Deposits ratio  

 

 

ab3 

 

Growth Rate of Real Banking Credit 

 

 

c1 

 

Bank Discretion over use of Funds, measured by share of Reserves to Deposits 

 

 

c2 

 

Government share of Lending 

 

 

c3 

 

Central Bank Refinancing of Bank Lending 

 

 

c4 

 

Government Deficit 

 

 

“ab” type of indicators refers to the “epidemic symptoms” from both micro and macro perspective 

 

 “c” type of indicators refers to the governments’ types of crises. 

 

Having ex-post data for the prediction of a potential banking crisis, the author 

measured the mean value of the indicators between 1975 and 1994 as well as the 

mean value three years before the actual crisis occurred in each country, where 

applicable. Finally, he compared the control group (D) with the three others in order 

to prove that each group represented a specific causality of a banking crisis i.e.: 

i. Group A countries faced a banking crisis because of the “macro epidemic 

symptoms”, 

ii. Group B countries faced a banking crisis because of the “micro epidemic 

symptoms” 

iii. Group C countries faced a banking crisis because of the “government 

symptoms” 

 

Indeed, the first and the third groups were consistent with macroeconomic 

and government “symptoms” whereas for the second group proved that they did not 

present severe crises that could be characterized as systemic banking crisis.  

Finally, an IMF study from Demirgüç-Kunt and Detragiache (1998) is worth 

mentioning due to their contribution on the development of EWS models for 
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predicting banking crises. This study that is related to the emergence of systemic 

banking crises, was one of the first studies where both developed and developing 

countries where included in a panel logit econometric model for the time period 1980-

199415.  

The authors created a dummy dependent variable which takes the value of zero 

if there is not a crisis and the value of unity otherwise, depending on four conditions: 

1. The ratio of nonperforming assets to total assets in the banking system exceeds 

10% 

2. The rescue operation cost reflects at least the 2% of GDP 

3. A large scale of nationalization of the banking sector takes place 

4. A wide range of bank runs take place or emergency actions such as deposit freezes 

and prolonged bank holidays are taking place from the government(s) perspective. 

Therefore, if one or more from the above four conditions was observed, then it is 

considering that there is a systemic banking problem which may result in a banking 

crisis. 

Given the facts throughout the literature, the “best signals” for EWS of 

predicting a banking crisis are relying mainly on: 

1. Low GDP Growth 

2. High Real Interest Rates 

3. Decline in Stock Prices and  

4. Loss of Foreign Exchange rates 

 

Their results suggest that a weak macroeconomic environment, problematic 

structural characteristics of the banking system, pronounced insurance for the 

deposits and weak legal systems characterise the onset and persistence of a banking 

crisis. They discovered 31 banking crises occurrences in a range of 546 observations 

from which 8 took place in developed countries. In total, the accuracy of their 

                                                           
15 The dataset is coming from IMF’s International Financial Statistics (IFS) and the range of the 

countries that had been used is between 45 and 65 controlled by the authors’ specifications for the 

logit regressions that they used (Demirgüç-Kunt and Detragiache, 1998, p. 88). 
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methodology procedure was between 67% to 84% and finally the banking crises 

were classified up to 70%. 

From the above review, EWS models can be used for a number of economic 

and financial situations (Table 3.1). The banking sector is the leading area where the 

majority of the EWS applications occur. However, as highlighted in this review, 

EWS models were employed in order to predict Broker-Dealer failures in the OTC 

market; created for better audit on-site banking examinations; and more generally the 

literature suggests numerous of EWS functions and applications in economics. 

Table 3.1: Summary Table of Primordial EWS Models 

Author(s) 
Altman and Loris 

(1976) 

Martin  

(1977) 

Pettway and Sinkey 

(1980) 

Honohan 

(1997) 

Demirgüç-Kunt and 

Detragiache (1998) 

Study 
A Financial EWS 

for OTC Broker-

Dealers 

Early Warning of 

Bank Failure: A 
logit regression 

approach 

Establishing On-
Site Bank 

Examination 

Priorities: An 
Early-Warning 

System Using 

Accounting and 
Market Information 

Banking System 

Failures in 
Developing and 

Transition 

Countries: 
Diagnosis and 

Prediction 

The Determinants 
of Banking Crises 

in Developing and 

Developed 
Countries 

Methodology 

Statistical 

Quadratic 

Discriminant 
Analysis 

Logit Model 
Dual-Screening 
Early Warning 

Technique 

Time-Series Model Logit Model 

Variables & 

Time-Span 
Financial variables 
1970-1973 

Financial variables 
1974 

Accounting and 

Market Information 
variables 

1970-1976 

Financial and 

Macroeconomic 
variables 

1975-1994 

Financial, 
Macroeconomic 

and Institutional 

variables 
1980-1994 

Main Results 

Comparison 
between failed and 

active NASD firms. 

The quadratic 
discriminant 

analysis provided 

an early warning in 

order to minimize a 

large number of 

liquidations in this 
industry. 

A logit EWS model 

that measuring the 

probability of 
future banking 

crisis based on 25 

financial variables. 
Only 4 appeared to 

be statistically 

significant for the 
probability of 

banking failure in 

1975-76. 

The dual-screening 

technique provided 

an early warning 
for earlier 

examination for a 

potential 
problematic bank, 

giving more time to 

regulators for an 
earlier on-site 

banking 

examination. 

Creation of 3 

categories that are 
presented as 

“symptoms” of 

systemic banking 

failures for 4 

groups of countries.  

The econometric 

logit approach 
suggested that 

banking crises 

occur with a weak 

macroeconomic 

environment. 

Limitations 
Short group of 

variables and short 
time-span. 

Short group of 
variables in a time-

span of only one 

year (1974).  

Short group of 

variables and short 
time-span.  

The time-span of 
the selected 

variables vary from 

country to country. 
Only developing 

and transition 

economies are 
included in the 

EWS model. 

The financial 
variables didn’t act 

as leading 

indicators for 
banking crisis for 

the second group of 

countries. 

Short group of 

variables. Poor 

performance of the 
financial and 

institutional 

variables for the 
prediction of 

banking crises. 
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 In summary, even these early EWS models with limited selection of data, 

provided policy makers an alternative way of predicting banking, currency and OTC 

crises; albeit these methods are now considered as one of the principal mechanisms 

of predicting economic and financial crises.  

Subsequently, the most recent EWS models with respect to banking, 

sovereign and fiscal stress events and crises will be discussed in the next sections of 

this chapter. The analysis of these EWS models will be in the form of the 

methodological approaches that have been followed so far i.e. signalling and 

econometric approaches, along with the data that are recommended by these models 

i.e. mainly macroeconomic, financial, fiscal and banking data. 

3.2.2 Banking EWS Models 

In this section, a number of studies with respect to EWS models for banking 

stress events and crises are examined. The aim of this section is to identify the 

country-set, data-set, time-span and the results and suggestions from these empirical 

studies given the methodological approaches followed. 

Hardy and Pazarbasioglu (1998) identified leading indicators that could 

predict the banking crises in Asia one year before the actual events.  Following the 

econometric approach, they created a logit model in order to study 43 distress and 

crisis periods that occurred in the financial sector of 50 countries. The country-set 

included advanced, emerging and transition economies. One innovation is that they 

used groupings: non-crisis periods; leading-up periods that can cause a crisis; and the 

actual crisis periods that took place. The results suggested that the vulnerability of 

the banking system is stemming from eight main factors; the so called indicators are 

mainly macroeconomic variables such as decline of real GDP and real exchange 

rates as well as rising inflation. It should be highlighted that similar results had been 

found in the Demirgüç-Kunt and Detragiache (1998) study presented in the previous 

section. Also, they justified that the Asian crisis was different from other financial 

crisis such as the Latin America crisis events, given the strong predictability of 

traditional macroeconomic indicators. Finally, it is worth mentioning, that several 

indicators that suggest banking distress events will also predict future sovereign and 

fiscal stress events. 
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 Kaminsky (1999) examined both currency and banking crises with the 

implementation of the signalling approach. Based on the strong relationship between 

currency and banking crises, the so called “twin crises”, the author tried to identify 

the magnitude of the country’s economic weaknesses when a banking or/and 

currency crisis occurred. Having a time-span of 25 years (1970-1995) with mainly 

macroeconomic variables for 20 advanced and emerging economies, Kaminsky 

examined 76 currency and 26 banking crises respectively. The stepping stone of this 

IMF working paper is that it contains four different composite leading indicators that 

can examine an economy’s condition before the onset of the actual crisis. These 

composite leading indicators have cut-off threshold values that if exceeded send a 

signal for a possible banking and currency crises. This approach, as with previous 

research adopting similar methods (Hardy and Pazarbasioglu, 1998), proves that the 

Asian banking crises differed from previous crises in terms of the macroeconomic 

vulnerabilities that the countries performed before the onset of the crisis. According 

to the results, such crises could be predicted approximately one year before the 

actual events. Finally, it should be mentioned that the author suggested the 

expansion of the data-set by including more macroeconomic variables as well as data 

from the balance sheet of the financial institutions, a recommendation that has been 

considered and implemented for the empirical chapters of this thesis. 

 Following a similar path with respect to the data-set, J. Wong et al. (2010) 

attempted to predict banking distress probabilities for the eleven member economies 

of the Executives’ Meeting of East Asia Pacific Central Banks (EMEAP)16 based on 

an econometric probit model. For a timely detection of a possible crisis the authors 

included quarterly data from 1990 to 2007. By comprising macroeconomic, financial 

and contagion-effect variables, the authors suggested a number of leading indicators 

that could estimate the occurrence of banking distress one year prior to the actual 

event of a crisis. Based on this study, E. Wong et al. (2010) incorporated an 

econometric cost-benefit assessment for the long-term economic impacts of the 

Basel III capital and liquidity regulatory reforms for Hong-Kong. 

                                                           
16 These countries are: Australia, China, Hong Kong, Indonesia, Japan, Korea, Malaysia, New 

Zealand, Philippines, Singapore and Thailand (Wong, Wong and Leung, 2010, p. 170). 
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 It is worth mentioning that this empirical analysis is based on the 

aforementioned Demirgüç-Kunt and Detragiache (1998) four conditions that define 

banking crises. 

Finally, Messai and Jouini (2013) extended the literature for predicting 

banking distress probabilities by incorporating data from eight advanced European 

economies. The econometric logit model that they built was following the CAMEL 

rating system and consisted financial data from 368 European banks with a time-

span 2004 to 200717. Their results suggested that a number of financial ratios that 

depict low capital ratio, low profitability and poor management, increase the 

probability for banking distress. However, one of the main limitations of this study is 

that they excluded macroeconomic indicators. Studies related to the CAMEL rating 

system with respect to banking crises include those of Dabos and Escudero (2004) 

that examined banking specific financial indicators that determined the Argentinian 

banking failure after the Mexican crisis, and the Gonzalez-Hermosillo and Dept 

(1999) that analysed both micro and macroeconomic indicators that were related 

with five banking system problems in U.S., Mexico and Colombia over the period of 

1986-1995 (Gonzalez-Hermosillo and Dept, 1999; Escudero and Dabos, 2004). 

 The aforementioned studies, as summarised in Table 3.2, along with several 

other empirical studies of the banking EWS models literature (Berg and Pattillo, 

1999; Johnson, 2002; Halling and Hayden, 2006; E. Philip Davis and Karim, 2008; 

Gramlich et al., 2010; Oet et al., 2013; Babecký et al., 2014; Betz et al., 2014; 

Drehmann and Juselius, 2014), provide similarities and differences regarding the 

methodologies, data-set, time-span as well as the suggested results and limitations. 

 

  

                                                           
17 The CAMEL rating system stands for Capital adequacy, Asset quality, Management quality, 

Earnings ability and Liquidity position –ratios. 
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Table 3.2: Summary Table of Banking EWS Models 

Author(s) 
Hardy and 

Pazarbasioglu (1999) 
Kaminsky (1999) 

J. Wong, T. Wong and 

Leung (2010) 
Messai and Jouni (2013) 

Study 
Leading Indicators of 

Banking Crises: Was 
Asia Different? 

Currency and banking 

crises: The early 
warnings of distress 

Predicting banking 

distress in the EMEAP 
economies 

Predicting Banking 

Distress in European 
Countries 

Methodology Logit Model Signalling Model Probit Model 
Logit Model following 
the CAMEL rating 

system 

Variables & 

Time-Span 

Macroeconomic and 
Financial variables 

1980-1997 

Macroeconomic 
variables 

1970-1995 

Macroeconomic, 

Financial and 
Contagion-effect 

variables 

1990-2007 

Financial variables 

2004-2007 

Main Results 

A combination of 

macroeconomic and 
financial variables act as 

leading indicators for 

banking crises in both 
developed and 

developing economies. 

Macroeconomic 

composite leading 
indicators for 

developing economies 

identified a number of 
bad shocks that took 

place before the onset of 

banking and currency 
crises in the examined 

country-set. 

Having quarterly panel 

data-set, a short number 

of macroeconomic and 
financial variables along 

with a contagion-effect 

variable act as leading 
indicators for predicting 

banking distress in 

Asian economies. 

Several financial ratios 

that are related to the 
CAMEL rating system 

act as leading indicators 

for the prediction of 
possible banking stress 

events and crises.  

Limitations Short group of variables. 

Short group of variables 

for developing 
economies. 

Short group of variables 

for developing 
economies. 

Short group of variables 

and short time-span. 

 

Finally, the literature focused exclusively on advanced economies needs 

further exploration and expansion given the recent financial crisis. Congruent to this, 

new aspects of possible banking vulnerabilities should also be considered and 

examined. The NPLs challenges which several European financial institutions are 

still facing could be considered as the Achilles' heel of the recently healed banking 

sector. Therefore, timely identification of the determinants that can negatively affect 

the NPLs pace in the Eurozone’s banking system is essential to safeguard against 

problematic instability. That can be achieved with the implementation of an 

enhanced banking EWS model incorporating macroeconomic, financial and banking 

specific indicators in a wide time-span data-set. 

3.2.3 Sovereign and Fiscal EWS Models 

 In this section of reviewing EWS models, a number of studies related to 

sovereign and fiscal stress events and crises will be presented, focusing on the 

identification of methodological approaches, utilised data-sets, results and 

conclusions of these empirical studies. 

Manasse et al. (2003) examined the possible prediction of sovereign debt 

crises incorporating 47 emerging economies from 1970-2002 based on a logit model 

as well as on a Classification and Regression Tree (CART) analysis. The 
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incorporated variables were macroeconomic, fiscal and political variables for the 

identification of sovereign debt crisis. It is worth mentioning that in contrast with 

currency crises, the sovereign debt crises are characterised with higher persistence. 

According to their findings, the variables that act as leading indicators to predict 

crises were mainly solvency (measures of debt solvency) and macroeconomic 

variables. 

It should also be highlighted that according to this study the sovereign debt 

vulnerabilities became more frequent since the beginning of the 21st century, given 

the macroeconomic volatilities. In addition, the indicators that suggested debt crises 

in the time period of 1970 to 1980 were different from the indicators that suggested 

debt crises from 1990 onwards. 

 Baldacci et al. (2011) expanded the boundaries of sovereign debt crisis to 

fiscal crises events. In this working paper, the authors considered the periods of 

crisis as consequences from a number of factors, namely: 

1. Public debt default or restructure 

2. IMF financial support 

3. Hyperinflation and sovereign bond yield spikes 

The authors expanded the above criteria with Cottarelli’s criteria, suggesting that the 

existence of government funding pressures is also an indication of fiscal crisis 

episode. Hence, they used 12 fiscal indicators for 29 advanced economies and 52 

emerging economies from 1970 to 2010 in order to identify fiscal stress events18. 

Following the signalling approach, the main indicators for fiscal stress in advanced 

economies were those which indicated gross financing needs and basic fiscal 

variables such as public debt to GDP ratio. For emerging economies, the main 

indicators were related with the public debt structure and their high exposure to 

financial markets (Baldacci et al., 2011; Cottarelli, 2011). 

In summary, two major contributions with respect to EWS for sovereign debt 

crises, or more broadly, with respect to fiscal stress events have been examined. 

                                                           
18 However, this study focused from 1995 and onwards which was the period of analysing the 

signalling power of the suggested EWS model (Baldacci et al., 2011, pp. 9 and 14). 
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Undoubtedly, these working papers enhance the understanding of EWS models and 

their applications in this specific area. However, the main limitation of these studies 

are that they used both advanced and emerging economies in their country-sets. It is 

a limitation since the profiles between developed and developing economies differ in 

terms of the macroeconomic, financial and political environments. Therefore, the 

following two studies examined from the European Commission and the European 

Central Bank, were focused exclusively on advanced economies and thus have more 

relevance for the aims of this thesis (Berti, Salto and Lequien, 2012; Hernández De 

Cos et al., 2014). 

Berti et al. (2012) adopted the signalling approach and combined fiscal, 

financial-competitiveness and macroeconomic variables in their EWS model, aiming 

to identify fiscal stress in 33 advanced countries over the period 1970-201019. The 

results highlighted the importance of combining fiscal and financial-competitiveness 

variables since this combination enhanced the signalling power of fiscal stress 

predictions. 

Finally, the study of Hernandez De Cos et al. (2014) followed the signalling 

approach and examined the predictive power of fiscal and financial-competitiveness 

composition variables for fiscal stress events. The time-span was from 1970 to 2010 

for 11 Eurozone members. The authors concluded that the signalling approach 

allowed them to amplify the predictive influence of the early warning indicators 

(Hernández De Cos et al., 2014). 

It is quite apparent from this review, that there exist both similarities and 

differences with respect to the applied methodologies, utilised data-sets, time 

coverage, results and limitations in the literature of EWS models for sovereign and 

fiscal stress events and crises (Hemming, Kell and Schimmelpfennig, 2003; Ciarlone 

and Trebeschi, 2005; Fioramanti, 2008; Babecký et al., 2013). Table 3.3 summarises 

the studies that have been reviewed.  Moreover, it is worthy of comment that only 

recently, EWS models for advanced economies have emerged, highlighting the need 

for further exploration and expansion of this research area as it has often been 

suggested in existing empirical papers. Therefore, the suggestions from the above 

                                                           
19 The country-set included all the EU members apart from Cyprus, Luxembourg and Malta, given 

data restrictions over the past 40 years. In addition to EU members, the country-set included 9 more 

advanced economies (Berti, Salto and Lequien, 2012, p. 12-13). 
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studies, will be taken into account in the present thesis, in order to develop an 

enhanced EWS model that utilises data from advanced European economies, and 

timely predicts sovereign stress events and crises. 

Table 3.3: Summary Table of Sovereign and Fiscal EWS Models 

Author(s) 
Manasse, Roubini and 

Schimmelpfennig 

(2003) 

Baldacci, Petrova 

Belhocine, Dobrescu 
and Mazraani 

 (2011) 

Berti, Salto and 
Lequien (2012) 

Hernandez De Cos, 

Koester, Moral-Benito 
and Nickel 

(2014) 

Study 
Predicting Sovereign 

Debt Crises 
Assessing Fiscal Stress 

An early-detection index 

of fiscal stress for EU 

countries 

Signalling Fiscal Stress 

in the Euro Area a 

Country-Specific Early 
Warning System 

Methodology 
Logit Model and CART 

analysis 
Signalling Model Signalling Model Signalling Model 

Variables & 

Time-Span 

Fiscal, Macroeconomic 
and Political variables 

1970-2002 

Fiscal variables 

1970-2010 

Fiscal, Financial and 

Macroeconomic 

variables 
1970-2010 

Fiscal, Financial and 

Macroeconomic 

variables 
1970-2010 

Main Results 

The main leading 

indicators for predicting 
debt crises are solvency 

and macroeconomic 

variables. 

Different leading 

indicators suggest fiscal 
stress between advanced 

and emerging 

economies. 

The combination of 

fiscal, financial and 

macro variables provide 
better signalling power 

for the prediction of 

fiscal stress comparing 
to individual indicators 

from the 

abovementioned groups 
of data. 

Creation of country-

specific cut-off 
threshold values for the 

suggested leading 

indicators that improved 
the signalling power for 

the prediction of fiscal 

stress events. 

Limitations 
Financial variables are 

not including in the 

data-set. 

Short group of variables. 

Following the signalling 

approach this study 
should be considered as 

a complete study 

regarding the prediction 
of fiscal stress events for 

advanced economies. 

Similarly with the Berti 

et al. (2012) this study is 

following the signalling 
approach and it is a 

complete study 

regarding the prediction 
of fiscal stress events for 

advanced Eurozone 

Member States. 

 

3.2.4 Most Recent EWS Models 

 We now focus on a more recent EWS literature, strongly related to the most 

recent financial crisis of 2008-2012 (RFC). As already mentioned, EWS that were 

purposefully created for advanced economies were almost non-existent before the 

RFC. Hence, it is important to take into account such core studies and identify their 

methodological approaches, the utilised data-sets as well as their results and 

conclusions. 

Betz et al. (2014) created an EWS model for the prediction of those 

vulnerabilities that can cause individual banking distress in Europe. They 

incorporated a combination of country-specific and banking quarterly data from 

2000Q1-2013Q2. The methodology regarding the EWS model was the econometric 
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approach (logit econometric model) and the sample included 24 European Union 

Member States along with their 546 banking institutions20. The findings suggested 

that the vulnerability indicators that signal banking distress are bank-level indicators 

(7 significant variables), country-specific banking sector indicators (5 significant 

variables) and country-level macro-financial indicators (5 significant variables)21.  

This study argues that it is important to incorporate a combination of banking 

and country-based indicators for the timely prediction of banking distress. The 

authors suggest to emphasise in large banks because they can cause systemic risk. 

This suggestion is taken into account for this thesis too (Chapters 4 and 5), focusing 

solely on systemic banks. The studies that follow below, adopted to this “combined 

data-strategy” that is highlighting the difference between previous EWS models with 

the EWS models that followed the RFC of 2008-2012 with respect to the data 

selection. 

 Antunes et al. (2018) with a multivariate dynamic panel probit model 

attempted to forecast banking crises from 1970Q1 to 2010Q4 for 28 EU Member 

States. They included banking, financial and macroeconomic variables for timelier 

identification of banking crises22. The authors concluded that a comprehensive 

dataset provides leading indicators that are able in a timely fashion to signal 

emerging banking crises. The main indicators are equity prices, house prices growth, 

credit-to-GDP gaps, and debt to service ratios (among others). 

 Filippopoulou and Spyrou (2018) created a binary multivariate logit 

regression EWS model for the prediction of systemic banking crises for 10 Eurozone 

countries. The majority of the data are from the Macro-prudential Database (MPDB) 

that was jointly created in 2015 by the ECB and the European Systemic Risk Board. 

The frequency of the database is from 1999Q1 to 2008Q4. The authors found that 

most of the MPDB indicators are statistically significant, and therefore crucial for 

the prediction of systemic banking crisis from two up to four years in advance. More 

                                                           
20 The country-set included all the EU members apart from Cyprus, Estonia, Lithuania and Romania. 

21 For more information regarding the leading indicators see “Table 3: Logit estimates on bank 

distress and their predictive performance” (Betz et al., 2013, p.18).  

22 The data-set also include among others private credit, house prices, equity prices, nominal and real 

GDP, net pre-tax income, leverage ratio (Antunes et al., 2016, pp. 10-13). 
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specifically, a high unemployment rate, a high proportion of government debt to 

GDP, low investment levels, high systemic country risk and adverse liquidity and 

funding conditions in the banking system (among others) are some of the most 

important leading indicators that can predict systemic banking distress. 

 Finally, Dawood, Horsewood and Strobel (2017) research is related to the 

prediction of sovereign debt crises. Getting inspired from the updated challenge of 

the creation of more efficient and more effective EWS given the RFC, they created 

and tested three econometric techniques regarding their EWS models: 

1. Dynamic signal extraction approach 

2. Binary logit model 

3. Multinomial logit model 

Their panel contain annual macroeconomic, financial, and banking data from 

1980-2010 for 38 advanced and emerging economies. The interesting factor that is 

taken into account for this thesis is the robustness tests. The authors compare the 

results of the full model (38 countries) with in-sample examinations by dividing the 

countries in 4 regional models namely Developed, Asian, Latin and African groups 

of countries models. 

 The results of these models suggest that a more effective EWS for the 

prediction of sovereign debt crises needs to incorporate not only macroeconomic and 

country-aggregated financial variables but also banking variables that take into 

account possible spillover effects from the banking sector. In addition, it is shown 

that breaking the full model into regional models (given the characteristics of the 

countries) the predictive performance of the EWS is notably enhanced. 

The most recent studies, as an outcome of the recent financial crisis, utilize a wide 

number of combined data. Banking-specific, and country-based banking data, along 

with aggregated macroeconomic and financial data provide a large number of 

leading indicators that can suggest both banking and sovereign distress. 

Simultaneously, according to the literature, it is also observed a better predictive 

power of such events. Table 3.4 provide the summary of the studies that have been 

reviewed. Finally, in addition to the previous sections suggestions, a number of the 
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propositions from these most recent studies will be taken into account for the 

development of enhanced EWS models for advanced European economies.  

Table 3.4: Summary Table of Most Recent EWS Models 

Author(s) 
Betz, Oprică, Peltonen 

and Sarlin 
(2014) 

Antunes, Bonfim, 

Monteiro and Rodrigues 
(2018) 

Filippopoulou and 

Spyrou  
(2018) 

Dawood, Horsewood 

and Strobel 
(2017) 

Study 
Predicting distress in 
European banks. 

Forecasting banking 

crises with dynamic 

panel probit models. 

An early warning 
system for predicting 

systemic banking crises 

in the Eurozone: a logit 
regression approach. 

Predicting sovereign 

debt crises : An Early 
Warning System 

approach 

Methodology Logit Model 
Multivariate Dynamic 

Panel Probit Model 

Multivariate Logit 

Model 

Dynamic Signal 

extraction approach; 

Binary Logit Model; 
Multinomial Logit 

Model 

Variables & 

Time-Span 

Bank-specific, Country-

specific Banking sector 

and Macro-financial 
variables 

2000-2013 

Macroeconomic and 

Financial variables 
1970-2010 

Macro-prudential and 

Banking variables 
1999-2008 

Fiscal, Financial and 
Macroeconomic 

variables 

1970-2010 

Main Results 

The combination of a 

large dataset provide a 

wide number of leading 

indicators for predicting 

European bank distress. 

Equity price index, debt 

to service ratio and 
credit-to-GDP provide 

both interesting 

suggestions to policy 

makers for the 

prediction of such 

events and decent 
signalling power. 

A relative wide number 

of leading indicators (15 

in total) from both 

groups of the utilized 

variables. 

It is contributing into the 

(limited) literature of 
EWS for debt crises 

since it is using a group 

of advanced countries. It 
identifies the similarities 

and differences 

regarding the leading 
indicators between 

emerging and advanced 

economies for such 
events. 

Limitations 

Limitations of the bank-

specific data affects the 
extension of the 

signalling window that 

is maximum up to 8 
quarters (i.e. 2 years). 

Short number of leading 

indicators and short 
signalling window. 

Following the 

econometric approach 

this study should be 
considered as a 

complete study 

regarding the prediction 
of banking crises in the 

Eurozone. 

This study should be 

considered as a 

complete study since it 
is testing different 

econometric techniques 

regarding the prediction 
of debt crises for 

emerging and advanced 

countries both jointly as 
well as separately in 

groups. 
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3.3 Implications and Lessons Learned from the Literature 

The reviewed studies provided essential information and research guidance 

regarding the characteristics, applicability and robustness of various EWS models for 

banking, sovereign and fiscal stress events and crises. These characteristics are 

inherent to the methodological approaches that have been followed so far (mainly 

“econometric” and “signalling” approaches); the type of various data-sets that have 

been used (mainly macroeconomic, financial and fiscal data, combined or 

independently used); and the country-sets that were mainly for emerging economies 

and only more recently for advanced economies.  

The principal objective of developing EWS models is for timely signalling to 

policy makers of potential economic crises. However, the recent financial crisis 

raises concerns around the capacity of existing EWS models to timely and accurately 

predict financial crises; implying the necessity for further research in this area.   

Despite the various empirical models and research efforts to predict banking and 

sovereign crises, none have provided a significant warning for the recent economic 

crisis which had both banking and sovereign dimensions.  The limitations of the 

predictive power of previous EWS models for the recent banking and sovereign 

crises could be attributed to the country-set and the data-set that these models 

comprised (Christofides, Eicher and Papageorgiou, 2016). These limitations add to 

the level of mistrust from some economists, that Betdespite the sophistication of the 

EWS models, they will not be able to accurately predict in the future similar types of 

crises (Abiad, 2003). 

However, the more recent empirical studies considered solely advanced 

economies by incorporating macroeconomic and financial variables. The outcome of 

these studies was that by incorporating only advanced economies with extended 

time-span and data-set (given the interconnectedness that has been observed between 

the banking systems, the sovereign bond markets and the real economy), the recent 

banking and sovereign crises could have been predicted. A crucial suggestion in 

most of these empirical analyses is the need for further research related to EWS 

models for banking, sovereign and fiscal stress events for advanced economies. 

Therefore, considering the background and the conceptual framework of the 

interconnection between the banking and the sovereign sectors, along with the 
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lessons learned from the empirical literature for the prediction of banking and 

sovereign stress events and crises with the assistance of EWS models, the remainder 

of the thesis will provide the following investigations: 

 An empirical chapter regarding banking stress events for Eurozone economies 

based on their non-performing loans (NPLs) exposures. 

 An empirical chapter regarding sovereign stress events for Eurozone economies 

based on their government bond spreads (GBS) expansions. 

 The combination of the conceptual framework as presented in Chapter 2, 

with the findings and conclusions from the literature review will provide the basis 

for the following empirical chapters aimed at providing answers to the proposed 

research questions. 
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CHAPTER 4: Predicting Banking Distress in the Eurozone: 

A Probit Early Warning System Approach 

 

  



 

70 
 

4.1 Introduction 

As discussed in Chapter 2, one feature of the Eurozone crisis was a rapid 

accumulation of non-performing loans (NPLs) is some European countries (Figure 

4.1). The increased levels of the NPLs attracted the interest of academic researchers 

as well as researchers and practitioners from institutions such as International 

Monetary Fund, European Central Bank and European Commission. NPLs were the 

focus of many studies because they were seen as weighing on the European banking 

system and as a result were a barrier to recovery on the euro area economy. 

Figure 4.1: Average of Systemic Banks NPLs holdings in selected Eurozone 

Member States 

 

Data Source: Bankscope 

Section 4.2 below discusses some of these studies. Overall, the literature 

identifies two important factors that drive the growth of NPLs. On one hand, 

domestic and international macroeconomic and financial conditions are found to be 

important determinants of NPLs. These factors include variables such as GDP, 

unemployment, public debt, interest rates, exchange rates and inflation. On the other 

hand, bank-specific factors, especially the aggressiveness of a bank’s lending 

policies, can also influence negatively the bank’s loan portfolio, resulting in 

evaluated levels of NPLs. An obvious illustration of this can be seen by the 

aggressive behaviour of sub-prime mortgage lenders in the U.S., where lenders 
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provided loans to customers with low incomes or/and unstable employment 

conditions. Many of these borrowers subsequently defaulted and these loans turned 

non-performing. Such behaviour may also be related to banking bad management 

(Breuer, 2006). According to Breuer (2006), conflicts of interest can lead to bank 

mismanagement that eventually affects the quality of bank loans.  

 This empirical chapter will explore to what extent banking, macroeconomic 

and financial factors affect the NPLs and whether these factors can act as leading 

indicators for possible banking vulnerabilities that could be lead to banking crises. 

The aim is to identify these factors with the help of econometric panel data models, 

measure their predictive power as well as identify the signalling window for an early 

detection for the occurrence of that type of banking vulnerabilities. 

This chapter consists of a review of the most recent literature in this area, a 

discussion of data and methodology, the estimation and robustness results and the 

final conclusions. 
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4.2 Literature Review 

The literature review begins by presenting individual European country-

specific studies. One of the main determinants that can affect the level of NPLs is the 

growth of GDP. One relatively early study that highlights this finding is Salas and 

Saurina (2002) that examined Spanish commercial and savings banks over the period 

1985–1997. By implementing a panel data model, they examined the determinants of 

problematic loans, including both macroeconomic and individual banking data. This 

paper, apart from the identification of macroeconomic as well as banking-specific 

determinants with respect to NPLs, suggested that banking data can be used as early 

warning indicators23. Another country-specific case study is the one that examined 

the banking sector of Turkey from 2001 to 2007 (Çifter, 2014). This study, 

suggested that lagged industrial production factors increase significantly the level of 

NPLs. For the same country, Macit (2012) by using quarterly data from 2005 to 

2010 and incorporating 15 large commercial banks, suggested that both 

macroeconomic and banking-specific variables effect NPLs.   

Regarding Greece, Louzis et al. (2012) suggested that the main determinants 

for NPLs include macroeconomic factors such as  unemployment and interest rates, 

GDP growth and the public debt. They used quarterly data from 2003 to 2009, 

regarding three loan categories namely consumer, business and farm loans from 9 

commercial banks. Similarly with European country-specific studies that analyse as 

well as scrutinise the determinants which caused the “big waves” of NPLs in their 

banking systems; Ghosh (2015) by using a dynamic-GMM estimations examined the 

determinants of NPLs for all commercial and savings institutions for 50 U.S. states 

over the period 1984-2013. The author found that the factors that increase the NPLs 

values are both macroeconomic and banking-specific. For the former, indicators such 

as high state housing price index, lower state real GDP, high unemployment rates 

and low personal income growth rates increase the pace of NPLs. For the latter, 

higher banking capitalization, liquidity risks and low credit quality, boost the NPLs.  

                                                           
23 This suggestion is implemented in the methodological approach of this chapter by including 

macroeconomic, financial and banking indicators. The reason is that it is aimed to identify the 

determinants of NPLs for the selected sample of systemic banks and use them as EWS indicators that 

are able to predict possible systemic banking distress given the high levels of the NPLs.  
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Other studies have also employed cross-country analysis. Nkusu (2011) 

incorporated 26 advanced economies form 1998 to 2009 in panel regression models. 

The core suggestion is that the increased levels of NPLs is linked with 

macroeconomic determinants. Klein (2013) incorporated both banking data as well 

as macroeconomic factors to scrutinize the NPLs in 16 Central, Eastern and South-

Eastern European countries. By using data from 1998 to 2011, he found that the 

NPLs can be ascribed to both group-factors, mentioning that the macroeconomic 

factors outperform in terms of explanatory power in comparison to the banking 

specific factors. Jakubík and Reininger (2013) quarterly study from 2004 to 2012 

with 9 Central, Eastern and South-Eastern European nations, suggested that the 

domestic stock price index along with the GDP growth are the main determinants for 

the reduction of the NPLs. However, the private-credit as percentage to GDP along 

with the domestic exchange rate, have positive influence on NPLs as well. 

 Messai and Jouini (2013) examined 85 banks from 3 Eurozone countries 

from 2004 to 2008. Their findings suggest that real interest rate, unemployment rate 

as well as lack of credit quality are associated with higher NPLs. On the other hand, 

positive banking profitability along with robust economic growth, tend to reduce 

NPLs. Likewise, Skarica (2014) incorporated a panel quarterly-dataset from 2007 to 

2012, by using a fixed effects estimator for 7 Central and Eastern European (CEE) 

countries to analyse the macroeconomic determinants with respect to NPLs 

performance. Her findings suggest that inflation and unemployment are associated 

with higher NPLs, where on the other hand GDP growth could decrease NPLs. 

 Espinoza and Prasad (2010) suggested that NPLs increase when economic 

growth slows down while both higher risk aversion and interest rates increase NPLs 

significantly. This study used 80 banks from the Gulf cooperation council zone, with 

time-span 1995-2008. De Bock and Demyanets (2012) found that some of the main 

determinants that influence the excessive increase of the NPLs in emerging 

economies is the shrinking value of real GDP and the domestic currency depreciation 

in comparison to the US dollar. Another factor that also increases NPLs is a 

deterioration in the terms of trade. The authors examined panel regressions with 

annual data of 25 emerging economies over the period 1996-2010. 
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 Finally, Beck et al. (2013) examined 75 advanced and emerging countries, 

from 2000 to 2010, and identified that macroeconomic factors such as GDP growth 

and nominal effective exchange rates (among others) play a crucial role in explaining 

NPLs. On the other hand,  Makri et al. (2014) investigated 14 Eurozone members 

from 2000 to 2008 and found that both macroeconomic and microeconomic 

variables affect significantly the level of NPLs. 

Based on the above literature as well as the literature regarding banking 

distress as presented in Chapter 3, econometric paned data models will be utilised to 

identify banking, macroeconomic and financial leading indicators that could predict 

increases in NPLs for the systemic banks of a number of EU Member States. 

Consequently, the next section will discuss the methodology regarding econometric 

panel data models and present the data used in estimating the models. 
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4.3 Data and Methodology 

According to the literature, some of the most important determinants of NPLs 

can be separated into three categories: (i) Banking Profitability, (ii) Loans Quality 

and (iii) the Macroeconomic and Financial Environment both domestic and 

international (Hou and Dickinson, 2007; Espinoza and Prasad, 2010; Festić, Kavkler 

and Repina, 2011; Nkusu, 2011; Louzis, Vouldis and Metaxas, 2012; Beck, Jakubik 

and Piloiu, 2013; Ghosh, 2015; Dimitrios, Helen and Mike, 2016). For this analysis, 

the data-set includes three groups of annual indicators relating to these determinants, 

namely (i) Profitability Ratios; (ii) Loan Quality Ratios; and (iii) Macroeconomic 

and Financial Indicators24.  

The first two sets of data were obtained from the Bankscope database that 

provided the balance sheets data for systemic banks in 13 European countries25. The 

third group used combinations of macroeconomic and financial indicators as 

provided from the Macroeconomic Imbalance Procedure (MIP) Scoreboard26 and 

Datastream. Tables 4.1, 4.2 and 4.3 displays descriptive statistics of the variables 

used in the analysis over the period 2001 to 201527. 

 

  

                                                           
24 A full list of the data-set is provided in the Appendix, accompanied with the relevant description 

per indicator (Table A.2, Table A.3 and Table A.4). 

25 The reason for incorporating systemic banks is stemming from the new regulatory regime that took 

place after the recent financial crisis. By definition a systemic bank is an institution whose failure 

could trigger a financial crisis. 

26 The indicators in the Macroeconomic Imbalance Procedure (MIP) Scoreboard can be found in 

https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=The_Macroeconomic_Imbalance_Procedure_(MIP)_introduced (Eurostat). 

27 The time-span varies across the systemic banks and in some cases across the countries w.r.t. 

macroeconomic and financial data. 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=The_Macroeconomic_Imbalance_Procedure_(MIP)_introduced
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=The_Macroeconomic_Imbalance_Procedure_(MIP)_introduced
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Table 4.1: Descriptive Statistics of the Profitability Ratios 

Variables (%) Mean Std. Dev. Min Max 

Interest Income on Loans / 

Average Gross Loans 
4.70 2.13 0.10 32.03 

Interest Income / Average 

Earning Assets 
3.98 1.82 0.60 17.81 

Interest Expense / Average 

Interest-Bearing Liabilities 
2.68 1.79 0.20 17.31 

Net Interest Income / 

Average Earnings Assets 
1.47 0.78 -0.26 4.62 

Non-Interest Income / 

Gross Revenues 
34.62 38.20 -320 703.24 

Non-Interest Expense / 

Gross Revenues 
62.18 33.86 -348.87 432.36 

Pre-Impairment Operating 

Profit / Average Equity 
15.03 24.60 -549.33 57.00 

Operating Profit / Average 

Equity 
3.44 48.70 -836.38 39.33 

Operating Profit / Average 

Total Assets 
0.34 0.97 -12.30 3.06 

Taxes / Pre-Tax Profit 19.01 69.07 -898.92 585.71 

Operating Profit / Risk 

Weighted Assets 
0.73 1.92 -21.27 5.31 

Net Income / Average 

Total Equity 
2.91 31.91 -610.93 36.38 

Net Income / Average 

Total Assets 
0.23 0.98 -15.25 2.17 

Fitch Comprehensive 

Income / Average Total 

Equity 

2.49 35.26 -556.5 84.5 

Fitch Comprehensive 

Income / Average Total 

Assets 

0.22 1.04 -15.42 3.59 

Net Income / Risk 

Weighted Assets 
0.44 1.96 -27.7 4.05 

Fitch Comprehensive 

Income / Risk Weighted 

Assets 

0.49 2.18 -27.59 8.7 

Tier 1 Regulatory Capital 

Ratio 
11.07 4.64 3.40 44.02 

Equity / Total Assets 5.31 2.75 -0.36 24.84 

Net Income – Cash 

Dividends / Total Equity 
1.03 36.17 -682.05 362.14 

 



 

77 
 

Table 4.2: Descriptive Statistics of the Loan Quality Ratios 

Variables (%) Mean Std. Dev. Min Max 

Growth of Total Assets 4.29 17.04 -62.58 201.75 

Growth of Gross Loans 4.85 18.78 -88.68 204.37 

Impaired Loans (NPLs) / 

Gross Loans 5.54 5.53 0.03 34.94 

Reserves for Impaired 

Loans / Gross Loans 3.01 2.74 0.02 20.64 

Reserves for Impaired 

Loans / Impaired Loans 71.46 60.19 0.19 583.71 

Impaired Loans less 

Reserves for Impaired 

Loans / Equity 

32.51 56.30 -179.18 799.17 

Loan Impaired Charges / 

Average Gross Loans 0.76 1.09 -1.27 13.25 

Impaired Loans + 

Foreclosed assets / Gross 

Loans + Foreclosed Assets 

5.75 5.69 0.03 34.94 

 

Table 4.3: Descriptive Statistics of the Macroeconomic and Financial Indicators 

Variables (%) Mean Std. Dev. Min Max 

Government Bond Yield 

(%) 
3.80 1.34 0.54 13.31 

House Price Index  

Annual % Change 
3.05 6.50 -30.06 30.18 

Stock Exchange 

Annual % Change 
1.99 18.97 -44.57 51.68 

Balance on Current 

Account as % of GDP 
0.87 4.79 -12.12 10.90 

Government Budget 

Deficit/Surplus as % of 

GDP 

-2.82 3.41 -32 5.10 

GDP Growth (%) 1.19 2.66 -9.26 27.86 

Debt as % of GDP 72.24 25.84 24.73 134.13 

Inflation (%) 1.83 1.17 -4.46 4.92 

Private Sector Credit Flow 

as % of GDP 
5.80 8.43 -11.20 40.90 

Private Sector Debt as % 

of GDP 
146.22 42.98 79.70 303.40 
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Long-Term 

Unemployment (%) 
0.20 2.18 -5.70 6.90 

Real Effective Exchange 

Rate (%) 
0.17 5.33 -20.40 18.40 

Net International 

Investment Position as % 

of GDP 

-17.03 43.85 -208 65.2 

1 year Euribor (%) 2.42 1.38 0.33 4.75 

Domestic Market Value 

Annual % Change 
4.15 22.45 -65.46 74.02 

Banking Sector Index  

Annual % Change 
1.72 0.42 0.24 4.04 

Banking Beta (%) 1.30 0.42 0.24 4.04 

 

For each of these three groups, lagged versions (up to three years) were 

generated for the purposes of measuring the predictive power, thus identifying 

possible systemic banking distress with respect to the NPLs. By using only lagged 

variables, the econometric models can be used as Early Warning System models 

since lagged data are available at the time the prediction is being made. 

The objective of this analysis are two-fold. First, the research aims to identify 

macroeconomic, financial and banking-specific leading indicators that might help to 

predict the excessive increase of the NPLs. Second, by implementing an econometric 

approach (Demirgüç-Kunt and Detragiache, 1998; Berg and Pattillo, 1999; Manasse, 

Roubini and Schimmelpfennig, 2003; Wong et al., 2010; Alessi et al., 2015) with the 

use of panel-data probit random effects models (hereafter PDPREM), the analysis 

attempts to measure the predictive performance of the models with respect to NPLs. 

In this chapter, the predictive performance of the models is measured by 

using the “Tjur Coefficient of Discrimination” (hereafter TCD) introduced by Tjur 

(2009). This statistic is used as a measure of goodness of fit and predictive power of 

econometric models. Tjur suggests measuring the performance of a binary choice 

model by comparing the average predicted probability of being in distress for those 

in distress, E(pr(y=1)|y=1), and comparing this to the average predicted probability 

for those not in distress E(pr(y=1)|y=0). A model that predicts perfectly would have 

a probability of 1 for those in distress and a probability of 0 for those not in distress, 

thus the Tjur coefficient of discrimination would equal 1. A model that predicts 
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randomly (i.e. very poorly) would have a probability of 0.5 for each outcome, 

leading to a coefficient of discrimination of 0. Finally, according to Tjur, the 

suggested purpose of the coefficient of discrimination is to be used as measurement 

of the suggested explanatory power. 

The panel dataset analysed here includes data for 85 systemic banks from 13 

EU Member States, of which 10 are Eurozone members since the introduction of the 

common currency28. The selection criteria of these countries (and thus their systemic 

banks) were constructed based on the following: 

1. The homogeneity of the common currency across these countries and 

therefore their banking system given 

a. they are subject to Monetary Policy from the ECB; 

b. the greater availability and lengthier time-span of the selected data 

that they provide. 

2. The dissimilar performance (for a number of the selected countries) of their 

Fiscal-Public and Banking-Private sectors, before, during and after the recent 

financial crisis.  

3. The excessive increase and in some cases prolonged persistence of the NPLs 

across the selected banks that belong to the Eurozone-EU country-set. 

Regarding the country selection criteria, the aim is to incorporate a wide 

spectrum of different Eurozone-EU countries, such as countries that implemented 

bail-out programmes, wealthy Eurozone-EU members that went through the recent 

financial crisis without facing major vulnerabilities in either public or private sectors 

and of course vulnerable Eurozone-EU members that are still facing challenges (in 

terms of their public and/or private financial sectors conditions). 

Hence, following the econometric approach in order to examine the leading 

indicators that can explain and predict the increased pace of the NPLs ratio and 

                                                           
28 A full list of the selected systemic banks is provided in the Appendix (Table A.5). These 85 

systemic banks were retrieved from the “Results of 2014 EU‐wide stress test” of European Banking 

Authority (EBA), October 2014. It is worth mentioning that in the first sample, 97 systemic banks 

were incorporated, however, given the data availability for a number of them it was decided to include 

85 of them. 
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consequently any possible distress probabilities for the systemic banking-set, the 

following equations for the probit models were estimated given the above described 

groups of panel data-sets29: 

Econometric Model 1: With respect to the Banking 

Profitability Ratios. 

 

tititi uKY ,,

*

,    

 

Econometric Model 2: With respect to the Banking 

Loan Quality Ratios. 

 

tititi vNY ,,

*

,    

 

Econometric Model 3: With respect to the 

Macroeconomic and Financial indicators. 

 
*

, , ,i t i t i tY MF w     

Econometric Model 4: With respect to the 

Combination of the Banking Profitability and Loan 

Quality ratios, Macroeconomic and Financial 

indicators. 

 
*
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 The rationale for adopting a step-wise approach and implementing models 1-

3 in the first instance, analysing each group of variables separately from the others, is 

that it permits understanding of how predictive these variables were in the absence of 

other data sources. Subsequently, with the fourth econometric model, the above three 

groups of variables were combined into one model affording the ability to identify 

their collective impact and thus their relative importance in predicting banking 

distress based on NPLs. If the three groups of indicators were orthogonal, the results 

would be in line with the results from individual models30. If the three groups of the 

                                                           
29 Probit and Logit models have many similarities, according to Cameron & Trivedi (2009) “It is well 

known that logit and probit models have similar shapes for central values of cumulative distribution 

function (hereafter CDF) F(.) but differ in the tails as c.d.f. F(.) approaches 0 or 1” (Cameron and 

Trivedi, 2009, p. 465); According to the logit model, F(.)=Λ(.) that is the CDF of the logistic 

distribution, whereas, for probit model F(.)=Φ(.) that is the standard normal CDF. For more 

information regarding the binary logit and probit panel data random effects models, see chapter 14 

Cameron and Trivedi (2009). The decision to use the probit version relies on the fact that there is no 

real basis for deciding whether the unobserved latent variables idiosyncratic shock follows a normal 

distribution as in probit or a logistic distribution as in logit. In practice both models tend to give 

similar answers, therefore by using the probit version the target is achieved without losing 

predictability power for possible distress identification. 

30 The term “orthogonal” refers to the strongest version of independence. 
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independent variables were correlated (as it is likely), the individual econometric 

models (i.e. econometric models 1, 2 and 3 respectively) would suffer from omitted 

variable bias. The combined econometric model (i.e. econometric model 4) 

accommodates this correlation thus identifying the combination of the independent 

variables across the three groups that are most predictive. 

Given that propensity for banking distress (
*

,tiY ) is an underlying 

unobservable (latent) variable  *

,tiY  only actual distress ( tiY , ) is observable 

and is defined as whether the NPLs ratio exceed some threshold, where i identifies 

the systemic banks and t the year. Two thresholds were considered of the dependent 

variable: 

Threshold 1 

,

1, 5%

0,otherwise
i t

if NPLs
Y


 


 

Threshold 2 

,

1, 10%

0,otherwise
i t

if NPLs
Y


 


 

 

The second threshold follows the first out of four criteria proposed by 

Demirgüç-Kunt and Detragiache (1998) as presented in Chapter 331. Hence, 

according to this criterion, an economy is considered to be under distress if the 

banking system’s NPLs exceed 10% of the total loans. The hypothesis being tested 

uses this criterion and extends it by making the following assumption: 

 Since an economy is considered to be under distress if its banking system’s NPLs 

exceeds 10% of the total loans32; it could also be the case that the systemic 

banking system of that economy is under distress too. 

On the other hand, the other threshold, threshold 1 (i.e. NPLs ≥ 5%), follows 

a statistical rationale. The statistical rationale (explained analytically in Table 4.4 in 

the results part of this chapter) suggests that when a systemic bank is facing 

increased values of NPLs, then it is highly probable (given the results) that it will 

                                                           
31 In this instance adopting the J. Wong et al. (2010) footnotes 11 & 12 that support the use of the 

above mentioned criterion for banking stress events and crises. 

32 As mentioned earlier, the proxy for the dependent variable is the Impaired Loans (NPLs)/Gross 

Loans ratio. The first criterion uses the ratio of the NPLs/Total Loans. 
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continue to see its NPLs levels increase for the following year(s). In other words, the 

NPLs problem is a prolonged problem. Therefore, a tighter but also a realistic 

threshold value was examined that could indicate a possible distress that could rise in 

the following year(s)33.  

Consequently, taking into account the above-mentioned two threshold values 

for NPLs with respect to Yi,t, the estimated probability for the identification of the 

increased values of the NPLs and subsequently a possible distress, is given by 

Pr(Yi,t=1)=Φ(
*

,tiY ). The values Φ(
*

,tiY ) for the probit models are constrained to lie 

between 0 and 1 for any potential value of  *

,tiY  as it is a CDF34. 

Finally, Ki,t-, Ni,t- and MFi,t- are vectors of the lagged (i) Profitability ratios, 

(ii) Loan Quality ratios and (iii) Macroeconomic and Financial indicators –

explanatory variables– to identify the probability of being distressed according to the 

models at time t and α, β and γ and a, b and c respectively are the vectors of the 

analogous estimated coefficients. Last but not least, the error terms ui,t, vi,t, wi.t and 

ei,t respectively, were assumed to be independent and identically distributed (i.i.d.) 

variables: 
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ηi, οi, θi and ri respectively capture the time-invariant banking specific factors that 

are not reflected in the vectors of the explanatory variables Ki,t-, Ni,t- and MFi,t-. All 

the above represent the specification following the random effects models according 

to the panel-data probit econometric technique (Cameron and Trivedi, 2009). 

  

                                                           
33   Appendix Figures A.1 shows the pace of the NPLs per systemic bank per country, where the 

threshold values of 5% and 10% are incorporating. 

34 Similar methodological explanation for a probit model can be found in J. Wong et al. (2010). 
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4.4 Estimation Results 

We consider two thresholds for the binary dependent variable (Yi,t) both 

defined with respect to the Impaired Loans (NPLs) / Gross Loans indicator. For the 

first threshold, ,

1, 5%

0,otherwise
i t

if NPLs
Y


 


 we observe that 93% of the 85 systemic banks 

that did not face a situation of NPLs ≥ 5% in year t they also did not face such a 

situation in t+1. However, 92% of the 85 systemic banks for which the NPLs 

exceeded the 5% threshold in year t, continued to record NPLs exceeding 5% in t+1. 

Similar results were observed with the second threshold value for the NPLs

,

1, 10%

0,otherwise
i t

if NPLs
Y


 


  (Table 4.4).  

In other words, the appearance of high levels of the NPLs suggests a 

persistent problem for at least 2 consecutive years. This suggests the need for the 

NPLs problem to be confronted early before the NPLs levels become entrenched as 

was the case for a number of systemic banks in various Eurozone-EU Member 

States35. 

Table 4.4: Panel Summary of the Dependent Variables based on the two Yi,t 

threshold values 

tiY ,  
1, 5%

0,otherwise

if NPLs 



 
1, 10%

0,otherwise

if NPLs 



  

 0 1 0 1 Total 

0 93% 7% 97% 3% 100% 

1 8% 92% 9% 91% 100% 

Total 73% 27% 89% 11% 100% 

 

As discussed in the introductory section, the analysis attempted to identify 

banking-specific as well as macroeconomic and financial variables that act as 

leading indicators. These leading indicators are able to enhance the predictive power 

of the PDPREM, for the identification of possible systemic banking distress, given 

the threshold values that were established for the NPLs ratio. Thus, for the 

identification of these leading indicators, the econometric backward-stepwise 

                                                           
35 Figures A.1 in the Appendix. 
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technique that highlights such variables was used to identify the most relevant 

variables36. Regarding the interpretation of the results, the average marginal effects 

captures the effect of the covariates (i.e. independent variables) on the probability of 

the Yi,t (i.e. binary dependent variable) to exceed the cut-off threshold values at 5% 

and 10% respectively. 

For the Banking Profitability ratios, the PDPREM that follows the first 

threshold of NPLs and includes the form of lagged explanatory variables at time t-1, 

provide nine leading indicators that significantly affect the binary dependant variable 

and suggest the higher (between the two threshold values w.r.t. the dependent binary 

variable) predictive power (based on the Tjur Coefficient of Discrimination (TCD) 

statistic) that is 0.5020 (Table 4.5): 

Table 4.5: Estimation Results of the PDPREM for the Banking Profitability Ratios 

(pr) at time t-1 for possible Banking Distress given the NPLs / Gross Loans ratio at 

time t 

Panel 

81 Systemic Banks 

No of Observations 

690 

Probit 

Cut-off value for tiY ,  

5% 

Panel 

82 Systemic Banks 

No of Observations 

702 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables pr_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables pr_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Interest Income on 

Loans / Average 

Gross Loans 

-0.0247* 0.0145 Interest Income on 

Loans / Average 

Gross Loans 

-0.0404*** 0.0138 

Interest Income / 

Average Earning 

Assets 

0.6693*** 0.1773 Interest Income / 

Average Earning 

Assets 

0.0203 0.0272 

Interest Expense / 

Average Interest-

Bearing Liabilities 

-0.6751*** 0.1692 Interest Expense / 

Average Interest-

Bearing Liabilities 

-0.0279 0.0277 

Net Interest Income 

/ Average Earnings 

Assets 

-0.5677*** 0.1870 Pre-Impairment 

Operating Profit / 

Average Equity 

0.0044*** 0.0016 

Non-Interest 

Expense / Gross 

Revenues 

0.0004 0.0006 
Operating Profit / 

Risk Weighted Assets 

-0.0587*** 0.0204 

Pre-Impairment 

Operating Profit / 

Average Equity 

0.0124*** 0.0022 
Net Income / Average 

Total Assets 

-0.2485*** 0.0736 

                                                           
36 Stepwise regression is a semi-automated process of building a model by successively adding or 

removing variables based solely on the t-statistics of their estimated coefficients. 
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Operating Profit / 

Risk Weighted 

Assets 

-0.2502*** 0.0321 Fitch Comprehensive 

Income / Average 

Total Equity 

0.0031** 0.0016 

Net Income / 

Average Total 

Assets 

-0.6245*** 0.0994 
Net Income / Risk 

Weighted Assets 

0.1020*** 0.0372 

Net Income / Risk 

Weighted Assets 

0.2271*** 0.0399 Fitch Comprehensive 

Income / Risk 

Weighted Assets 

-0.0318* 0.0195 

Tier 1 Regulatory 

Capital Ratio 

-0.0038 0.0065 
Equity / Total Assets 

0.0137** 0.0070 

Equity / Total 

Assets 

0.0576*** 0.0121 
 

  

Predictive Power 0.5020 Predictive Power 0.3527 

Notes 
(i) pr_lag(i) refers to the ith year lag of the variables pr that in this instance is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 

 

In addition to the above table, the predictive power results with the lagged 

explanatory variables at time t-2 and t-3 are presented in Table 4.6. One year before 

the actual event (i.e. the dependant binary variable is equal to one) the predictive 

power of the model for both thresholds is noticeably high. It is also important to note 

that the predictive power increase as the lags get shorter37. 

Table 4.6: Predictive Power of the PDPREM with respect to the Banking 

Profitability Ratios 

lag(i) 
Probit 

Cut-off value for tiY ,  5% 
lag(i) 

Probit 

Cut-off value for tiY ,  10% 

lag1 0.5020 lag1 0.3527 

lag2 0.4350 lag2 0.2783 

lag3 0.3552 lag3 0.2258 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables pr that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric models of the profitability ratios lagged at time t-1 provide the highest predictive 

power for a possible banking distress at time t. 

 

Based on the descriptions of the above leading indicators that are lagged at 

time t-1, as well as the accompanying theoretical and empirical framework that 

                                                           
37 The estimation results of the PDPREM for the Banking Profitability Ratios (pr) at time t-2 and t-3 

for possible Banking Distress given the NPLs / Gross Loans ratio at time t can be found in Appendix, 

Table A.6 and Table A.7. 
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already was presented, we interpret the results in Table 4.5 for the statistically 

significant variables as follows: 

1.  Interest Income on Loans / Average Gross Loans is statistically significant at 

the 10% level and has a negative sign as expected, suggesting that a one 

percentage point increase of this interest profitability ratio would decrease the 

probability of possible banking distress by 0.0247 (2.47 percentage points). That 

is because this ratio represents the earnings that the bank receives on its loans. A 

low level of NPLs implies a high proportion of performing loans and therefore 

higher earnings on the bank’s loan book, ceteris paribus. 

2. Interest Income / Average Earning Assets is positively correlated with NPLs. 

As NPLs are not part of a bank’s “earning assets”, the result suggests that banks 

with large NPLs are charging higher interest rates, and therefore earning higher 

interest income, on the performing parts of their loan books. Banks with high 

NPLs may be engaging in this pricing strategy to try to compensate for the loss 

of earnings associated with NPLs. 

3. Interest Expense / Average Interest-Bearing Liabilities ratio is negatively 

correlated with NPLs and represents the cost of money given the average interest 

rate that a bank borrows money. One explanation for the negative sign is that the 

increased NPLs values are potentially preceding the blended costs of the total 

debt funding that this ratio represent. 

4. Net Interest Income / Average Earnings Assets, is negatively related to a 

possible banking distress with respect to NPLs. This ratio represent the spread 

between the net interest income that a bank receives and its earnings assets. The 

higher the net interest income the lower the NPLs since the NPLs do not belong 

to the banks’ earnings assets. 

5. Pre-Impairment Operating Profit / Average Equity, is positively related with 

NPLs. The reason is that systemic banks with high NPLs may be engaging more 

dynamically with other activities such as insurance activities in order to increase 

their pre-impairment profits and compensate for the loss of earnings associated 

with bad loans. 

6. Operating Profit / Risk Weighted Assets ratio, with the expected negative sign, 

could potentially slow down if not alternate the NPLs increased values, since this 

ratio is inversely proportional with the NPLs. An increase of the banking 
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operating profits given their risk weighted assets, reduces the probabilities of 

high NPLs values and hence reducing possible systemic banking distress. 

7. Net Income / Average Total Assets is negatively correlated with NPLs since an 

increase of the total net income given a robust average of the total assets for the 

systemic banks sample, reduces the possibility of facing high NPLs values. 

8. Net Income / Risk Weighted Assets is positively correlated with NPLs. The 

reason for the positive sign is probably the inability of banks to timely adjust and 

classify their assets, as loans are, in order to determine their actual exposure to 

possible losses. Therefore, the higher the net income given the misjudged risk 

weighted assets the higher the future levels of NPLs. 

9. Finally, Equity / Total Assets observed as positive and significant at the 1% 

level. Thus a one percentage point increase of this ratio has an estimated average 

marginal effect of 0.0576 (i.e. 5.76 percentage points) on the probability of 

banking distress. This ratio characterises the need of the stockholders to 

proportionately finance the total assets of a systemic bank. A strong liquidity 

injection to bank’s assets could indicate banking losses and increased distress 

probabilities. One major perpetrator of such an event is the increased pace of the 

NPLs values. 

The analysis incorporating the second PDPREM with respect to Loan Quality 

ratios highlights stronger predictive power (based on the TCD) across both threshold 

values for the NPLs ratio. The model that follows the second threshold regarding the 

dependent variable (i.e. NPLs ≥ 10%) provide slightly stronger predictive power at 

0.7625, comparing to the first threshold (i.e. NPLs ≥ 5%) of the dependent variable 

at 0.7168. 

One explanation for the stronger predictive power of the second threshold 

value (NPLs ≥ 10%) in comparison with the first one (NPLs ≥ 5%) is that the banks 

may need time to identify and categorise loans that are included in the NPLs 

category. Additionally, it is highlighted that from the eight Loan Quality Ratios only 

three proved to be statistically significant (all of them at the 1% level) at the cut-off 

value of 10% and two for the cut-off value at 5% (Table 4.7): 
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Table 4.7: Estimation Results of the PDPREM for the Banking Loan Quality Ratios 

(lq) at time t-1 for possible Banking Distress given the NPLs / Gross Loans ratio at 

time t 

Panel 

85 Systemic Banks 

No of Observations 

735 

Probit 

Cut-off value for tiY ,  

5% 

Panel 

85 Systemic Banks 

No of Observations 

726 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables lq_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables lq_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Loan Impaired 

Charges / Average 

Gross Loans 

0.1418*** 0.0249 Reserves for Impaired 

Loans / Impaired 

Loans 

0.0005*** 0.0001 

Impaired Loans + 

Foreclosed assets / 

Gross Loans + 

Foreclosed Assets 

0.0661*** 0.0041 
Loan Impaired 

Charges / Average 

Gross Loans 

0.0487*** 0.0108 

 

  Impaired Loans + 

Foreclosed assets / 

Gross Loans + 

Foreclosed Assets 

0.0270*** 0.0019 

Predictive Power 0.7168 Predictive Power 0.7625 

Notes 
(i) “lq_lag(i)” refers to the ith year lag of the variables lq that in this instance is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 

 

The predictive power results with the lagged explanatory variables at time t-2 

and t-3 are included below (Table 4.8). These results suggest that the predictive 

power of this model two and three years before the actual event is reasonably high, 

increasing the signalling window for policy makers to confront stressful periods, 

such as the ones that the Eurozone faced regarding the NPLs38. 

  

                                                           
38 The estimation results of the PDPREM for the Loan Quality Ratios (lq) at time t-2 and t-3 for 

possible Banking Distress given the NPLs / Gross Loans ratio at time t can be found in Appendix, 

Table A.8 and Table A.9. 
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Table 4.8: Predictive Power of the PDPREM with respect to the Banking Loan 

Quality Ratios 

lag(i) 
Probit 

Cut-off value for tiY ,  5% 
lag(i) 

Probit 

Cut-off value for tiY ,  10% 

lag1 0.7168 lag1 0.7625 

lag2 0.5409 lag2 0.5087 

lag3 0.3662 lag3 0.3253 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables lq that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric models of the loan quality ratios lagged at time t-1 provide the highest predictive 

power for a possible banking distress at time t. 

 

 Turning to the Loan Quality ratios, the results can be interpreted as follows:  

1. Reserves for Impaired Loans / Impaired Loans, observed as positive and 

significant at the 1% level. This ratio indicates the systemic bank’s 

ineffectiveness of early detection of possible impaired loans, which in turn 

enhances the NPLs levels in terms of their rapid growth for the following years. 

2. Loan Impaired Charges / Average Gross Loans is positively related with the 

NPLs and indicates that the higher the charges of impaired loans given the 

average gross loans, the higher the probability for increased NPLs values and 

consequently the higher probabilities for possible banking distress as the 

dependant variable will be equal to one.  

3. Similarly, Impaired Loans + Foreclosed assets / Gross Loans + Foreclosed 

Assets, suggests that the banks’ increasing levels of deteriorating loans with the 

simultaneous dropping levels of the charge-offs since the loan holders are unable 

to respond to these charges, increases a possible banking distress situation. 

 With respect to the Macroeconomic and Financial indicators, the models with 

the independent variables lagged 1 period shows the strongest predictive power 

(Table 4.9). This is an indication that a problematic macroeconomic as well as 

financial environment at time t can increase the NPLs levels above the suggested 

cut-off threshold values at time t+1. 
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Table 4.9: Estimation Results of the PDPREM for the Macroeconomic as well as 

Financial indicators (mf) at time t-1 for possible Banking Distress given the NPLs / 

Gross Loans ratio at time t 

Panel 

85 Systemic Banks 

No of Observations 

959 

Probit 

Cut-off value for tiY ,  

5% 

Panel 

85 Systemic Banks 

No of Observations 

955 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables 

mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

House Price Index 

Annual % Change 

-0.0077*** 0.0023 House Price Index 

Annual % Change 

-0.0025* 0.0014 

Stock Exchange 

Annual % Change 

-0.0022*** 0.0007 Domestic Market 

Value 

Annual % Change 

-0.0014*** 0.0003 

Banking Sector 

Index 

Annual % Change 

0.0007** 0.0003 
Real Effective 

Exchange Rate (%) 

-0.0052*** 0.0015 

Private Sector 

Debt as % of GDP 

0.0024*** 0.0005 Current Account 

Balance as % of 

GDP 

-0.0016 0.0031 

Private Sector 

Credit Flow as % 

of GDP 

-0.0072*** 0.0024 
Long-Term 

Unemployment (%) 

0.0275*** 0.0033 

Inflation (%) 

0.0293*** 0.0095 Banking Sector 

Index 

Annual % Change 

0.0004** 0.0002 

Debt as % of GDP 0.0055*** 0.0007 Debt as % of GDP 0.0035*** 0.0006 

Long-Term 

Unemployment 

(%) 

0.0178** 0.0085 

 

  

Predictive Power 0.4526 Predictive Power 0.5183 

Notes 
(i) “mf_lag(i)” refers to the ith year lag of the variables mf that in this instance is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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The predictive power results with the lagged explanatory variables at time t-2 and t-3 

in the Table 4.10 are presented below39: 

Table 4.10: Predictability Power of the PDPREM with respect to the Macroeconomic 

and Financial indicators 

lag(i) 
Probit 

Cut-off value for 
tiY ,
 5% 

lag(i) 
Probit 

Cut-off value for 
tiY ,
 10% 

lag1 0.4526 lag1 0.5183 

lag2 0.4167 lag2 0.4354 

lag3 0.3615 lag3 0.3918 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables mf that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric models of the macroeconomic & financial indicators lagged at time t-1 provide 

the highest predictive power for a possible banking distress at time t. 

  

In the analysis of the Macroeconomic and Financial indicators, interpretation 

of the significant results for this group of data are as follows: 

1. The House Price Index Annual % Change is significant at the 10% level and 

as expected negatively correlated with the NPLs. A sharp drop of this indicator, 

which represents the real estate market suggests high probabilities for increased 

NPLs as well as a possible banking distress situation. For example, as observed 

in Ireland and Spain after the collapse of the real estate market, the NPLs started 

increasing rapidly. 

2. Domestic Market Value Annual % Change represents the constituents of the 

sector/market lists for each country. In other words, this indicator represents the 

market value of the largest companies for each country. The negative marginal 

effect for this indicator was expected, suggesting that a drop of the market value 

of the major companies in a country will lead to an expansion of the NPLs 

assuming that these companies will face difficulties to face their debt obligations 

to the banking system. 

3. The Real Effective Exchange Rate is negatively related with the NPLs and 

suggests that a decrease of this indicator increases the probabilities for higher 

NPLs values and hence raises possible distress for the banks. One explanation is 

                                                           
39 Estimation Results of the PDPREM for the Macroeconomic as well as Financial indicators (mf) at 

time t-2 and t-3 for possible Banking Distress given the NPLs / Gross Loans ratio at time t can be 

found in Appendix, Table A.10 and Table A.11. 
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that this indicator represent the country’s competitiveness. For example, Ireland 

was forced to increase taxes and reduce public sector wages in order to address 

the consequences of a burst property bubble and a loss of competitiveness. One 

major consequent effect was the increase of the NPLs. 

4. Long-Term Unemployment is positively related to the NPLs as expected. The 

higher the unemployment, the higher the expectation for future excessive NPLs 

levels as the unemployed are facing difficulties to face their debt obligations to 

the banks. 

5. Banking Sector Price Index are positively related to the NPLs. The rationale 

behind the sign of this leading indicator is the high levels that this indicator 

exhibited before the recent financial crisis, suggesting a bubble in this area that 

can cause in the near future high NPLs levels and consequently banking distress. 

Also, it should be noted that given the banking recapitalizations that took place 

after the financial crisis the banking sectors price index in the majority of the 

countries from the selected country-set started increasing while gradually the 

NPLs levels in the systemic banks of these countries started rising as well. 

6. Finally, Debt as % of GDP, is positive and significant at the 1% level. Thus a 

one unit increase of this indicator has an estimated average marginal effect of 

0.0035 on the probability of banking distress. A rise in a country’s debt levels 

can lead to a fall in its economic activity. As discussed in Chapter 2, the inability 

of the sovereign to service the public debt, as it happened in a number of 

Eurozone members, is also leading the banks to deleverage in the face of 

solvency problems and economic uncertainty. Consequently, recessionary 

measures are taking place and one of the results of these measures is that the 

NPLs levels rose significantly above their pre-crisis levels. 

 The last econometric model includes a combination of the leading indicators 

across the three groups that are most predictive based on the previous models. As 

presented in the Table 4.11 below, the second threshold (NPLs ≥ 10%) of the 

dependent variable, which incorporates lagged variables at time t-1 provides the 

highest predictive power at 0.8500. It is worth mentioning, that the econometric 

model that follows the second threshold value for NPLs (NPLs ≥ 5%) provides 

similar strength regarding the predictive power 0.8140. 
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Table 4.11: Estimation Results of the PDPREM with the combination of Banking, 

Macroeconomic and Financial indicators (pr, lq & mf) at time t-1 for possible 

Banking Distress given the NPLs / Gross Loans ratio at time t 

Panel 

79 Systemic Banks 

No of Observations 629 

Probit 

Cut-off value for tiY ,  

5% 

Panel 

80 Systemic Banks 

No of Observations 636 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory Variables 

pr/lq/m_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory Variables 

pr/lq/m_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Interest Income on 

Loans / Average Gross 

Loans 

0.0008 0.0092 
Interest Income on Loans 

/ Average Gross Loans 

-0.5423 0.4812 

Interest Income / 

Average Earning 

Assets 

-0.0055 0.0622 
Interest Income / 

Average Earning Assets 

0.8832 0.8946 

Interest Expense / 

Average Interest-

Bearing Liabilities 

0.0032 0.0602 Interest Expense / 

Average Interest-Bearing 

Liabilities 

-0.3829 0.7713 

Net Interest Income / 

Average Earnings 

Assets 

0.0117 0.0678 Pre-Impairment 

Operating Profit / 

Average Equity 

-0.0184 0.0564 

 Non-Interest Expense / 

Gross Revenues  

0.00005 0.0002 Operating Profit / Risk 

Weighted Assets 

-0.0807 0.5922 

Pre-Impairment 

Operating Profit / 

Average Equity 

0.0033** 0.0015 
Net Income / Average 

Total Assets 

0.0036 1.338 

Operating Profit / Risk 

Weighted Assets 

-0.0615*** 0.0189 Fitch Comprehensive 

Income / Average Total 

Equity 

0.0714 0.0490 

Net Income / Average 

Total Assets 

-0.1775*** 0.0596 Net Income / Risk 

Weighted Assets 

0.5042 0.7091 

Net Income / Risk 

Weighted Assets 

0.0690*** 0.0211 Fitch Comprehensive 

Income / Risk Weighted 

Assets 

-1.2852* 0.7210 

Tier 1 Regulatory 

Capital Ratio 

-0.0076* 0.0044 
Equity / Total Assets 

-0.0020 0.2213 

Equity / Total Assets 
0.0065 0.0062 Reserves for Impaired 

Loans / Impaired Loans 

0.0226** 0.0091 

Loan Impaired Charges 

/ Average Gross Loans 

0.0604** 0.0273 Loan Impaired Charges / 

Average Gross Loans 

0.6385 0.8037 

Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0732*** 0.0043 Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.9627*** 0.3158 

House Price Index 

Annual % Change 

-0.0084** 0.0036 House Price Index 

Annual % Change 

-0.0036* 0.0019 

Stock Exchange 

Annual % Change 

-0.0025*** 0.0009 Domestic Market Value 

Annual % Change 

-0.0001 0.0004 

Banking Sector Index 

Annual % Change 

0.0014*** 0.0003 Real Effective Exchange 

Rate (%) 

-0.0029** 0.0013 

Private Sector Debt as 

% of GDP 

-0.0005 0.0004 Current Account Balance 

as % of GDP 

-0.0024 0.0024 

Private Sector Credit 

Flow as % of GDP 

0.0031 0.0022 Long-Term 

Unemployment (%) 

-0.0007 0.0047 
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Inflation (%) 
0.0167** 0.0082 Banking Sector Index 

Annual % Change 

-0.0002 0.0002 

Debt as % of GDP 0.0001 0.0005 Debt as % of GDP 0.0003 0.0003 

Long-Term 

Unemployment (%) 

-0.0069 0.0074 
 

  

Predictive Power 0.8140 Predictive Power 0.8500 

Notes 
(i) “pr_lag(i), lq_lag(i) & mf_lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this 

instance is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively.  

 

Despite the fact that the individual models for each group of the selected data 

provide a relatively large number of leading indicators for the prediction of banking 

distress based on the NPLs levels; when these data are combined in a single model, 

correlations among them reduces their significance. The final composite PDPREM 

suggests the following as leading indicators: 

a) One Banking Profitability ratio: 

i. Fitch Comprehensive Income / Risk Weighted Assets, is negatively 

correlated with NPLs as expected and significant at the 10% level. A one 

percentage point increase of this ratio has the estimated marginal effect of 

-1.2852 on the probability that the binary dependant variable is equal to 

1. Since this ratio reflects the banking activity, the higher the gains given 

the bank’s risk weighted assets the lower the expectations for high NPLs 

levels. As already mentioned, low NPLs levels reflects a high level of 

performing loans and therefore higher gains for the banks. 

b) Two Loan Quality ratios: 

i. Reserves for Impaired Loans / Impaired Loans and  

ii. Impaired Loans + Foreclosed assets / Gross Loans + Foreclosed 

Assets. 

 The interpretation of these ratios are in line with the interpretation above 

regarding the PDPREM that incorporated the Loan Quality ratios. 

c) Two indicators form the group of Macroeconomic and Financial variables: 

i. House Price Index Annual % Change and 

ii. Real Effective Exchange Rate. 

Similarly with the Loan Quality ratios, the interpretation of these leading 

indicators are in line with the interpretation above regarding the 

PDPREM that incorporated the Macroeconomic and Financial variables. 
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The predictive power results with the lagged explanatory variables at time t-2 and t-

3 are presented below40 (Table 4.12): 

Table 4.12: Predictability Power of the PDPREM with respect to the combination of 

Banking and Macroeconomic indicators 

lag(i) 

Probit 

Cut-off value for 

tiY ,  5% 
lag(i) 

Probit 

Cut-off value for 

tiY ,  10% 

lag1 0.8140 lag1 0.8500 

lag2 0.6944 lag2 0.4605 

lag3 0.5578 lag3 0.5567 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric models of the profitability ratios, loan quality ratios, macroeconomic & financial 

indicators lagged at time t-1 provide the highest predictive power for a possible banking distress at time t. 

 

 

  

                                                           
40 Estimation Results of the PDPREM with the combination of Banking, Macroeconomic and 

Financial indicators (pr, lq & mf) at time t-2 and t-3 for possible Banking Distress given the NPLs / 

Gross Loans ratio at time t can be found in Appendix, Table A.12 and Table A.13. 
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4.5 Robustness 

In this section, it is tested the robustness of the combined econometric model 

that outperforms in terms of the predictability power the econometric models that 

utilise separately the banking-specific, macroeconomic and financial data. The 

robustness is tested in several ways and has as a primary target to further assist 

policymakers' for the prediction of banking distress based on the two suggested 

thresholds with respect to the NPLs (5% and 10% respectively). 

Therefore, the creation of two additional groups were deemed necessary in 

order to compare the results of the full sample models as they were presented in the 

Table 4.11 from the above.  More specifically, these two groups are namely the 

EMU Group and the Periphery Group. The first includes 10 Eurozone Member 

States and the second includes 4 Peripheral Eurozone Member States41, 42. 

In addition, robustness tests are applied in order to compare the predictive 

power of the econometric models too. Hence, the predictive power that is based on 

the Tjur Coefficient of Discrimination (TCD) is compared with the McFadden’s 

Pseudo R-Squared 2
ˆln ( )

1
ˆln ( )

Full

Intercept

L M
R

L M
  where MFull denotes the model with the 

predictors, MIntercept denotes the model without the predictors and L̂  denotes the 

estimated likelihood43. This metric suggests that if the model does not have a good 

explanatory power, then the log likelihood for the model will be similar to the log 

likelihood of a model excluding the covariates. Therefore the McFadden’s Pseudo R-

Squared would be close to zero. Otherwise, if the model does provide a good 

explanatory power then the McFadden’s Pseudo R-Squared would be close to 1. 

                                                           
41 The EMU group includes Ireland, Portugal, Finland, Austria, Belgium, the Netherlands, France, 

Spain, Italy and Germany. The Periphery group includes Ireland, Portugal, Spain and Italy. 

42 It should be mentioned that for the robustness tests, groups of Core Eurozone Member States were 

created too. Namely, these groups included Austria, Belgium, the Netherlands, France and Germany 

in various combinations. However, despite the combinations that were attempted for these countries 

(w.r.t. their systemic banks) the econometric models were unable to converge. One possible reason is 

that the systemic banks of these countries rarely exceeded the 5% and 10% threshold values. 

43 For more information regarding the McFadden’s Pseudo R-Squared see: 

https://stats.idre.ucla.edu/other/mult-pkg/faq/general/faq-what-are-pseudo-r-squareds/ 
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Table 4.13 below present the robustness comparative results between the 

Full-Sample econometric model with the EMU-Group econometric model as well as 

the Peripheral-Group econometric model too. 

Table 4.13: Robustness Comparative Results of the Full-Sample PDPREM (pr, lq & 

mf) with the EMU Group and the Peripheral Group at time t-1 for possible Banking 

Distress given the NPLs / Gross Loans ratio (5% Cut-off value) at time t 

Probit 

Cut-off value for tiY ,  5% 
Full Sample EMU Group 

Peripheral 

Group 

 
Panel 

79 Banks 

Obs. 629 

Panel 

67 Banks 

Obs. 516 

Panel 

31 Banks 

Obs. 265 

Explanatory Variables pr/lq/m_lag(i) Estimated Average Marginal Effects 

Interest Income on Loans / Average Gross 

Loans 

0.0008 0.0108** 
0.0156 

Interest Income / Average Earning Assets -0.0055 -0.0004 0.0040 

Interest Expense / Average Interest-Bearing 

Liabilities 

0.0032 0.0025 
-0.0016 

Net Interest Income / Average Earnings 

Assets 

0.0117 -0.0362 
-0.1107 

 Non-Interest Expense / Gross Revenues  0.00005 -0.0002 0.0007 

Pre-Impairment Operating Profit / Average 

Equity 

0.0033** 0.0048*** 
0.0017 

Operating Profit / Risk Weighted Assets -0.0615*** -0.0809*** 0.0196 

Net Income / Average Total Assets -0.1775*** -0.0484 0.0076 

Net Income / Risk Weighted Assets 0.0690*** 0.0489** -0.0426 

Tier 1 Regulatory Capital Ratio -0.0076* -0.0117** -0.0197* 

Equity / Total Assets 0.0065 0.0071 0.0027 

Loan Impaired Charges / Average Gross 

Loans 

0.0604** 0.0139 0.0913 

Impaired Loans + Foreclosed Assets / Gross 

Loans + Foreclosed Assets 

0.0732*** 0.0849*** 0.1201*** 

House Price Index 

Annual % Change 

-0.0084** -0.0042 -0.0234** 

Stock Exchange 

Annual % Change 

-0.0025*** -0.0045*** 
-0.0030** 

Banking Sector Index 

Annual % Change 

0.0014*** 0.0016*** 
0.0009 

Private Sector Debt as % of GDP -0.0005 -0.0007* -0.0011 

Private Sector Credit Flow as % of GDP 0.0031 0.0017 0. .0060 

Inflation (%) 0.0167** 0.0009 0.0270* 

Debt as % of GDP 0.0001 0.0011** 0. .0023* 

Long-Term Unemployment (%) -0.0069 0.0047 -0.0072 

Predictive Power TCD 0.8140 0.8276 0.8537 

Predictive Power R2 0.8517 0.8915 0.9482 

Notes 
(i) “pr_lag(i), lq_lag(i) & mf_lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this instance 

is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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The results of the robustness tests can be considered satisfying for several 

reasons. The suggested leading indicators from the EMU-Group are increased by 2 

in comparison to the Full-Sample model, namely the profitability ratio Interest 

Income on Loans / Average Gross Loans and the macroeconomic indicator Debt as 

% of GDP are both statistically significant at the 5% level. Furthermore, both metrics 

regarding the predictive power for the EMU model are increased. This increase 

allows to suggest that the econometric models that were created for the prediction of 

banking distress based on the NPLs (in this instance the threshold value is set at 5%) 

fit better for the Eurozone Member States.  

Moreover, when the Peripheral-Group is tested we can observe even higher 

predictive power from both TCD and McFadden’s Pseudo R-Squared. However, the 

leading indicators are less in comparison to the Full-Sample as well as to the EMU-

Group. Nonetheless, the estimated average marginal effects regarding the 

statistically significant leading indicators have the same sign and are getting stronger 

when we test only Eurozone Member States. The predictive power results with the 

lagged explanatory variables at time t-1, t-2 and t-3 for all the three models are 

presented below (Table 4.14): 
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Table 4.14: Predictability Power of the Robustness Comparative Results of the 

PDPREM with respect to the combination of Banking, Macroeconomic and 

Financial indicators (pr, lq & mf) 

Predictive Power 
Probit 

Cut-off value for tiY ,  5% 

 

TCD lag(i) 

 
Full Sample EMU Group Peripheral Group 

lag1 0.8140 0.8276 0.8537 

lag2 0.6944 0.7195 0.5124 

lag3 0.5578 0.5911 0.3160 

 

R2 lag(i) 

 
Full Sample EMU Group Peripheral Group 

lag1 0.8517 0.8915 0.9482 

lag2 0.7859 0.8312 0.9010 

lag3 0.7556 0.8016 0.8545 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric models of the profitability ratios, loan quality ratios, macroeconomic & financial 

indicators lagged at time t-1 provide the highest predictive power for a possible banking distress at time t. 

 

It should be also mentioned that the McFadden’s Pseudo R-Squared provide 

higher predictive power in comparison to the TCD one. Yet, both metrics are 

consistent and suggest significantly high predictive power for the prediction of 

banking distress. 

Furthermore, as Eurostat suggest, empirical evidence that is based on out-of-

sample forecast performance is generally considered as more trustworthy than the 

evidences that are based on in-sample performance, which can be more sensitive to 

outliers and data mining. In addition, out-of-sample forecasts could better reflect the 

information available to the policymakers in “real time”. Therefore, it is deemed 

necessary to not only create one out-of-sample model in order to identify the 

forecasting power of the econometric models but also to implement a permutation 

test and compare the results regarding the predictive power of the models too. 

Table 4.15 below presents the predictability power based on the TCD metric 

under four scenarios44. The first scenario randomly excludes 4 countries, namely 

                                                           
44 The reason for not utilising the McFadden’s Pseudo R-Squared is the difficulty to obtain the 

likelihood of the out-of-sample models. However, the robustness tests that already took place earlier 
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Ireland Portugal, Austria and Germany. The other three scenarios (that justify the 

permutation testing) exclude and hence forecast the predictive power for Ireland, 

Italy and Spain respectively. 

Table 4.15: Predictability Power of the Out-of-Sample Permutation Test PDPREM 

with respect to the combination of Banking, Macroeconomic and Financial 

indicators (pr, lq & mf) 

Predictive Power 

(TCD) 

Probit 

Cut-off value for tiY ,  5% 

 Excluding Countries 

lag(i) IE, PT, OE, BD IE IT ES 

lag1 0.7524 0.8287 0.7149 0.6572 

lag2 0.4484 0.6745 0.6283 0.6380 

lag3 0.3459 0.5459 0.5359 0.5152 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric models of the profitability ratios, loan quality ratios, macroeconomic & financial 

indicators lagged at time t-1 provide the highest predictive power for a possible banking distress at time t. 

(iii) IE, PT, OE, BD, IT & ES stand for the EMU Member States Ireland, Portugal, Austria, Germany, Italy 

and Spain respectively. 

  

The forecasting power of the out-of-sample models can be considered 

adequate since the predictive power based on the TCD is quite high. It is very 

interesting that when we exclude individually Eurozone countries (namely Ireland, 

Italy and Spain) the predictive power of the out-of-sample models remains high 

despite the slow “fadeout” that is observed (at lag2 and lag3 variables) with respect 

to the TCD predictive power. On the other hand, when randomly four Eurozone 

countries are excluded, at time t-1, the TCD is quite high (0.7524), however, the 

models lose faster their predictive power (always in comparison with the individual 

cases) when the variables that are incorporated are lagged at time t-2 and t-3 

respectively. 

 Last but not least, it should be highlighted that both the robustness tests as 

well as the out-of-sample forecasting for the prediction of banking distress based on 

the NPLs (in this instance the threshold value is at 5% for the indication of banking 

                                                           
on this section showed that both TCD and McFadden’s Pseudo R-Squared are consistent. Hence, 

TCD approach in order to measure the predictive power of the out-of-sample models is sufficient. 
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distress) are more than satisfying45. The almost identical leading indicators that 

suggest banking distress in addition to the high predictive power of the models 

(utilisation of both TCD and McFadden’s Pseudo R-Squared) suggest that the policy 

makers can potentially have an extra tool for the prediction of banking distress that is 

based on the NPLs –especially in the Eurozone. Furthermore, the out-of-sample 

forecasting predictive power could be consider as an extra evidence that the 

econometric models (PDPREM) that were created in this thesis for the prediction of 

banking distress based on the NPLs could further assist policy makers for 

safeguarding the economy as a whole from such events. 

  

                                                           
45 The robustness and out-of-sample results with the incorporated variables lagged at time t-2 and t-3 

are available upon request. Identical robustness analysis took place for the second threshold value i.e. 

banking distress when the NPLs exceed the 10%. The reason not presenting these results in the thesis 

is only for space-economy given the wide number of tests that took place and hence the wide number 

of result-tables required (42 result-tables in total for robustness and out-of-sample analysis w.r.t. 

banking distress). Yet, all the results are available upon request. 



 

102 
 

4.6 Conclusion 

This chapter presented, analysed and interpreted four econometric models 

that included separately as well as jointly, the main determinants that affect the NPLs 

levels, as identified by the literature. This analysis aims to identify the leading 

indicators of NPLs above certain threshold values. The results show that the 

predictive power of the model when the threshold is set at 5% is similar to the 

predictive power when the threshold is set at 10%, encouraging future empirical 

studies to set a threshold value for the NPLs at 5%, thus enabling tighter stress tests 

with respect to NPLs levels. 

Furthermore, by setting the cut-off value at 5%, identification of new leading 

indicators compared to the 10% threshold were possible since it could be argued that 

the NPLs are at the beginning of their evolution. In addition, a 5% cut-off value 

allow policy makers to timely step-in and prevent stressful periods regarding the 

NPLs that still affect a number of systemic banks across Eurozone. In summary, the 

models with the greatest predictive power, ranked from the highest to lowest are as 

follows: 

1. PDPREM combining Banking Profitability, Loan Quality, Macroeconomic and 

Financial indicators at time t-1 for banking distress given the NPLs/Gross Loans 

ratio at time t. 

2. PDPREM for the banking Loan Quality ratios at time t-1 for banking distress 

given the NPLs/Gross Loans ratio at time t. 

3. PDPREM for the Macroeconomic as well as annual country-based aggregated 

banking indicators, at time t-1 for banking distress given the NPLs/Gross Loans 

ratio at time t. 

4. PDPREM for the Banking Profitability Ratios at time t-1 for banking distress 

probabilities given the NPLs/Gross Loans ratio at time t. 

The importance of this categorization above is that it presents, first the rank 

of the predictive power per model and second, indicates potential framework in 

terms of analysing each group of determinants independently as well as jointly 

before NPLs increase sharply. By adopting a 5% threshold value, the collection of 

leading factors contributing to the potential of banking distress may be identified 

more efficiently, thus enabling more effective combative measures by policy makers. 
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Moreover, the effectiveness of these models attempted to be justified from 

the robustness and out-of-sample analysis that took place as well. Again, these 

results suggest that the econometric models with their recommended leading 

indicators (i.e. combination of banking-specific, macroeconomic and financial 

indicators that highlight the interconnectedness of the economy as whole) that were 

created to predict banking distress based on the NPLs could further assist the policy 

makers. 
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CHAPTER 5: Predicting Sovereign Distress in the 

Eurozone: A Probit Early Warning System Approach 
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5.1 Introduction 

The theoretical framework that was presented in Chapter 2 identified that the 

sovereign debt vulnerabilities and in some cases official crises that several Eurozone 

Member States faced were the outcome of the combination of banking and 

macroeconomic imbalances in the Eurozone. The rapid growth of banks’ balance 

sheets during the first decade of the common currency mainly because of the large 

capital inflows along with the decline of banks’ capital ratios created a bulimic 

banking system with increased risks. The financial crisis of 2007-8 revealed this 

unsound growth, leading to government interventions that damaged the debt 

sustainability of several Member States. In addition, debt sustainability was further 

damaged by macroeconomic imbalances such as high debt levels and lack of 

competitiveness (Alessandri and Haldane, 2011; Mody et al., 2011; Reinhart and 

Rogoff, 2011; Acharya, Drechsler and Schnabl, 2014; Balteanu and Erce, 2017). 

The effect on debt sustainability following government interventions to 

support banking systems was a core reason for the rapid increase of the sovereign 

bond spreads (GBS) for several Eurozone Member States (Figure 5.1).  The GBS 

spikes created severe pressures in the sovereign debt market that led several Member 

States to seek official EU and IMF assistance. 
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Figure 5.1: Government Bond Spreads in selected Eurozone Member States 

 

Data Source: Datastream 

Policy makers need time to rectify financial and economic imbalances and 

hence avoid stressful periods and crises. One strategy to assist policy makers to 

identify in a timely manner such imbalances is the use of EWS. The literature review 

of EWS presented in Chapter 3 suggests that these models can indicate the build-up 

of sovereign vulnerabilities early on which can consequently provide enough time to 

policy makers to prevent the occurrence of severe crises (Berg and Pattillo, 1999; 

Manasse, Roubini and Schimmelpfennig, 2003; Hemming, Kell and 

Schimmelpfennig, 2003; Ciarlone and Trebeschi, 2005; Bussiere and Fratzscher, 

2006; Fioramanti, 2008; Baldacci et al., 2011; Berti, Salto and Lequien, 2012; 

Babecký et al., 2013; Hernández De Cos et al., 2014; Alessi et al., 2015). 

This chapter seeks to build on the previous literature and enhance in several 

ways the EWS models currently available to policy makers. These enhancements 

include the identification of a country-specific threshold value for a possible 

sovereign distress that is based on the GBS for 13 advanced EU-EMU Member 

States. Also, this chapter uses banking, macroeconomic and financial variables in 

separate as well as combined in-sample panel data probit random effects models 

(PDPREM) for the identification of significant leading indicators for sovereign 

distress. Another improvement on the current models that is introduced is the 

-2

0

2

4

6

8

10

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

G
o

ve
rn

m
en

t 
B

o
n

d
 S

p
re

ad
s 

(%
)

Ireland Portugal Spain Italy Belgium



 

107 
 

measurement of the predictive power of the models along with the expansion of the 

signalling window. Finally, it is important to remember that the majority of previous 

EWS models focused on emerging economies with respect to currency and financial 

crises. This chapter extends the EWS literature by developing EWS models that are 

more suitable for advanced economies within a single currency area.  

This chapter consists of a short literature review regarding sovereign stress 

events and crises, a discussion of data and methodology, estimation and robustness 

results and final conclusions. 
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5.2 Literature Review 

As presented in Chapter 3, the literature on EWS models is abounding.  The 

initial focus of these types of models was on currency and banking crises mainly for 

emerging economies in Asia and Latin America (Hardy and Pazarbasioglu, 1998; 

Berg and Pattillo, 1999; Hardy and Pazarbas, 1999; Kaminsky and Reinhart, 1999; 

Reinhart, Goldstein and Kaminsky, 2000). However, later studies and especially 

after the recent financial crisis (RFC) included advanced economies such as the U.S. 

and EU members for the prediction of banking and sovereign crises (Manasse, 

Roubini and Schimmelpfennig, 2003; Hemming, Kell and Schimmelpfennig, 2003; 

Ciarlone and Trebeschi, 2005; E. P. Davis and Karim, 2008; Baldacci et al., 2011; 

Berti, Salto and Lequien, 2012; Babecký et al., 2014; Hernández De Cos et al., 

2014; Billio et al., 2016; Christofides, Eicher and Papageorgiou, 2016; Dabrowski, 

Beyers and de Villiers, 2016). The differences between these models vary according 

to the adopted methodologies, the crisis definitions and criteria as well as the data 

and country sets. 

Regarding the suggested methodologies, the empirical literature provides two 

core approaches, namely the “signalling” approach and the “econometric” approach 

based on logit or probit models. The “signalling” approach (also known as KLR) 

was initially created for currency crises, where critical thresholds were set for each 

examined indicator to signal crisis events (Kaminsky, Lizondo and Reinhart, 1998). 

The second method was introduced by Berg and Pattillo (1998) for the same type of 

crisis. They use a probit panel regression model, introducing a binary dependent 

variable that takes the value of one if a crisis occurs or zero otherwise. The 

econometric model is estimated and the significance of the coefficients of the various 

independent variables are noted. This method produces an estimate of the probability 

of the occurrence of a crisis given the changes of the predictive indicators. 

With respect to crisis definitions, the most recent literature suggest that 

“public debt crises” occur if an official debt default or debt rescheduling takes place 

(Detragiache and Spilimbergo, 2001). Manasse et al. (2003) extended this definition 

by adding the occurrence of a large-scale financial support introducing the “fiscal 

crises” definition that is an extension of the “public debt crises” one. The latest 

version of the “fiscal crises” definition is the “fiscal stress events” definition. This 
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definition is the one that is used in Baldacci et al. (2011) and follows the criteria in 

Cottarelli (2011). Fiscal stress events are defined as the events that occur after a 

public debt default or a near debt default or increased fiscal solvency risks that can 

lead to fiscal sustainability risks. 

Finally, regarding the data and country sets, previous studies have included 

macroeconomic, fiscal, financial and political variables for both emerging and 

advanced economies46. Consequently, based on the econometric approach, this 

chapter will introduce enhanced panel-data probit random effects models (hereafter 

PDPREM) for only advanced economies incorporating banking, macroeconomic and 

financial variables for the prediction of sovereign distress. 

   

                                                           
46 For more information regarding the different EWS approaches in greater details see (Abiad, 2003; 

Alessi et al., 2015) 
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5.3 Data and Methodology 

The literature suggests that the most important determinants that can cause 

sovereign vulnerabilities and can lead to official sovereign crises are both financial 

and macroeconomic (Manasse, Roubini and Schimmelpfennig, 2003; Baldacci et al., 

2011; Berti, Salto and Lequien, 2012; Hernández De Cos et al., 2014). Therefore, the 

dataset for this analysis includes and tests independently and jointly two groups of 

annual indicators relating to these determinants, namely (i) Banking Indicators that 

include profitability and loan quality ratios (denoted as “pr” and “lq” respectively); 

and (ii) Macroeconomic and Financial Indicators (denoted as “mf”) 47. Tables 5.1, 

5.2 and 5.3 display the descriptive statistics for the variables for the period from 

2001-201548. 

Table 5.1: Descriptive Statistics of the Weighted Average of the Profitability Ratios 

per Country’s Banking System 

Variables (%) Mean Std. Dev. Min Max 

Interest Income on Loans / 

Average Gross Loans 
4.78 2.09 1.70 20.91 

Interest Income / Average 

Earning Assets 
3.96 1.32 1.69 11.46 

Interest Expense / Average 

Interest-Bearing Liabilities 
2.71 1.42 0.61 10.73 

Net Interest Income / 

Average Earnings Assets 
1.44 0.52 0.59 2.70 

Non-Interest Income / 

Gross Revenues 
37.56 15.00 -32.05 81.57 

Non-Interest Expense / 

Gross Revenues 
62.74 15.51 -8.24 186.31 

Pre-Impairment Operating 

Profit / Average Equity 
16.18 20.72 -220.80 32.83 

Operating Profit / Average 

Equity 
5.94 29.07 -298.56 25.00 

Operating Profit / Average 

Total Assets 
0.41 0.59 -2.94 1.36 

Taxes / Pre-Tax Profit 20.16 50.71 -378.82 258.80 

                                                           
47 A full list of the data-set is provided in the Appendix, accompanied with the relevant description 

per indicator (Tables A.2, A.3 and A.4). 

48 The time-span varies across the systemic banks and in some cases across the countries (w.r.t. 

macroeconomic and financial data). 
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Operating Profit / Risk 

Weighted Assets 
0.96 1.35 -6.12 4.36 

Net Income / Average 

Total Equity 
5.50 14.82 -90.54 23.46 

Net Income / Average 

Total Assets 
0.30 0.53 -2.51 1.17 

Fitch Comprehensive 

Income / Average Total 

Equity 

4.02 25.45 -211.32 48.60 

Fitch Comprehensive 

Income / Average Total 

Assets 

0.31 0.68 -2.55 3.59 

Net Income / Risk 

Weighted Assets 
0.65 1.28 -6.67 3.36 

Fitch Comprehensive 

Income / Risk Weighted 

Assets 

0.67 1.55 -6.95 4.12 

Tier 1 Regulatory Capital 

Ratio 
10.96 3.43 6.10 23.41 

Equity / Total Assets 4.82 1.52 1.42 8.51 

Net Income – Cash 

Dividends / Total Equity 
2.93 12.09 -80.24 18.71 

 

Table 5.2: Descriptive Statistics of the Weighted Average of the Loan Quality 

Ratios per Country’s Banking System 

Variables (%) Mean Std. Dev. Min Max 

Growth of Total Assets 6.34 18.33 -18.91 183.29 

Growth of Gross Loans 7.22 19.05 -25.67 186.66 

Impaired Loans (NPLs) / 

Gross Loans 4.52 4.34 0.34 25.22 

Reserves for Impaired 

Loans / Gross Loans 2.84 2.39 0.15 14.11 

Reserves for Impaired 

Loans / Impaired Loans 73.92 37.03 34.18 271.98 

Impaired Loans less 

Reserves for Impaired 

Loans / Equity 

21.74 36.71 -30.92 354.24 

Loan Impaired Charges / 

Average Gross Loans 0.70 0.71 -0.30 4.76 

Impaired Loans + 

Foreclosed assets / Gross 

Loans + Foreclosed Assets 

4.62 4.37 0.34 25.24 
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Table 5.3: Descriptive Statistics of the Macroeconomic and Financial Indicators 

Variables (%) Mean Std. Dev. Min Max 

Government Bond Yield 

(%) 
3.80 1.34 0.54 13.31 

House Price Index  

Annual % Change 
3.05 6.50 -30.06 30.18 

Stock Exchange 

Annual % Change 
1.99 18.97 -44.57 51.68 

Balance on Current 

Account as % of GDP 
0.87 4.79 -12.12 10.90 

Government Budget 

Deficit/Surplus as % of 

GDP 

-2.82 3.41 -32 5.10 

GDP Growth (%) 1.19 2.66 -9.26 27.86 

Debt as % of GDP 72.24 25.84 24.73 134.13 

Inflation (%) 1.83 1.17 -4.46 4.92 

Private Sector Credit Flow 

as % of GDP 
5.80 8.43 -11.20 40.90 

Private Sector Debt as % 

of GDP 
146.22 42.98 79.70 303.40 

Long-Term 

Unemployment (%) 
0.20 2.18 -5.70 6.90 

Real Effective Exchange 

Rate (%) 
0.17 5.33 -20.40 18.40 

Net International 

Investment Position as % 

of GDP 

-17.03 43.85 -208 65.2 

1 year Euribor (%) 2.42 1.38 0.33 4.75 

Domestic Market Value 

Annual % Change 
4.15 22.45 -65.46 74.02 

Banking Sector Index  

Annual % Change 
1.72 0.42 0.24 4.04 

Banking Beta (%) 1.30 0.42 0.24 4.04 

 

For the above data groups, lagged versions (up to three years) were generated 

for the purposes of measuring the predictive power, thus identifying possible 

sovereign distress probabilities with respect to the GBS. As in Chapter 4, by using 



 

113 
 

only lagged variables, the econometric models can also be treated as Early Warning 

System models since lagged data was available at the time the prediction was being 

made. The first group of data was obtained from the Bankscope database that 

provided balance-sheet data for systemic banks. The second group of data used 

combinations of macroeconomic indicators as provided by the Macroeconomic 

Imbalance Procedure (MIP) Scoreboard and Datastream. The reason for 

incorporating only systemic banks stems from the new regulatory regime that took 

place after the recent financial crisis. By definition, a systemic bank is an institution 

whose failure could trigger a financial crisis in either domestic or international level. 

The main objective of this chapters’ analysis is to identify banking-specific, 

macroeconomic and financial leading indicators that will be able to predict the 

excessive increase of the GBS for selected countries, as well as any possible distress 

given the increased levels of GBS. Following the literature (Demirgüç-Kunt and 

Detragiache, 1998; Berg and Pattillo, 1999; Manasse, Roubini and 

Schimmelpfennig, 2003; Wong et al., 2010) the econometric approach is adopted. 

Hence, with the use of random effects probit, the analysis attempts to measure the 

predictive performance of the models with respect to the GBS which is used to create 

the dependent variable49. 

For the selected panel sample, data for 85 systemic banks from 13 EU 

Member States were incorporated, of which 10 have been Eurozone members since 

the introduction of the common currency50. Given the fact that the analysis is country 

based, heterogeneity among the 85 systemic banks was taken into account. 

Therefore, due to significant heterogeneity between the systemic banks of the 

countries in terms of the numbers of banks per country as well as their size, weights 

were derived based on the Total Assets per systemic bank. Based on this technique, a 

weighted average of each country’s banking system was calculated. The creation of 

the banking weighted average, renders each country’s banking system more 

comparable.  

                                                           
49 As in Chapter 4, the “Tjur Coefficient of Discrimination” (TCD) is used for the predictive power of 

the econometric models. 

50 A full list of the selected systemic banks provided in the Appendix Table A.5. 
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As in Chapter 4, the selection criteria of these countries (and thus their 

systemic banks) were constructed based on the following: 

1. The homogeneity of the common currency across these countries and 

therefore their systemic banking system given 

a. they are subject to Monetary Policy from the ECB; 

b. the greater availability and lengthier time-span of the selected data 

that they provide. 

2. The dissimilar performance (for a number of the selected countries) of their 

Fiscal-Public and Banking-Private sectors, before, during and after the recent 

financial crisis.  

3. The excessive increase and in some cases prolonged persistence of the GBS 

across the selected country-set. 

Consequently, following the econometric approach to examine the leading 

indicators that can explain and predict the increased pace of the GBS and any 

possible sovereign distress for the selected county-set , the following equations for 

the probit models were estimated given the above described groups of panel data-

sets51: 

  

                                                           
51 As presented in Chapter 4, Probit and Logit models have many similarities, according to Cameron 

& Trivedi (2009) “It is well known that logit and probit models have similar shapes for central values 

of cumulative distribution function (CDF) F(.) but differ in the tails as CDF. F(.) approaches 0 or 1” 

(Cameron and Trivedi, 2009, p. 465); According to the logit model, F(.)=Λ(.) that is the c.d.f. of the 

logistic distribution, whereas, for probit model F(.)=Φ(.) that is the standard normal CDF. For more 

information regarding the binary logit and probit panel data random effects models, see chapter 14 

Cameron and Trivedi (2009). The decision to use the probit version relies on the fact that there is no 

real basis for deciding whether the unobserved latent variables idiosyncratic shock follows a normal 

distribution as in probit or a logistic distribution as in logit. In practice both models tend to give 

similar answers, therefore by using the probit version the target is achieved without losing 

predictability power for possible distress identification. 
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Econometric Model 1: With respect to the Banking 

Profitability and Loan Quality Ratios. 

 
*

, , , ,i t i t i t i tY K N u        

 

 

Econometric Model 2: With respect to the 

Macroeconomic and Financial Indicators. 

 
*

, , ,i t i t i tY MF w     

 

Econometric Model 3: With respect to the 

Combination of the Systemic Banking Profitability 

ratios, Loan Quality ratios, Macroeconomic and 

Financial indicators. 

 
*

, , , , ,i t i t i t i t i tY a K b N c MF e        

 

  

The rationale for adopting a step-wise approach and implementing models 1 

and 2 in the first instance, analysing separately each group of variables from the 

others, is that it permitted understanding of how predictive these variables were in 

the absence of other data sources. The third econometric model combines the above 

two groups of variables affording the ability to identify their joint impact and thus 

their relative importance. If the two groups of indicators were orthogonal52, the 

results would be in line with the results from individual models. But, if the two 

groups of the independent variables were correlated (as it is likely), the individual 

econometric models (i.e. econometric models 1 and 2 respectively) would suffer 

from omitted variable bias. The combined econometric model (i.e. econometric 

model 3) accommodates this correlation thus identifying the combination of the 

independent variables across the two groups that are most predictive. 

The propensity for sovereign distress (
*

,tiY ) is an underlying unobservable 

(latent) variable  *

,tiY ; however, actual distress ( tiY , ) is observable. 

Therefore, using whether the GBS exceeds a threshold, which is based on sovereign 

pre-crisis data, as the dependent variable tiY ,  addresses this issue. The threshold that 

was considered of the dependent variable is described as: 

  

                                                           
52 This term refers to the strongest version of independence. 
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Threshold Value 

 

,

1, 2

0,otherwise
i t

if GBS std abovethecountry specific mean
Y

 
 


 

 

The threshold for each country was calculated based on data over the time 

period 2001-2009. This threshold follows the second out of four criteria of Baldacci 

et al. (2011). Hence, according to this criterion, a sovereign is considered to be under 

distress when significant sovereign bond yield spreads occur53: 

 “Yield spreads exceed two standard deviations above the country-specific mean 

that is used to capture market financing pressures” (Baldacci et al., 2011, p. 8). 

Consequently, taking into account the above-mentioned threshold value for 

GBS w.r.t. tiY ,  where i identifies the country id and t the year, the estimated 

probability for the identification of the increased values of the GBS and subsequently 

a possible sovereign distress, is given by Pr(Yi,t=1)=Φ(
*

,tiY ). The values Φ(
*

,tiY ) for 

the probit models are constrained between 0 and 1 for any potential value of 

 *

,tiY  as they are CDFs54. 

Finally, Ki,t-, Ni,t- and MFi,t- are vectors of the lagged Profitability ratios, 

Loan Quality ratios, Macroeconomic and Financial indicators –explanatory 

variables– to identify the probability of being distressed according to the models at 

time t and α, β and γ and a, b and c respectively are the vectors of the analogous 

estimated coefficients. The error terms ui,t, wi.t and ei,t respectively, were assumed to 

be independent and identically distributed (i.i.d.) variables: 

 

 

                                                           
53 Appendix Figures A.2 shows the pace of the GBS per country, where the threshold value of 2 

standard deviations above each country’s specific mean is incorporating. 

54 Similar methodological explanation for a probit model can be found in (Wong et al., 2010) 

regarding the “Predicting banking distress in the EMEAP economies”.  
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ηi, θi and ri respectively capture the time-invariant sovereign specific factors that are 

not reflected in the vectors of the explanatory variables Ki,t-, Ni,t- and MFi,t- . 
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5.4 Estimation Results 

The threshold of the binary dependent variable tiY ,  was created with respect 

to the government bond spreads (GBS). Therefore,

,

1, 2

0, otherwise
i t

if GBS std abovethecountry specific pre crisis mean
Y

  
 


  

and it was observed that 92% of the 13 Member States that did not face a situation of 

GBS ≥ 2std above their country-specific mean in year t they also did not face such a 

situation for the following year as well. However, 79% of the 13 Member States for 

which the GBS exceeds the threshold value, continued to follow the same increased 

values for, at least, the subsequent year too (Table 5.4). In other words, the 

appearance of high levels of the GBS suggests a resilient problem, for at least 2 

consecutive years. This suggests the need for this issue to be confronted before the 

GBS levels increase beyond control as was the case for a number of Eurozone 

members (Figures 5.1). 

Table 5.4: Panel Summary of the Dependent Variable based on the Yi,t threshold 

value 

tiY ,  
1, 2

0,otherwise

if GBS std abovethecountry specific mean 



  

 0 1 Total 

0 92% 8% 100% 

1 21% 79% 100% 

Total 76% 24% 100% 

 

As discussed in the introductory section, the analysis attempted to identify 

banking-specific, macroeconomic and financial variables that act as leading 

indicators, thus enhancing the predictive power of the PDPREM, for the 

identification of possible sovereign distressed probabilities given the GBS cut-off 

value. For the identification of these leading indicators, as in Chapter 4, an 

econometric backward-stepwise technique that highlights such variables was 

implemented. For the interpretation of the results the average marginal effects 

presented, capturing the effect of the covariates (i.e. independent variables) on the 

probability of the tiY ,  (i.e. binary dependent variable) to exceed the threshold value. 
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Hence, the combined Banking Profitability and Loan Quality Ratios 

PDPREM that includes the form of lagged explanatory variables at time t-1, provide 

fourteen leading indicators that significantly affect the binary dependant variable that 

suggests sovereign distress with strong predictive power. As in Chapter 4, the Tjur 

Coefficient of Discrimination (TCD) statistic is used as an indicator of predictive 

power. The TCD for this model is 0.6945 (Table 5.5).  

The results along with the high predictive power of the banking ratios, justify 

the conceptual framework analysed in Chapter 2. A vulnerable banking system 

creates sovereign distress since the sovereigns have to step in and support their 

distressed banking system which consequently leads the sovereigns to absorb any 

potential credit risk. Therefore, the below interpretation of the banking ratios that 

significantly affect the GBS is in line with the analysis presented in Chapter 2 which 

identified the three main channels through which stress in a country’s banking 

system could negatively affect the solvency of the sovereigns and create high levels 

of GBS: 

Table 5.5: Estimation Results of the PDPREM for the Combined Banking 

Profitability & Loan Quality Ratios (pr & lq) at time t-1 for possible Sovereign 

Distress given the Government Bond Spreads (GBS) at time t 

Panel 

13 Countries 

No of Observations 130 

Probit 

Cut-off value for tiY , = 1  

2 std. deviations above the country mean. 

Explanatory Variables lagged at time t-1 

Estimated Average Marginal Effects 

& 

Standard Errors 

Interest Income on Loans / Average Gross Loans -0.1104** 0.0501 

Interest Income / Average Earning Assets 0.3754*** 0.1097 

Interest Expense / Average Interest-Bearing Liabilities -0.3276*** 0.1163 

Operating Profit / Average Total Assets -1.9980*** 0.7163 

Taxes / Pre-Tax Profit 0.0010* 0.0005 

Operating Profit / Risk Weighted Assets 0.7606** 0.3190 

Net Income / Average Total Assets 1.7700*** 0.5993 

Fitch Comprehensive Income / Average Total Assets -0.4386*** 0.1274 

Net Income / Risk Weighted Assets -0.6942*** 0.2574 

Tier 1 Regulatory Capital Ratio -0.0582** 0.0248 

Growth of Total Assets -0.0067** 0.0033 

Impaired Loans (NPLs) / Gross Loans -0.5244*** 0.1702 

Loan Impaired Charges / Average Gross Loans -0.1847** 0.0926 

Impaired Loans + Foreclosed Assets / Gross Loans + 

Foreclosed Assets 
0.5157*** 

0.1700 

Predictive Power 0.6951 

Notes 
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(i) pr_lag(i) & lq_lag(i) refers to the ith year lag of the variables pr & lq that in this instance is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 

 

The predictive power results for the models with the lagged explanatory 

variables for time t-2 and t-3 are included below (Table 5.6). These results suggest 

that the predictive power of this model two and three years before the actual event is 

reasonably high, increasing the signalling window for the policy makers in order to 

confront stressful periods as the ones that the Eurozone faced regarding the GBS55. 

Table 5.6: Predictive Power of the PDPREM with respect to the Banking 

Profitability & Loan Quality Ratios 

lag(i) 

Probit 

Cut-off value for tiY , = 1 

2 std. deviations above the country mean. 

lag1 0.6945 

lag2 0.4709 

lag3 0.4665 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables pr & lq that in this instance are 1, 2 & 3 

respectively. 

(ii) The econometric models of the Profitability & Loan Quality ratios lagged at time t-1 provide the 

highest predictive power for a possible sovereign distress at time t. 

 

Based on the descriptions of the above leading indicators, as well as the 

accompanying theoretical and empirical framework that already was presented, 

interpretation of the significant results are as follows: 

1. Interest Income on Loans / Average Gross Loans is statistically significant at 

the 5% level and has a negative sign as expected, suggesting that a one 

percentage point increase of this interest profitability ratio would decrease the 

probability of sovereign distress by 0.1104 (i.e. 11.04 percentage points). The 

higher the income that a banking system is receiving from one of its major 

sources of income (as the provided loans are), the healthier the banking system 

and hence the lower the probability for a rescue package from the sovereign. 

                                                           
55 The estimation results of the PDPREM for the Banking ratios (pr and lq) at time t-2 and t-3 for 

possible Sovereign Distress given the GBS at time t can be found in Appendix, Table A.14 and Table 

A.15. 
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Therefore, the possibility of a transfer risk from the banks to the sovereigns, and 

increasing GBS levels is lower.  

2.  Interest Income / Average Earning Assets is positively correlated with GBS. 

An explanation for the positive sign is that the earning assets that a bank holds 

are inflated, not representing their actual value at time t-1. These assets could be 

mortgage loans that were provided when the housing market was booming. 

Hence, the higher the interest income from that type of assets that were 

consisting a large portion of banking assets in a number of European countries, 

the higher the probability that these assets are a ticking bomb that could trigger 

future (at time t) banking vulnerabilities. As already presented, banking 

vulnerabilities can trigger sovereign distress and increase GBS. 

3. Interest Expense / Average Interest-Bearing Liabilities, a negative sign is 

observed suggesting that a decrease of this ratio would increase the probability of 

sovereign distress by 0.3276. This ratio measures the blended costs of all debt 

funding. The lower the cost of money the higher the probability that a banking 

system will engage in riskier activities. Such a situation, can increase future 

government intervention for the rescue of the banking system. As presented in 

Chapter 2, when a sovereign decides to intervene and rescue its banking system 

can lead to absorb bad assets and hence increase its own solvency problems. An 

increase of sovereign solvency problems is reflected on GBS spikes. 

4. Operating Profit / Average Total Assets, is significant at the 1% level and 

negatively related with the GBS for a possible sovereign distress, as expected. 

This ratio represents the profitability index of the banks. The higher the 

profitability of a banking system, the healthier the banks’ business and assets 

profile. A healthy banking system provide stability and normality for the 

sovereigns and this can be observed from low GBS. 

5. Taxes / Pre-Tax Profit is, as expected, positively correlated with GBS. This 

ratio represents the effective tax rate that the banks are required to face. The 

increase of taxes from the sovereigns for this type of large businesses (as 

systemic banks are) could be a signal of recessionary measures that could be 

reflected in the sovereigns’ bonds markets with high GBS. 

6. Operating Profit / Risk Weighted Assets ratio has a positive sign and is 

significant at the 5% level. A reason for the positive sign is the inability of banks 

to timely adjust and classify their assets, as government bonds are, in order to 
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determine their actual exposure to possible losses. Therefore, the higher the 

operating profits given the misjudged risk weighted assets the higher the 

possibility for future increased levels of GBS. 

7. Net Income / Average Total Assets ratio has one of the strongest effects 

regarding the sovereign distress. It is significant at the 1% level with a positive 

sign, suggesting that a one percentage point increase of this ratio would increase 

the probability that the binary variable would become one by 1.7700 (i.e. 177 

percentage points). One possible explanation of the positive sign of this very 

strong leading indicator is stemming from the excessive income that several 

European banking systems were receiving from their exposures to “exotic 

instruments” as the collateralised debt obligations (CDOs) were. The exposures 

of that type of financial instruments were one of the core reasons of the banking 

crisis that took place in Europe leading several sovereigns to support their 

banking systems having as a result the increased GBS. 

8. Fitch Comprehensive Income / Average Total Assets, is significant at the 1% 

and negatively related to GBS as expected. As this ratio reflects the banking 

activity, the higher the gains given the banks’ total assets the lower the 

expectations for future government intervention and hence lower the 

expectations for high GBS levels. 

9. Net Income / Risk Weighted Assets ratio has an expected negative sign and is 

significant at the 1% level. The higher the net income given low and correctly 

measured risk weighted assets (from the banks) the lower the possibility for 

future increased GBS levels as an outcome of government intervention. 

10. Tier 1 Regulatory Capital Ratio, is significant at the 5% level and negatively 

related to sovereign distress as expected. This ratio measures the banking 

systems financial health and was introduced by Basel III, an international 

regulatory accord for the better supervision of the banking sector. The higher this 

ratio the better the banking capital adequacy which indicates a robust banking 

environment for the sovereigns; and consequently lower GBS. 

11. Growth of Total Assets, is statistically significant at the 5% level and has a 

negative sign as expected. Robust growth of healthy assets, indicates healthy 

banking system operations that support the economic growth of the sovereigns. 

This economic growth is reflected to the sovereign bonds markets with low GBS.   

12. Impaired Loans (NPLs) / Gross Loans 
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13. Impaired Loans less Reserves for Impaired Loans / Equity 

The interpretation of the negative signs for the above two loan quality ratios is 

that increased GBS potentially precedes increased NPLs. Indeed, when Figures 

A.1 and A.2 are compared, it is observed that the NPLs kept increasing despite 

the deflation of the GBS in a number of EU members. 

14. Finally, Impaired Loans + Foreclosed assets / Gross Loans + Foreclosed 

Assets ratio, is positively related with the GBS and indicates that the banks’ 

increasing levels of deteriorating loans with the simultaneous dropping levels of 

the charge-offs since the loan holders are unable to respond to these charges, 

increases a possible banking distress situation and hence a future government 

intervention is expected in order to save its banking system. As a result, a credit 

risk transfer from the banks to the sovereigns is anticipated which increases the 

sovereign solvency problems and escalates the GBS. 

 Continuously, the analysis incorporating the second PDPREM with respect to 

Macroeconomic and Financial indicators has been considered. Surprisingly, the 

model that incorporates the first lags of the abovementioned indicators provides only 

four leading indicators that significantly affect the binary dependant variable, despite 

the expectations of a wider number of significant leading indicators. According to 

TCD, the predictive power of the model is 0.5896 (Table 5.7). 

Table 5.7: Estimation Results of the PDPREM for the Macroeconomic as well as 

Financial indicators (mf) at time t-1 for possible Sovereign Distress Probabilities 

given the Government Bond Spreads at time t 

Panel 

13 Countries 

No of Observations 130 

Probit 

Cut-off value for tiY , = 1 

2 Std. Deviations above the country mean. 

Explanatory Variables mf_lag(i) Estimated Average Marginal Effects & Standard Errors 

Long-Term Unemployment (%) 0.1057*** 0.0218 

Stock Exchange 

Annual % Change 
-0.0115*** 

0.0013 

Debt as % of GDP 0.0045*** 0.0007 

Domestic Market Value 

Annual % Change 
0.0045*** 

0.0011 

Predictive Power 0. 5896 

Notes 
(i) mf_lag(i) refers to the ith year lag of the variables mf that in this instance is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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The predictive power results for the models with lagged explanatory variables at 

time t-2 and t-3 in the Table 5.8 are presented below56: 

Table 5.8: Predictive Power of the PDPREM with respect to the Macroeconomic 

and Financial indicators 

lag(i) 

Probit 

Cut-off value for
tiY ,
= 1 

2 std. deviations above the country mean. 

lag1 0.5896 

lag2 0.4027 

lag3 0.3061 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables mf that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric model of the Macroeconomic and Financial indicators lagged at time t-1 provide 

the highest predictive power for a possible sovereign distress at time t. 

  

In the analysis of the Macroeconomic and Financial indicators, all four 

leading indicators that affect the probability of sovereign distress are significant at 

the 1% level. The interpretation of the significant results for this group of data are as 

follows: 

1. Long-Term Unemployment, is positively correlated with the GBS as expected 

and consequently with possible sovereign distress. As mentioned in Chapter 2, 

several Eurozone members experienced high unemployment rates before the 

RFC. Given the sudden-stop of the large capital inflows, we observed increased 

changes in these rates. Therefore, high unemployment negatively affects the 

economic growth, enhancing the solvency problems of the sovereigns.  

2. Stock Exchange Index Annual % Change, is negatively related (as expected) 

with the GBS. A decrease of the financial activity in a country generally 

decreases economic growth as well. Taking into account the large losses that 

several EU stock exchanges faced given the financial crisis of 2007-8 for a 

number of years, as well as the economic uncertainty for a number of Eurozone 

economies with respect to their solvency, this indicator is indeed a leading 

indicator that can suggest a sovereign distress. 

                                                           
56 Estimation Results of the PDPREM for the Macroeconomic as well as Financial indicators (mf) at 

time t-2 and t-3 for possible Sovereign Distress given the GBS at time t can be found in Appendix, 

Table A.16 and Table A.17. 
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3. Debt as a % of GDP, is positively related to GBS as expected and significant at 

the 1% level. Thus a one unit increase of this indicator has an estimated average 

marginal effect of 0.0045 (i.e. 4.5 percentage points) on the probability of 

sovereign distress. A rise in a country’s debt levels lead to a fall in its economic 

activity. As discussed in Chapter 2, the inability of a sovereign to service the 

public debt, as it happened for a number of Eurozone members, leads to solvency 

problems and economic uncertainty. Consequently, the sovereigns are facing 

pressures in the debt markets and GBS spikes are expected. 

4. Domestic Market Value Annual % Change represents the constituents of the 

sector/market lists for each country; this indicator represents the market value of 

the largest companies for each country. The positive sigh of this indicator was 

not expected. However, extraordinary changes in the market value of the largest 

companies that are employed in our country-set indicate bubbles that are about to 

burst and negatively affect the economy. For example, in countries like Ireland 

and Spain some of the biggest companies were the ones that belonged to the 

construction and the banking sectors. In the pre-crisis period, both these sectors 

were characterised by extremely high market values. However, the burst of the 

real estate market “demolished” this market value causing the problems that were 

analysed in Chapter 2. One consequence of this market value collapse was a drop 

in government revenues, which in turn affected the solvency of the sovereigns 

and hence cause increased GBS levels. 

It is worth mentioning that regarding the two groups of data that were tested 

separately with the incorporation of the PDPREM, the banking indicators provide 

much higher average marginal effects as well as higher predictive power in 

comparison with the macroeconomic and financial indicators with respect to the 

binary dependent variable that suggests sovereign distress. These results enhance the 

conceptual framework that was provided in the thesis (Chapter 2) suggesting that one 

of the main causalities of facing sovereign vulnerabilities in Eurozone are stemming 

from the banking system vulnerabilities. 

 Finally, the last econometric model that combines the banking, 

macroeconomic and financial leading indicators lagged at time t-1, provide ten 

leading indicators from which seven are Banking Profitability and Loan Quality 
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ratios and three are Macroeconomic and Financial indicators. The predictive power 

of the PDREM is at 0.8240 (Table 5.9). 

Table 5. 9: Estimation Results of the PDPREM for the combination of Banking, 

Macroeconomic & Financial indicators (pr, lq & mf) at time t-1 for possible 

Sovereign Distress Probabilities given the Government Bond Spreads at time t 

Panel 

13 Countries 

No of Observations 124 

Probit 

Cut-off value for tiY , = 1 

2 Std. Deviations above the country mean. 

Explanatory Variables pr_lag(i),  lq_lag(i) & 

mf_lag(i) 

Estimated Average Marginal Effects & Standard 

Errors 

Interest Income / Average Earning Assets 0.0975 0.08462 

Interest Expense / Average Interest-Bearing 

Liabilities 
-0.0907 

0.0955 

Operating Profit / Average Total Assets -1.2192** 0.5179 

Taxes / Pre-Tax Profits 0.0007 0.0007 

Operating Profit / Risk Weighted Assets 0.5482** 0.2182 

Net Income / Average Total Assets 1.0890** 0.4821 

Fitch Comprehensive Income / Average Total 

Assets 
-0.2976** 

0.1300 

Net Income / Risk Weighted Assets -0.4055** 0.1809 

Impaired Loans (NPLs) / Gross Loans -0.6712*** 0.2457 

Reserves for Impaired Loans / Impaired Loans -0.0174 0.0838 

Impaired Loans + Foreclosed Assets / Gross 

Loans + Foreclosed Assets 
0.6755*** 

0.2481 

Long-Term Unemployment (%) -0.0032 0.0255 

Stock Exchange 

Annual % Change 
-0.0131*** 

0.0025 

Debt as % of GDP 0.0076*** 0.0025 

Domestic Market Value 

Annual % Change 
0.0060*** 

0.0017 

Predictive Power 0.8240 

Notes 
(i) pr_lag(i), lq_lag(i) & mf_lag(i) refers to the ith year lag of the variables pr, lq & mf that in this 

instance is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 

 

It should be mentioned that there were expectations for a wider number of 

Macroeconomic and Financial leading indicators. In addition, the signs of the 

significant indicators in the combined PDPREM are the same as in the separate 

PDPREM with respect to Banking, Macroeconomic and Financial indicators. 

However, as expected, the combined PDPREM provides considerably higher 

average marginal effects with respect to the dependent variable that suggests 

sovereign distress probabilities. The interpretation of the leading indicators in the 

combined model are in line with the interpretation above regarding the individual 
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PDPREM that incorporated the Banking and Loan Quality ratios as well as the 

Macroeconomic and Financial indicators. 

In addition to the above table, the predictive power results with the lagged 

explanatory variables at time t-2 and t-3 are presented in Table 5.1057. 

Table 5.10: Predictive Power of the PDPREM with respect to Banking & 

Macroeconomic indicators 

lag(i) 

Probit 

Cut-off value for tiY ,  

2 Std. Deviations above the country mean. 

lag1 0.8240 

lag2 0.6731 

lag3 0.6531 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this instance are 1, 2 & 3 

respectively. 

(ii) The econometric model of the Profitability ratios, Loan Quality ratios, Macroeconomic and 

Financial indicators lagged at time t-1 provide the highest predictive power for a possible sovereign 

distress at time t. 

 

 

  

                                                           
57 The estimation results of the PDPREM for the Banking Ratios (pr & lq), Macroeconomic and 

Financial indicators (mf) at time t-2 and t-3 for possible Sovereign Distress given the GBS at time t 

can be found in Appendix, Table A.18 and Table A.19. 
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5.5 Robustness 

As with the previous empirical chapter of this thesis, this section is dedicated 

to the robustness analysis as well as to the out-of-sample forecasting performance of 

the combined econometric model that was constructed in order to predict sovereign 

distress. Despite the eager to “stress test” the performance of the full sample model 

as much as possible, it was possible to create only one additional group in order to 

compare the results of the full sample model as they are presented in the Table 5.9 

from the above.  More specifically, this group, namely the EMU Group, includes 10 

Eurozone Member States58, 59.  

Furthermore, robustness tests are applied in order to compare the predictive 

power of the econometric models too. Hence, the predictive power that is based on 

the Tjur Coefficient of Discrimination (TCD) is compared with the McFadden’s 

Pseudo R-Squared. Hence, if the econometric models do provide a good explanatory 

power then the McFadden’s Pseudo R-Squared would be close to 1 which indicates a 

high predictive power. Table 5.11 below present the robustness comparative results 

between the Full-Sample econometric model with the EMU-Group econometric 

model. 

 

  

                                                           
58 The EMU group includes Ireland, Portugal, Finland, Austria, Belgium, the Netherlands, France, 

Spain, Italy and Germany. 

59 It should be mentioned that for the robustness tests, groups of Peripheral as well as Core Eurozone 

Member States were created too. However, as in Chapter 4, these econometric models were unable to 

converge. Two possible reasons are first the limited observations and second, especially for the Core 

Eurozone Member States the fact that they rarely exceeded the threshold value of the 2 standard 

deviations above the country mean w.r.t. their GBS. 
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Table 5.11: Robustness Comparative Results of the Full-Sample PDPREM (pr, lq & 

mf) with the EMU Group at time t-1 for possible Banking Distress given the 

Government Bond Spreads at time t 

Probit 

Cut-off value for tiY , = 1 

2 Std. Deviations above the country mean. 

Full Sample EMU Group 

 
Panel 

13 Countries 

Obs. 124 

Panel 

10 Countries 

Obs. 92 

Explanatory Variables pr/lq/m_lag(i) Estimated Average Marginal Effects 

Interest Income / Average Earning Assets 0.0975 0.0352 

Interest Expense / Average Interest-Bearing 

Liabilities 
-0.0907 

-0.0120 

Operating Profit / Average Total Assets -1.2192** -1.3201** 

Taxes / Pre-Tax Profits 0.0007 0.0003 

Operating Profit / Risk Weighted Assets 0.5482** 0.6290** 

Net Income / Average Total Assets 1.0890** 1.1996** 

Fitch Comprehensive Income / Average 

Total Assets 
-0.2976** 

-0.2529 

Net Income / Risk Weighted Assets -0.4055** -0.4705* 

Impaired Loans (NPLs) / Gross Loans -0.6712*** -0.6865** 

Reserves for Impaired Loans / Impaired 

Loans 
-0.0174 

0.0479 

Impaired Loans + Foreclosed Assets / Gross 

Loans + Foreclosed Assets 
0.6755*** 

0.6953** 

Long-Term Unemployment (%) -0.0032 0.0072 

Stock Exchange 

Annual % Change 
-0.0131*** 

-0.0145*** 

Debt as % of GDP 0.0076*** 0.0068*** 

Domestic Market Value 

Annual % Change 
0.0060*** 

0.0069*** 

Predictive Power TCD 0.8240 0.8173 

Predictive Power R2 0.8387 0.8575 

Notes 
(i) “pr_lag(i), lq_lag(i) & mf_lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this instance 

is 1.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 

 

As observed from the above table, the results of the robustness test are 

consistent with the initial results of the Full-Sample model. From the 10 suggesting 

leading indicators only one fail its significance (namely the profitability ratio Fitch 

Comprehensive Income / Average Total Assets) regarding the EMU-Group. In 

addition, the estimated average marginal effects for the remaining 9 statistically 

significant variables that belong to the banking-specific, macroeconomic and 

financial indicators are increasing. This increase enhances the suggestions as they 

were presented in Chapters 2 and 3 that in order to better predict such events (in this 

instance sovereign distress), policy makers need to incorporate variables that belong 
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to these three categories given the interconnectedness that took place especially in 

the advanced economies as Eurozone Member States are.  

Regarding the predictive power of the models, both TCD and the 

McFadden’s Pseudo R-Squared remain close to 1 that is an indication of strong 

predictability power for not only the Full-Sample of 13 countries but also for the 

EMU-Group that includes 10 Member States of the single currency union. The 

predictive power results with the lagged explanatory variables at time t-1, t-2 and t-3 

for both models are presented below (Table 5.12): 

Table 5.12: Predictability Power of the Robustness Comparative Results of the 

PDPREM with respect to the combination of Banking, Macroeconomic and 

Financial indicators (pr, lq & mf) 

Predictive Power 

Probit 

Cut-off value for tiY ,  

2 Std. Deviations above the country mean. 

 

TCD lag(i) 

 
Full Sample EMU Group 

lag1 0.8240 0.8173 

lag2 0.6731 0.6200 

lag3 0.6531 0.6150 

 

R2 lag(i) 

 
Full Sample EMU Group 

lag1 0.8387 0.8575 

lag2 0.7117 0.7596 

lag3 0.7228 0.7612 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric models of the profitability ratios, loan quality ratios, macroeconomic & financial 

indicators lagged at time t-1 provide the highest predictive power for a possible banking distress at time t. 

 

What can be observed regarding the comparison of the predictive power of 

the models between the TCD and the McFadden’s Pseudo R-Squared metrics is that 

both provide an interestingly high predictive power up to three years before the 

actual event. In addition, when we compare these two metrics, it is observed that the 

TCD “fades-out” quicker from the McFadden’s Pseudo R-Squared one. Yet, both 

metrics are consistent and suggest strong predictability power for the prediction of 

sovereign distress. 
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This section is concluding with the creation of four out-of-sample forecasting 

scenarios in order to identify their predicting power. Table 5.13 below presents the 

predictability power based on the TCD metric. The first scenario randomly excludes 

2 countries, namely Portugal and Belgium. The other three scenarios (permutation 

testing) exclude and hence forecast the predictive power for Ireland, Italy and Spain 

respectively. 

Table 5.13: Predictability Power of the Out-of-Sample Permutation Test PDPREM 

with respect to the combination of Banking, Macroeconomic and Financial 

indicators (pr, lq & mf) 

Predictive Power 

(TCD) 

Probit 

Cut-off value for tiY ,  

2 Std. Deviations above the country mean. 

 Excluding Countries 

lag(i) PT & BG IE IT ES 

lag1 0.4719 0.4106 0.9284 0.9999 

lag2 0.0612 0.0136 0.2293 0.8884 

lag3 0.2746 0.1162 0.1141 0.7141 

Notes 

(i) “lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this instance are 1, 2 & 3 respectively. 

(ii) The econometric models of the profitability ratios, loan quality ratios, macroeconomic & financial 

indicators lagged at time t-1 provide the highest predictive power for a possible banking distress at time t. 

(iii) PT, BG, IE, IT and ES stand for the EMU Member States Portugal, Belgium, Ireland, Italy and Spain 

respectively. 

 

The above table provide some very interesting results regarding the 

predictive power of the out-of-sample forecasting models. First, when the variables 

are lagged at time t-1 all the four scenarios provide the highest (as expected) 

predictive power. More specifically, the predictive power for Italy and Spain 

respectively are almost close to 1 suggesting a really good forecasting power of the 

model (given that the predictive power is based on the TCD metric). On the other 

hand, the scenario that excludes and hence forecast for the randomly selected group 

of countries Portugal and Belgium is close to 0.5 and last is coming the scenario that 

excludes and forecast Ireland (0.4106).  

Two possible reasons for such performance with respect to the predictive 

power of the out-of-sample forecasting modelling are first the different 

characteristics of these countries. A number of these characteristics were identified 

in Chapter 2 (e.g. real estate boom, lending activity of the sovereigns and high 
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leverage from the banking system). Second, the limitations regarding the available 

observations. Nonetheless, this analysis can be described as sufficient, triggering 

further research in the recent future. One suggestion for future research would be to 

identify the forecasting predictive power of the models for each country of the 

sample and compare the results. 

 All in all, it should be highlighted for this section that both the robustness 

tests and the out-of-sample forecasting for the prediction of sovereign distress based 

on the GBS (in this instance the threshold value is set at 2 standard deviations above 

the country mean as an indication of sovereign distress) are adequate60. The almost 

identical leading indicators that suggest sovereign distress in addition to the high 

predictive power of the models (utilisation of both TCD and McFadden’s Pseudo R-

Squared) suggest that the policy makers could have an extra tool for the prediction of 

sovereign distress that is based on the GBS especially for the Eurozone. Last but not 

least, the out-of-sample forecasting predictive power that was presented could 

potentially reflect the fact that the econometric models (PDPREM) that were created 

in this thesis for the prediction of sovereign distress based on the GBS could further 

assist the policy makers for safeguarding the economy as a whole from that type of 

negative events. 

  

                                                           
60 The robustness and out-of-sample results with the incorporated variables lagged at time t-2 and t-3 

are available upon request. The reason not incorporating these results in the thesis is only for space-

economy given the wide number of tests that took place and hence the wide number of result-tables 

required (18 result-tables in total for robustness and out-of-sample analysis w.r.t. sovereign distress). 

However, all the results are available upon request. 
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5.6 Conclusion 

This chapter presented, analysed and interpreted three econometric models 

that included separately as well as jointly the main indicators that affect the GBS 

levels, according to the relatively recent literature review. Throughout the analytic 

models presented, the predictive powers regarding the cut-off value of the binary 

dependent variable are considerably high, encouraging future empirical studies to 

amplify the data-set in order to identify more possible leading indicators. In addition, 

using lagged variables up to three years, the econometric models could assist policy 

makers for timely policy actions in order to prevent the building up of banking, 

macroeconomic and financial imbalances that lead to sovereign vulnerabilities and in 

some cases official crises.  Also, this empirical work could act as a benchmark for 

future studies with wider country-set along with longer time-span. 

As a final summary, the process of categorisation of the three econometric 

PDPREM, in terms of their suggesting leading indicators along with their relative 

predictive power are as follows: 

1. PDPREM combining Banking, Macroeconomic and Financial indicators at time 

t-1 for possible sovereign distress probabilities given the GBS at time t with 

seven profitability and loan quality ratios as leading indicators and three 

macroeconomic and financial leading indicators. 

2. PDPREM combining Banking indicators at time t-1 for possible sovereign 

distress probabilities given the GBS at time t with fourteen profitability and loan 

quality ratios as leading indicators. 

3. PDPREM for the Macroeconomic and Financial country based indicators, at time 

t-1 for possible sovereign distress probabilities given the GBS at time t with four 

leading indicators. 

The importance of this categorization is that it presents, first the rank of the 

predictive power per model and second, indicates potential framework in terms of 

analysing each determinant independently as well as jointly before facing an 

escalation regarding the GBS. By adopting the suggested threshold for the binary 

variable of the models, the collection of leading factors contributing to the potential 

of sovereign distress may be identified more efficiently, thus enabling more effective 

combative measures for potential outcomes in the markets. 
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Furthermore, the efficiency of the suggested econometric models for 

predicting sovereign debt distress were vindicated from the robustness and out-of-

sample forecasting analysis that took place as well. The results advocate that the 

econometric models along with their recommended leading indicators (i.e. 

combination of banking-specific, macroeconomic and financial indicators that 

highlight the interconnectedness of the economy as whole) that were created to 

predict sovereign distress based on the GBS may further assist the policy makers. 
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Chapter 6: Conclusions 
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6.1 Thesis Overview and Contributions 

This thesis contains six chapters. Chapter 2 provided the conceptual 

framework and identified the negative association of banking and sovereign sectors, 

in terms of credit-risk transfer, that took place in the Eurozone as an outcome of the 

substantial macroeconomic and financial imbalances developed prior to the recent 

financial crisis (RFC). It identified that banking and sovereign solvency problems are 

strongly interconnected, creating a vicious banking-sovereign circle that damages the 

economy as a whole. This complex interaction is particularly important since it was 

identified that there are several channels through which stress in the banking system 

could negatively affect the sovereigns in terms of credit-risk transfer and vice-versa. 

The thesis contributes to the literature by presenting three main channels through 

which stress in the banking system negatively affects the sovereigns and four main 

channels with the opposite direction. 

The schematic framework presented in Chapter 2 illustrates the negative 

feedback loop between vulnerable banks and sovereigns that impede economic 

growth. Vulnerable banks can lead sovereigns to solvency problems when 

sovereigns attempt to rescue severely troubled banks. Furthermore, banking failures 

could depress economic growth via the credit channel. Also, as presented, excessive 

holdings of domestic sovereign debt by domestic banks increase the insolvency risk 

of the banking system as a whole. In an attempt to alleviate the sovereign stress, 

governments may introduce austerity measures that damage economic growth. The 

results of austerity measures may negatively affect government tax revenues, 

spending on social protection, fiscal deficits and as a result sovereign debt 

sustainability declines. In addition, a recession puts upward pressure on NPLs in the 

banking system. 

This framework became the stepping-stone in order to build econometric 

models that tested and estimated the interconnections between the banking and the 

sovereign sectors in the Eurozone with the incorporation of banking-specific, 

macroeconomic and financial variables. Therefore, it was deemed crucial to 

understand the concept of Early Warning Systems especially for banking and 

sovereign stress events and crises. In Chapter 3 we presented and discussed a number 

of studies outlining the concept of EWS, including methodological approaches and 
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data collection which have been implemented, in order to predict potential crises as 

well as critiques of these. One of the main findings of this review of the literature 

was that research in the area of EWS focusing solely on advanced economies is 

limited. This paucity of literature was deemed critical given the inability to timely 

predict the financial crisis faced by the Eurozone and ultimately costed billions of 

euros to European taxpayers. Hence, the combination of the conceptual framework 

as presented in Chapter 2, along with the lessons learned from the empirical 

literature for the prediction of banking and sovereign stress events and crises with 

the assistance of EWS models provided the basis for the two empirical chapters in 

order to answer the research questions of this study. 

Consequently, empirical Chapter 4 identified to what extent banking-specific, 

macroeconomic and financial factors affect the NPLs and whether these factors can 

act as leading indicators for possible banking vulnerabilities that could lead to 

banking crises. The aim was to identify these factors with the help of individual as 

well as combined econometric panel data models with respect to the data-set; 

measure their predictive power and identify the signalling window for an early 

detection of the occurrence of that type of banking vulnerabilities. This chapter 

contributes to the literature since the results suggested that the predictive power of 

the model when the threshold value for NPLs is set at 5% is similar to the predictive 

power when the threshold is set at 10%, inspiring future empirical studies to set a 

threshold value for the NPLs at 5%, thus permitting tighter stress tests with respect 

to NPLs levels.  

In addition, by setting the cut-off value at 5%, identification of new leading 

indicators compared to the 10% threshold was possible since it could be argued that 

the NPLs are at the beginning of their growth. Finally, the 5% cut-off value allows 

policy makers to step-in in a timely manner and avert stressful periods regarding the 

NPLs that still affect a number of systemic banks across Eurozone. Last but not least, 

the econometric models were ranked from the highest to lowest given the predictive 

power per model, and provide up to three years signalling window for the prediction 

of banking distress based on the NPLs excessive levels. Notwithstanding that the 

combined model provides the highest predictive power, it is crucial to test each 

group of data separately for better understanding of the determinants that affect the 

pace of NPLs that consequently create stress to banks. 
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Similarly, Chapter 5 contributed to the literature of EWS with respect to 

sovereign stress events and crises since it incorporated balance-sheet banking 

specific data, along with macroeconomic and financial indicators, for a number of 

advanced European economies. As presented in Chapter 2, one of the major causes 

of sovereign distress in advanced economies is sovereigns’ decision to step in and 

save their vulnerable banking systems. This situation transfers credit-risk to the 

sovereigns and solvency problems often occur. As a consequence, the government 

bond spreads (GBS) may escalate. High GBS created severe pressures in the 

sovereign debt market that led several Member States to seek official EU and IMF 

assistance. 

Chapter 5 built on the previous literature and enhanced in several ways the 

currently available EWS models to policy makers. These enhancements included the 

identification of a country-specific threshold value for a possible sovereign distress 

that is based on the GBS for 13 advanced EU-EMU Member States. Also, this 

chapter used weighted average banking-specific indicators, macroeconomic and 

financial variables in separate as well as combined panel data probit random effects 

models (PDPREM) and identified several significant leading indicators for sovereign 

distress. Interestingly, the econometric model that included separately the banking 

specific indicators provided higher predictive power comparing to the econometric 

model that included separately country based macroeconomic and financial 

indicators. We consider this to be further evidence that the sovereign problems that 

took place in several Eurozone economies were highly affected by the banking 

balance-sheet imbalances. Finally, it is important to remember that the majority of 

previous EWS models have been focused on emerging economies with respect to 

currency and financial crises. Chapter 5 extends the EWS literature by developing 

EWS models that are more appropriate for advanced economies within a single 

currency area. 
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6.2 Limitations 

Each of the empirical chapters is not without their drawbacks. Below are 

presented the limitations of this thesis. Both empirical chapters were constructed 

using in-sample estimation. An alternative approach to compare their predictive 

power and hence their forecasting performance would be to perform out-of-sample 

validation. This means to withhold some of the sample data from the econometric 

models identification and estimation process, and then use the out-of-sample models 

to make predictions for the hold-out data in order to identify their accuracy and to 

determine how similar the statistics of their errors are in comparison to those that the 

models made within the sample of data that was fitted. 

An additional limitation is the availability of the banking balance-sheet data. 

As Table A.5 shows, the time-span of the data varies among the systemic banks that 

were incorporated for the analysis in both empirical chapters (Chapters 4 and 5). 

Also, it should be mentioned that data from failed systemic banks such as the Anglo-

Irish bank are not provided from the data providers. A longer data time-span along 

with data from failed banks could potentially improve the results and provide better 

insight to the policy makers regarding the identification of leading indicators and the 

predictive power of the models for both banking and sovereign distress. 

 Another limitation is that, to our surprise, in both empirical chapters GDP 

growth is not statistically significant and hence is not one of the leading indicators 

for the models that provide the highest predictive power. This is a limitation since a 

number of empirical papers from the literature with respect to banking and sovereign 

distress suggest this indicator as leading indicator. Nevertheless, the GDP growth is 

acting as leading indicator for models that incorporate lagged variables at time t-2. 

Also, various variables such as unemployment and stock exchange that reflect the 

GDP growth for a country are statistically significant and hence act as leading 

indicators. 

 In addition, the analysis with respect to banking distress used NPLs as an 

indicator for the binary dependant variable and two threshold values were employed 

(5% and 10%) to identify if a bank is under distress or not. Clearly, there are other 

factors that can indicate a distressed banking system and a number of them were 

presented in the literature review chapter (Chapter 3). Yet, the reason for using this 
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indicator stems from the excessive problems that several European banks are still 

facing with respect to the NPLs. Therefore, despite that there was not an official 

banking crisis regarding NPLs, large amounts of these impaired assets damage not 

only the banking profitability but also the economic growth for a number of 

countries since the banks are not able to perform accordingly by providing leverage 

in their domestic economies given the losses that they face from the NPLs. 

 Last but not least, the utilised probit models accounted for country/bank 

specific random effects instead of fixed effects. The reason is that fixed effects 

estimation is not possible for probit models. However, some could argue that this is a 

limitation since for the logit models the fixed effects are available. There are two 

reasons for using random effects, the first one is that our sample of systemic banks 

and countries does not exhaust the “population” of the Eurozone’s systemic banks 

and Member States. If that was the case then indeed the fixed effects should be 

incorporated. The second reason is that the logit fixed effects are not readily 

obtained, therefore when predicting, the default is to set the fixed effects to zero, 

leading to poor performance. 

  

  

  



 

141 
 

6.3 Future Research 

This thesis has provided several important avenues for future research. One 

particular avenue is the use of specific balance-sheet banking data. Indeed future 

EWS research with respect to banking and sovereign distress will continue to 

incorporate banking balance-sheet data. In addition, separate as well as combined 

models will include wider numbers of that type of data for the possible prediction of 

new leading indicators that belong to this group. Furthermore, it will be interesting to 

expand the data-set by including political variables since political instability in a 

number of European countries is becoming more common which negatively affects 

the economic growth of these countries. 

Furthermore, with respect to NPLs, it would be interesting to study and 

analyse specific categories of NPLs. Such an analysis would help us to identify the 

types of loans that turn to be NPLs faster than others and hence in stressful periods 

policy makers will be able to have a solution not only for the banks (in terms that the 

banks will not have to experience large portions of NPLs in their balance-sheets) but 

also for the loan holders (in terms of not losing their collaterals).  

In addition, since the empirical papers presented in this thesis were 

implemented a cross-country analysis, individual country analysis will help us 

understand several banking and sovereign vulnerabilities in greater details. The 

reason is that despite that our country-set belongs to the single currency Euro-area, 

there are different characteristics among these countries. These different 

characteristics could potentially provide a diverse range of leading indicators that 

could suggest banking and sovereign distress before the onset of another financial 

crisis. 
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Appendices 

Table A.1: Definitions per Indicator presented in Chapter 2 

 

Names of Indicators 

 

 

Definitions 

Current Account Balance as 

% of GDP 

 

The Current account provides information about the transactions of a country 

with the rest of the world. It covers all transactions (other than those in 

financial items) in goods, services, primary income, and secondary income 

which occur between resident and non-resident units. The data are expressed 

as % of GDP. The financial flows are marked as a credit, a debit or a net 

balance. 

 

Fiscal Budget Balance 

 

This indicator represents the government deficit/surplus that is the net 

borrowing/net lending of general government, as defined in the European 

system of national and regional accounts (ESA 2010). It is the difference 

between the revenue and the expenditure of the general government sector 

and it is represented as percentage of GDP. 

 

Nominal Unit Labour Cost 

 

The unit labour cost (ULC) is defined as the ratio of labour costs to labour 

productivity. It is the relationship between how much each worker is paid and 

the value he/she produces by their work. 

 

Private Sector Credit Flow 

 

The private sector credit flow represents the net amount of liabilities in which 

the sectors Non-Financial corporations and Households and Non-Profit 

institutions serving households have incurred along the year. The instruments 

that are taken into account to compile private sector credit flow are Debt 

securities and Loans. Data are presented in consolidated terms, i.e. data do not 

take into account transactions within the same sector and expressed in 

percentage of GDP and in million units of national currency. Definitions 

regarding sectors and instruments are based on the ESA 2010.  The MIP 

scoreboard indicator is expressed in % of GDP. 

 

House Price Index 

 

The deflated house price index (or real house price index) is the ratio between 

the house price index (HPI) and the national accounts deflator for private final 

consumption expenditure (households and non-profit institutions serving 

households (NPISHs)). This indicator therefore measures inflation in the 

house market relative to inflation in the final consumption expenditure of 

households and NPISHs.  Eurostat HPI captures price changes of all 

residential properties purchased by households (flats, detached houses, 

terraced houses, etc.), both new and existing, independently of their final use 

and their previous owners. Only market prices are considered, self-build 

dwellings are therefore excluded. The land component is included.  The data 

are expressed as annual index 2015=100 and as 1 year % change. The MIP 

scoreboard indicator is the year-on-year growth rate of the deflated house 

price index, with an indicative threshold of 6%. 

 

Net International Investment 

Position 

 

The international investment position (IIP) is a statistical statement that shows 

at a point in time the value and composition of: financial assets of residents 

of an economy that are claims on non-residents and gold bullion held as 

reserve assets, and liabilities of residents of an economy to non-residents. The 
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difference between an economy’s external financial assets and liabilities is the 

economy’s net IIP, which may be positive or negative. Respectively the net 

international investment position (NIIP) provides an aggregate view of the net 

financial position (assets minus liabilities) of a country vis-à-vis the rest of 

the world. It allows for a stock-flow analysis of external position of the 

country. The MIP scoreboard indicator is the net international investment 

position expressed in percent of GDP. The indicator is based on the Eurostat 

data from the Balance of payment statistics. Definitions are based on the Sixth 

Edition of the IMF's Balance of Payments and International Investment 

Position Manual (BPM6). The indicative threshold is -35%. The MIP 

scoreboard indicator is calculated as: [NIIPt/GDPt]*100. 

 

Source: Eurostat 
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Table A.2: Profitability Ratios Definitions61 

Groups of 

Profitability 

Ratios 

Names of Indicators 
Descriptions according “The Fitch Universal 

Format on Bankscope” 

Interest Ratios 

Interest Income on Loans / Average 

Gross Loans 

This blended yield on loans is primarily influenced by 

the types of lending the bank conducts, pricing policy, 

and the impact of impaired loans on recognized 

income, all of which need to be considered when 

making comparisons among different banks. 

Interest Income / Average Earning 

Assets 

This ratio will generally be lower than the loan yield 

because of the lower yield of the investment portfolio. 

A yield higher than the loan yield may point to severe 

loan credit quality problems, or an aggressively priced 

portfolio. If the ratio is much lower, it may indicate a 

low level of loans to earning assets or a highly liquid 

portfolio. 

Interest Expense / Average Interest-

Bearing Liabilities 

This ratio measures the blended costs of all debt 

funding. 

Net Interest Income / Average 

Earnings Assets 

This measure, often called the net interest margin 

(NIM), of the level of spread‐based income needs to 

be analysed in the context of yield and expense ratios. 

Other 

Operating 

Profitability 

Ratios 

Non-Interest Income / Gross 

Revenues 

For many banks, fee‐based income has become an 

increasing part of the revenue stream. As with asset‐
based income, the sources need to be considered as 

well as the overall income contribution and its 

volatility. 

Non-Interest Expense / Gross 

Revenues 

This ratio, often call the efficiency or cost/income 

ratio, shows the extent to which operating expenses 

absorb operating revenues. It is most useful in the 

comparison of entities with similar business lines. It is 

often a headline ratio, leading to a “lower is better” 

mentality. 

Pre-Impairment Operating Profit / 

Average Equity 

This ratio needs to be evaluated in relationship to 

banks post‐impairment partners. It can be helpful in 

comparing banks with different impairment charging 

policies or levels. 

Operating Profit / Average Equity 

This is the pre‐tax “bottom‐line” ratio of a bank’s core 

operations, expressing sustainable core‐business 

profit before tax as a return on capital employed. 

Operating Profit / Average Total 

Assets 

More useful than ROA based on net income, however 

Fitch Ratings suggests that, this ratio is hard to analyse 

without first acquiring familiarity with the bank’s 

business and asset profile. 

Taxes / Pre-Tax Profit 

This is the effective tax rate and can be used as a proxy 

with operating profit to derive a sustainable 

profitability ratio. The appropriate level for this ratio 

will vary depending upon the tax rates of the localities 

in which it does business. It should be fairly consistent 

over time barring dramatic changes in tax rates. 

Operating Profit / Risk Weighted 

Assets 

 

Net Income / Average Total Equity 
This ratio is more useful to shareholders than ROA 

because the ability to earn a strong return on capital is 

                                                           
61 The definitions regarding the profitability ratios presented in this thesis were adopted from the Fitch 

Universal Format on Bankscope as they were published in April 2009. 
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Other 

Profitability 

Ratios 

an indicator of dividend capacity and stock price 

performance. It is necessary to consider the effect of 

leverage on this ratio and its sustainability. 

Net Income / Average Total Assets 

A combination of recurring and non‐recurring items, 

operating and non‐operating sources of revenue and 

expenses as well as its ignorance of asset‐based and 

non‐asset‐based operations leaves it severely flawed. 

Fitch Comprehensive Income / 

Average Total Equity 

By taking into account other comprehensive income 

(OCI) gains and losses that go directly to equity, Fitch 

comprehensive income comprises a more complete 

and comparative reflection of the bank’s activities 

during the period than net income. 

By incorporating items taken directly though equity, it 

become a more complete “bottom‐line” ratio than 

traditional ROE and ROA. Primary analysis, however, 

is still conducted on an operating basis62. 

Fitch Comprehensive Income / 

Average Total Assets 

Net Income / Risk Weighted Assets  

Capitalization 

Fitch Comprehensive Income / Risk 

Weighted Assets 

 

Tier 1 Regulatory Capital Ratio 
This regulatory ratio is presented as reported by the 

bank. 

Equity / Total Assets  

Net Income – Cash Dividends / Total 

Equity 

This ratio, sometimes called internal capital 

generation, measures the capital generated and 

retained by the bank excluding any external capital 

infusions. 

Source: (Bankscope, 2009) 

 

 

  

                                                           
62 For more information regarding the comprehensive income see: 

https://www.accountingcoach.com/blog/what-is-comprehensive-income 

 

https://www.accountingcoach.com/blog/what-is-comprehensive-income
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Table A.3: Loan Quality Ratios Definitions63 

Names of Indicators Descriptions according “The Fitch Universal Format on Bankscope” 

Growth of Total Assets 

Asset growth can result from both internal growth and business 

combinations. Rapid growth can be a key sign of over‐extension, but it is 

impossible to evaluate this ratio without considering the asset/liability 

mix, the growth and mix of off‐balance‐sheet volumes and the economic 

environment in which the bank is operating. 

Growth of Gross Loans 

This ratio should be evaluated in the context of the one above to determine 

the effect of strategic direction or business combinations. If loans are 

growing at a significantly different rate from assets, it may indicate a 

change in business strategy. It is also important to remember that rapid 

loan growth diminishes the apparent magnitude of charge‐off and 

impairment ratios, because of the relatively high volume of unseasoned 

loans. 

Impaired Loans (NPLs) / Gross Loans 
This ratio should be evaluated in comparison with other banks and over 

time. 

Reserves for Impaired Loans / Gross 

Loans 

This ratio needs to be analysed in terms of the bank’s loan mix, 

considering what might be appropriate for each type of loan the bank 

makes and then building an appropriate blended allowance. 

Reserves for Impaired Loans / 

Impaired Loans 

The trend of this ratio is important, but its usefulness will relate to how 

effective a bank is in identifying specific impaired loans. It is also 

important to recognize that the performing portfolio needs to be reserved 

against for expected risk as well, although accounting standards may not 

allow for this. 

Impaired Loans less Reserves for 

Impaired Loans / Equity 

As equity is the ultimate cushion for loan losses, it is important to monitor 

the trend and level of this ratio. 

Loan Impaired Charges / Average 

Gross Loans 

This ratio measures the income statement impact of credit quality 

management against the size of the loan portfolio. 

Impaired Loans + Foreclosed assets / 

Gross Loans + Foreclosed Assets 

Primarily used for US banks, this ratio includes real estate acquired as the 

result of mortgage loan foreclosures. Note that a rising level of non‐
performing ratios and a falling level of charge‐offs is highly suspect, while 

the reverse can signal a clean‐up period. 

Source: (Bankscope, 2009) 

 

 

 

 

 

 

 

                                                           
63 The definitions regarding the loan quality ratios presented in this thesis were adopted from the Fitch 

Universal Format on Bankscope as they were published in April 2009. 
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Table A.4: Definitions for the Annually Country-Based Macroeconomic and 

Financial Indicators64 

Names of Indicators(Data Provider) 
Descriptions according to Eurostat and Datastream selections, 

functions & datatypes 

Government Bond Spread(Datastream) 

Datastream provide the relevant Government Bond Spreads for each 

country following the calculation: Respective Government Benchmark 

Bid Yield 10 Years minus the German Government Benchmark Bid 

Yield 10 Years for the selected countries utilised in this Thesis. 

(Datastream calculations. The codes are available upon request.) 

Government Bond Yield(Datastream) Government Benchmark Bid Yield 10 Years. 

House Price Index (annual % change) 

(Eurostat) 

See Table A.1 

Stock Exchange(Datastream) 
Stock Exchange general indexes for the selected countries utilised in 

this Thesis. 

Fiscal Budget Balance(Eurostat) See Table A.1 

GDP Growth(Datastream) 

Gross domestic product (GDP) at market prices is the final result of the 

production activity of resident producer units. In our research we 

provide the year-to-year % growth of the GDP at total, constant prices. 

Datastream provide the data as they are announced from the Statistics 

Offices of the selected countries (for more information see footnote)65.   

 

Debt as % of GDP(Datastream) 

This indicator is defined (in the Maastricht Treaty) as consolidated 

general government gross debt at nominal (face) value, outstanding at 

the end of the year in the following categories of government liabilities 

(as defined in ESA 2010): currency and deposits, debt securities and 

loans. The general government sector comprises the subsectors: central 

government, state government, and local government and social security 

funds. 

Datastream provide the data as they are announced from the Statistics 

Offices of the selected countries (for more information see footnote No. 

66) 

Inflation(Datastream) 

The Inflation Rate is an economic indicator used to objectively measure 

the evolution of prices of a basket of goods and services purchased by 

households over time 

Datastream provide the data as they are announced from the Statistics 

Offices of the selected countries (for more information see footnote No. 

66). 

Private Sector Credit Flow as % of 

GDP(Eurostat) 

See Table A.1 

Private Sector Debt as % of GDP(Eurostat) 

The Private Sector Debt is the stock of liabilities (at the end of the year) 

held by the sectors Non-Financial corporations and Households and 

Non-Profit institutions serving households. The instruments that are 

                                                           
64 The definitions regarding the annually country-based macroeconomic and financial indicators 

presented in this thesis were adopted from the source providers Datastream and Eurostat. 

65 Statistics Offices of the 13 selected countries utilised in this Thesis: INSEE - National Institute for 

Statistics and Economic Studies, France; Statistics, Austria; Federal Statistics Office, Germany; CSO 

- Central Statistics Office, Ireland; ISTAT - National Institute of Statistics, Italy; CBS – Statistics, 

The Netherlands; INE - National Institute of Statistics, Portugal; INE - National Statistics Institute, 

Spain; National Bank of Belgium, Belgium; ONS - Office for National Statistics, United Kingdom; 

Statistics, Denmark; SCB - Statistics Sweden; Statistics Finland. 
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taken into account to compile private sector debt are Debt securities and 

Loans. 

Long-Term Unemployment rate  % of 

active population aged 15-74(Eurostat) 

The long-term unemployment rate is the number of persons unemployed 

for 12 months or longer as a percentage of the labour force (i.e. 

economically active population). The unemployment rate is the number 

of unemployed persons as a percentage of the labour force (the total 

number of people employed and unemployed) based on International 

Labour Office (ILO) definition. 

Real Effective Exchange Rate(Eurostat) 

The Real Effective Exchange Rate (REER) aims to assess a country's 

price or cost competitiveness relative to its principal competitors in 

international markets. Changes in cost and price competitiveness 

depend not only on exchange rate movements but also on cost and price 

trends. A rise in the index means a loss of competitiveness. 

Net International Investment Position as 

% of GDP(Eurostat) 

See Table A.1 

1 year Euribor(Eurostat) 

The EURIBOR® (or euro interbank offered rate) is the interest rate at 

which a prime bank (top international bank) is willing to lend funds in 

euro to another prime bank. 

The Euribor rates are based on the interest rates at which a panel of 

European banks borrow funds from one another. In the calculation, the 

highest and lowest 15% of all the quotes collected are eliminated. The 

remaining rates will be averaged and rounded to three decimal places. 

Domestic Market Value(Datastream) 

Regarding the annual domestic market values for our country set, 

Datastream suggests to use the market value datatype that is calculated 

from the constituents of the sector/market lists for each country. Index 

market value on Datastream is the sum of share price multiplied by the 

number of ordinary shares in issue for each index constituent. 

(Datastream calculations. The codes are available upon request.) 

Banking Sector Indices(Datastream) 

Datastream provide a number of banking sector indices for country level 

such as stock returns, price/earnings ratio etc. We are seriously 

considering using a number of them for our future research on this issue. 

However, for the thesis it was decided to use the banking sector price 

index that is the default datatype for equity indices66. 

(Datastream calculations. The codes are available upon request.) 

Banking Beta(Datastream) 

The banking beta is defined as “the measure of an asset's risk in relation 

to the market” (Demirgüç-Kunt, Detragiache and Ouarda, 2013, p. 35). 

Despite that Datastream does not have any BETA datatype for index 

level, they are able to provide an expression in order to obtain it. 

(Datastream calculations. The codes are available upon request.) 

Source: Datastream & Eurostat. 

 

 

 

 

 

                                                           
66 Datastream calculates its own aggregate sector and market price indices, together with associated 

aggregations such as sector price/earnings ratio (PE) and dividend yield (DY). Sector and market 

aggregations are weighted by market value and are calculated using a representative list of shares. 
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Table A.5: List of the Systemic Banks per Country accompanied with the relative 

data availability w.r.t. the time-span 

Country Systemic Bank Data time-span 

Ireland 

1. Bank of Ireland-Governor and Company of the Bank of 

Ireland 

2. Allied Irish Banks Plc 

3. Permanent TSB Plc 

2006-2015 

2004-2015 

2005-2015 

Portugal 

4. Banco BPI SA 

5. Banco Comercial Português, SA-Millennium 

6. Caixa Geral de Depositos 

2005-2015 

2004-2015 

2005-2015 

Finland 7. OP-Pohjola Group Central Cooperative 2005-2015 

Austria 

8. Erste Group Bank AG 

9. Raiffeisenlandesbank Oberösterreich AG 

10. Raiffeisen Zentralbank Oesterreich AG 

2001-2015 

2008-2015 

2001-2015 

Belgium 

11. AXA Bank Europe SA/NV 

12. Belfius Banque SA/NV 

13. Dexia SA 

14. KBC Groep NV 

2005-2015 

2005-2015 

2005-2015 

2005-2015 

Netherlands 

15. ABN AMRO Bank NV 

16. Bank Nederlandse Gemeenten NV 

17. Cooperatieve Rabonbank U.A. 

18. ING Bank NV 

19. SNS Bank NV 

2012-2015 

2012-2015 

2004-2015 

2005-2015 

2006-2015 

France 

20. Banque PSA Finance SA 

21. BNP Paribas 

22. BPCE Group 

23. Crédit Agricole-Crédit Agricole Group 

24. La Banque Postale 

25. RCI Banque SA 

26. SFIL 

27. Société Générale SA 

2012-2015 

2007-2015 

2008-2015 

2005-2015 

2006-2015 

2014-2015 

2012-2015 

2005-2015 

Spain 

28. Banco Bilbao Vizcaya Argentaria SA 

29. Banco de Sabadell SA 

30. Banco Mare Nostrum Group 

31. Banco Mare Nostrum SA 

32. Banco Popular Espanol SA 

33. Banco Santander SA 

34. Bankinter SA 

35. Caja de Ahorros y Monte de Piedad de Zaragoza, 

Aragon y Rioja-Ibercaja 

36. Kutxabank SA 

37. Liberbank SA 

38. Abanca Corporacion Bancaria SA 

39. BFA Tenedora de Acciones SAU 

40. Cajamar Caja Rural S.C.C. 

41. Catalunya Banc SA 

42. Fundacion Bancaria Caixa D Estalvis I Pensions De 

Barcelona 

2004-2015 

2004-2015 

2011-2015 

2008-2015 

2004-2015 

2004-2015 

2004-2015 

2004-2013 

 

2008-2015 

2007-2015 

2011-2015 

2008-2015 

2004-2015 

2011-2015 

2004-2015 

Italy 

43. Banca Carige SpA 

44. Banca Monte dei Paschi di Siena 

45. Banca Piccolo Credito Valtellinese 

46. Banca Popolare dell’Emilia Romagna 

47. Banca Popolare di Milano SCaRL 

48. Banca Popolare di Sondrio Societa Cooperativa per 

Azioni 

49. Banca Popolare di Vicenza Societa Cooperativa per 

Azioni 

2004-2015 

2005-2015 

2005-2015 

2005-2015 

2005-2015 

2005-2015 

2005-2015 

2006-2015 

2005-2015 
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50. Banco Popolare - Società Cooperativa 

51. Iccrea Holding SpA 

52. Intesa Sanpaolo 

53. Mediobanca SpA - Banca di Credito Finanziario 

Società per Azioni 

54. UniCredit SpA 

2007-2015 

2006-2010, 2012-

2015 

 

2006-2015 

Germany 

55. Aareal Bank AG 

56. Bayerische Landesbank 

57. Commerzbank AG 

58. DekaBank Deutsche Girozentrale AG 

59. Deutsche Bank AG 

60. DZ Bank AG-Deutsche Zentral-Genossenschaftsbank 

61. HSH Nordbank AG 

62. Hypo Real Estate Holding AG 

63. IKB Deutsche Industriebank AG 

64. KfW Ipex-Bank Gmbh 

65. Landesbank Baden-Wuerttemberg 

66. Landesbank Berlin Holding AG-LBB Holding AG 

67. Landesbank Hessen-Thueringen Girozentrale 

68. Norddeutsche Landesbank Girozentrale 

69. NRW.BANK 

70. Volkswagen Financial Services AG 

71. WGZ-Bank AG Westdeutsche Genossenschafts-

Zentralbank 

72. Wuestenrot Bank AG Pfandbriefbank 

73. Wüstenrot Bausparkasse AG 

2004-2015 

2006-2015 

2001-2015 

2005-2015 

2006-2015 

2006-2015 

2006-2015 

2003-2014 

2003-2005, 2013-

2015 

2009-2015 

2006-2015 

2005-2012 

2007-2015 

2006-2015 

2005-2006, 2012-

2015 

2007-2015 

2012-2015 

2009-2012 

2007-2012 

Denmark 

74. Danske Bank A/S 

75. Nykredit Bank A/S 

76. Jyske Bank A/S (Group) 

77. Sydbank A/S 

2004-2015 

2005-2015 

2004-2015 

2005-2015 

Sweden 

78. Nordea Bank AB (publ) 

79. Skandinaviska Enskilda Banken AB 

80. Svenska Handelsbanken 

81. Swedbank AB 

2005-2015 

2005-2015 

2005-2015 

2005-2015 

UK 

82. Barclays Plc 

83. HSBC Holdings Plc 

84. Lloyds Banking Group Plc 

85. Royal Bank of Scotland Group Plc 

2004-2015 

2004-2015 

2005-2015 

2005-2015 

Source: Bankscope 

 

 

 

 

 

 

 

 



 

161 
 

Figure A.1: Graphical illustration of the Impaired Loans (NPLs) / Gross Loans ratio 

for the 85 Systemic Banks 
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Note: The red and black horizontal lines represent the 5% and 10% cut-off values respectively for the 

identification of Banking Distress based on the NPLs exposures per systemic bank. 
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Table A.6: Estimation Results of the PDPREM for the Banking Profitability Ratios 

(pr) at time t-2 for possible Banking Distress given the NPLs / Gross Loans ratio at 

time t 

Panel 

81 Systemic Banks 

No of Observations 

638 

Probit 

Cut-off value for tiY ,  5% 

Panel 

81 Systemic Banks 

No of Observations 

623 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables pr_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables pr_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Interest Income / 

Average Earning 

Assets 

0.1699*** 0.0507 Interest Income on 

Loans / Average 

Gross Loans 

-0.0324** 0.0133 

Interest Expense / 

Average Interest-

Bearing Liabilities 

-0.1863*** 0.4989 Net Interest Income / 

Average Earnings 

Assets 

0.0462* 0.0266 

Pre-Impairment 

Operating Profit / 

Average Equity 

0.01395*** 0.0029 
Operating Profit / 

Risk Weighted Assets 

-0.0384** 0.0175 

Operating Profit / 

Average Total 

Assets 

-0.4836*** 0.1117 
Net Income / Average 

Total Equity 

-0.2600*** 0.0931 

Taxes / Pre-Tax 

Profit 

-0.0004* 0.0002 Net Income / Risk 

Weighted Assets 

0.0938** 0.0383 

Operating Profit / 

Risk Weighted 

Assets 

-0.0411 0.0448 
Tier 1 Regulatory 

Capital Ratio 

-0.0107** 0.0052 

Fitch 

Comprehensive 

Income / Average 

Total Assets 

-0.2611*** 0.0835 

 

  

Fitch 

Comprehensive 

Income / Risk 

Weighted Assets 

0.0887*** 0.0294 

 

  

Tier 1 Regulatory 

Capital Ratio 

-0.0201** 0.0082 
 

  

Equity / Total 

Assets  

0.0657*** 0.0136 
 

  

Predictive Power 0.4350 Predictive Power 0.2783 

Notes 
(i) pr_lag(i) refers to the ith year lag of the variables pr that in this instance is 2.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 

 

 

  



 

165 
 

Table A.7: Estimation Results of the PDPREM for the Banking Profitability Ratios 

(pr) at time t-3 for possible Banking Distress given the NPLs / Gross Loans ratio at 

time t 

Panel 

79 Systemic Banks 

No of Observations 

564 

Probit 

Cut-off value for tiY ,  5% 

Panel 

79 Systemic Banks 

No of Observations 

548 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables pr_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables pr_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Interest Income / 

Average Earning 

Assets 

0.1496** 0.0592 Interest Income on 

Loans / Average 

Gross Loans 

-0.0455** 0.0195 

Interest Expense / 

Average Interest-

Bearing Liabilities 

-0.1496*** 0.0581 Interest Expense / 

Average Interest-

Bearing Liabilities 

0.0137 0.0109 

Pre-Impairment 

Operating Profit / 

Average Equity 

0.0128*** 0.0038 Net Interest Income / 

Average Earnings 

Assets 

0.0502 0.0354 

Operating Profit / 

Average Total 

Assets 

-0.2720** 0.1256 
Operating Profit / 

Risk Weighted Assets 

-0.0186 0.0167 

Taxes / Pre-Tax 

Profit 

-0.0006* 0.0003 Net Income / Average 

Total Equity 

0.0087*** 0.0030 

Operating Profit / 

Risk Weighted 

Assets 

-0.0514 0.0564 
Net Income / Average 

Total Assets 

-0.2922*** 0.1059 

Fitch 

Comprehensive 

Income / Average 

Total Assets 

-0.2801*** 0.1007 

Tier 1 Regulatory 

Capital Ratio 

-0.0142* 0.0073 

Fitch 

Comprehensive 

Income / Risk 

Weighted Assets 

0.0755** 0.0373 

Equity / Total Assets 

0.0163* 0.0098 

Tier 1 Regulatory 

Capital Ratio 

-0.0176* 0.0103 
 

  

Equity / Total 

Assets 

0.0768*** 0.0160 
 

  

Predictive Power 0.3252 Predictive Power 0.2258 

Notes 
(i) pr_lag(i) refers to the ith year lag of the variables pr that in this instance is 3.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.8: Estimation Results of the PDPREM for the Banking Loan Quality Ratios 

(lq) at time t-2 for possible Banking Distress given the NPLs / Gross Loans ratio at 

time t 

Panel 

85 Systemic Banks 

No of Observations 

629 

Probit 

Cut-off value for tiY ,  5% 

Panel 

85 Systemic Banks 

No of Observations 

623 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables lq_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables lq_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Growth of Total 

Assets 

0.0039*** 0.0009 Growth of Gross 

Loans 

0.0014** 0.0007 

Loan Impaired 

Charges / Average 

Gross Loans 

0.1496*** 0.0369 
Reserves for Impaired 

Loans / Gross Loans 

-0.0257** 0.0106 

Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0713*** 0.0063 
Reserves for Impaired 

Loans / Impaired 

Loans 

0.0003* 0.0001 

 

  Loan Impaired 

Charges / Average 

Gross Loans 

0.0567*** 0.0203 

 

  Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0371*** 0.0069 

Predictive Power 0.5409 Predictive Power 0.5087 

Notes 
(i) “lq_lag(i)” refers to the ith year lag of the variables lq that in this instance is 2.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.9: Estimation Results of the PDPREM for the Banking Loan Quality Ratios 

(lq) at time t-3 for possible Banking Distress given the NPLs / Gross Loans ratio at 

time t 

Panel 

83 Systemic Banks 

No of Observations 

547 

Probit 

Cut-off value for tiY ,  5% 

Panel 

85 Systemic Banks 

No of Observations 

586 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables lq_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables lq_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Growth of Gross 

Loans 

0.0019 0.0015 Reserves for Impaired 

Loans / Gross Loans 

-0.0538*** 0.0153 

Loan Impaired 

Charges / Average 

Gross Loans 

0.1363*** 0.0526 Reserves for Impaired 

Loans / Impaired 

Loans 

0.0004** 0.0001 

Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0669*** 0.0097 Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0504*** 0.0121 

Predictive Power 0.3662 Predictive Power 0.3253 

Notes 
(i) “lq_lag(i)” refers to the ith year lag of the variables lq that in this instance is 3.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.10: Estimation Results of the PDPREM for the Macroeconomic as well as 

Financial indicators (mf) at time t-2 for possible Banking Distress given the NPLs / 

Gross Loans ratio at time t 

Panel 

85 Systemic Banks 

No of Observations 

870 

Probit 

Cut-off value for tiY ,  

5% 

Panel 

85 Systemic Banks 

No of Observations 

874 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables 

mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Banking Sector 

Index 

Annual % Change 

0.0007** 0.0003 
Banking Sector Index 

Annual % Change 

0.0003 0.0002 

House Price Index 

Annual % Change 

-0.0097*** 0.0029 House Price Index 

Annual % Change 

-0.0042** 0.0017 

Euribor (%) 
0.0206* 0.0106 Stock Exchange 

Annual % Change 

-0.0013*** 0.0004 

Real Effective 

Exchange Rate (%) 

-0.0068*** 0.0025 Long-Term 

Unemployment (%) 

0.0275*** 0.0017 

Current Account 

Balance as % of 

GDP 

-0.0160*** 0.0039 

Debt as % of GDP 

0.0013*** 0.0004 

GDP Growth (%) -0.0156** 0.0067    

Private Sector 

Credit Flow as % 

of GDP 

-0.0047* 0.0026 

 

  

Debt as % of GDP 0.0023** 0.0009    

Long-Term 

Unemployment 

(%) 

0.0453*** 0.0100 

 

  

Predictive Power 0.4167 Predictive Power 0.4354 

Notes 
(i) “mf_lag(i)” refers to the ith year lag of the variables mf that in this instance is 2.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.11: Estimation Results of the PDPREM for the Macroeconomic as well as 

Financial indicators (mf) at time t-3 for possible Banking Distress given the NPLs / 

Gross Loans ratio at time t 

Panel 

85 Systemic Banks 

No of Observations 

785 

Probit 

Cut-off value for tiY ,  

5% 

Panel 

85 Systemic Banks 

No of Observations 

785 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory 

Variables 

mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory 

Variables mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Debt as % of GDP 

0.0010 0.0009 Banking Sector 

Index 

Annual % Change 

0.0008*** 0.0003 

House Price Index 

Annual % Change 

-0.0116*** 0.0025 House Price Index 

Annual % Change 

-0.0055** 0.0022 

Long-Term 

Unemployment 

(%) 

0.0457*** 0.0099 
Stock Exchange 

Annual % Change 

-0.0019*** 0.0007 

Banking Beta (%) 

-0.0369 0.0406 Fiscal Budget 

Balance as % of 

GDP 

0.0088** 0.0038 

Current Account 

Balance as % of 

GDP 

-0.0282*** 0.0051 Current Account 

Balance as % of 

GDP 

-0.0247*** 0.0018 

GDP Growth (%) 
-0.0200*** 0.0073 Private Sector Credit 

Flow as % of GDP 

0.0008 0.0018 

Banking Sector 

Index 

Annual % Change 

0.0011*** 0.0004 

Inflaion (%) 

-0.0309*** 0.0079 

   Debt as % of GDP 0.0015* 0.0007 

   
Long-Term 

Unemployment (%) 

0.0415*** 0.0045 

Predictive Power 0.3615 Predictive Power 0.3918 

Notes 
(i) “mf_lag(i)” refers to the ith year lag of the variables mf that in this instance is 3.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.12: Estimation Results of the PDPREM with the combination of Banking, 

Macroeconomic and Financial indicators (pr, lq & mf) at time t-2 for possible 

Banking Distress given the NPLs / Gross Loans ratio at time t 

Panel 

80 Systemic Banks 

No of Observations 560 

Probit 

Cut-off value for tiY ,  

5% 

Panel 

79 Systemic Banks 

No of Observations 543 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory Variables 

pr/lq/mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory Variables 

pr/lq/mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Interest Income / 

Average Earning 

Assets 

0.0029 0.0341 Interest Income on 

Loans / Average Gross 

Loans 

-0.0286*** 0.0105 

Interest Expense / 

Average Interest-

Bearing Liabilities 

0.0013 0.0349 Net Interest Income / 

Average Earnings 

Assets 

0.0715*** 0.0260 

Pre-Impairment 

Operating Profit / 

Average Equity 

0.0063** 0.0025 
Operating Profit / Risk 

Weighted Assets 

-0.0087 0.0140 

Operating Profit / 

Average Total Assets 

-0.0052 0.0848 Net Income / Average 

Total Assets 

-0.1397*** 0.0514 

Taxes / Pre-Tax Profit 
-0.00005 0.0001 Net Income / Risk 

Weighted Assets 

0.0450* 0.0265 

Operating Profit / Risk 

Weighted Assets 

-0.0968*** 0.0331 Tier 1 Regulatory 

Capital Ratio 

-0.0137** 0.0059 

Fitch Comprehensive 

Income / Average Total 

Assets 

-0.1013* 0.0557 

Growth of Gross Loans 

0.0014** 0.0006 

Fitch Comprehensive 

Income / Risk 

Weighted Assets 

0.0647*** 0.0209 
Reserves for Impaired 

Loans / Gross Loans 

-0.0091 0.0069 

Tier 1 Regulatory 

Capital Ratio 

-0.0164** 0.0069 Reserves for Impaired 

Loans / Impaired Loans 

0.0006** 0.0003 

Equity / Total Assets 
0.0192* 0.0100 Loan Impaired Charges 

/ Average Gross Loans 

-0.0193 0.0157 

Growth of Total Assets 

0.0024*** 0.0008 Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0124** 0.0053 

Loan Impaired Charges 

/ Average Gross Loans 

0.0121 0.0483 Banking Sector Index 

Annual % Change 

0.00005 0.0002 

Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0751*** 0.0101 

House Price Index 

Annual % Change 

-0.0011 0.0020 

Banking Sector Index 

Annual % Change 

0.0012** 0.0005 Stock Exchange 

Annual % Change 

-0.0013* 0.0007 

House Price Index 

Annual % Change 

-0.0071* 0.0043 Long-Term 

Unemployment (%) 

0.0388*** 0.0081 

Euribor (%) 0.0710*** 0.0169 Debt as % of GDP -0.0001 0.0005 

Real Effective 

Exchange Rate (%) 

-0.0079** 0.0036 
 

  

Current Account 

Balance as % of GDP 

-0.0004 0.0043 
 

  

GDP Growth (%) -0.0060 0.0079    
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Private Sector Credit 

Flow as % of GDP 

0.0018 0.0036 
 

  

Debt as % of GDP 0.0005 0.0008    

Long-Term 

Unemployment (%) 

0.0309*** 0.0119 
 

  

Predictive Power 0.6944 Predictive Power 0.4605 

Notes 
(i) “pr_lag(i), lq_lag(i) & mf_lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this 

instance is 2.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively.  
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Table A.13: Estimation Results of the PDPREM with the combination of Banking, 

Macroeconomic and Financial indicators (pr, lq & mf) at time t-3 for possible 

Banking Distress given the NPLs / Gross Loans ratio at time t 

Panel 

77 Systemic Banks 

No of Observations 487 

Probit 

Cut-off value for tiY ,  

5% 

Panel 

76 Systemic Banks 

No of Observations 484 

Probit 

Cut-off value for tiY ,  

10% 

Explanatory Variables 

pr/lq/mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Explanatory Variables 

pr/lq/mf_lag(i) 

Estimated 

Average 

Marginal 

Effects 

Standard 

Errors 

Interest Income / 

Average Earning 

Assets 

0.0068 0.0477 
Interest Income on Loans 

/ Average Gross Loans 

-0.0390*** 0.0142 

Interest Expense / 

Average Interest-

Bearing Liabilities 

0.0129 0.0484 Interest Expense / 

Average Interest-Bearing 

Liabilities 

0.0276*** 0.0107 

Pre-Impairment 

Operating Profit / 

Average Equity 

0.0051 0.0032 
Net Interest Income / 

Average Earnings Assets 

0.0788** 0.0377 

Operating Profit / 

Average Total Assets 

0.1082 0.1140 Operating Profit / Risk 

Weighted Assets 

0.0048 0.0161 

Taxes / Pre-Tax Profit 
-0.0004 0.0002 Net Income / Average 

Total Equity 

0.0044** 0.0017 

Operating Profit / Risk 

Weighted Assets 

-0.0903* 0.0474 Net Income / Average 

Total Assets 

-0.1643** 0.0697 

Fitch Comprehensive 

Income / Average Total 

Assets 

-0.1965** 0.0813 
Tier 1 Regulatory Capital 

Ratio 

-0.0154** 0.0070 

Fitch Comprehensive 

Income / Risk 

Weighted Assets 

0.0936*** 0.0330 

Equity / Total Assets 

0.0119 0.0096 

Tier 1 Regulatory 

Capital Ratio 

-0.0323*** 0.0106 Reserves for Impaired 

Loans / Gross Loans 

-0.0596*** 0.0177 

Equity / Total Assets 
0.0229 0.0145 Reserves for Impaired 

Loans / Impaired Loans 

-0.0003 0.0004 

Growth of Gross Loans 

0.0005 0.0012 Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0327*** 0.0105 

Loan Impaired Charges 

/ Average Gross Loans 

0.0408 0.0642 Banking Sector Index 

Annual % Change 

0.0009** 0.0004 

Impaired Loans + 

Foreclosed Assets / 

Gross Loans + 

Foreclosed Assets 

0.0620*** 0.0131 

House Price Index 

Annual % Change 

-0.0093** 0.0038 

Debt as % of GDP -0.0005 0.0012 Stock Exchange 

Annual % Change 

-0.0012 0.0011 

House Price Index 

Annual % Change 

-0.0097** 0.0042 Fiscal Budget Balance as 

% of GDP 

0.0105** 0.0046 

Long-Term 

Unemployment (%) 

0.0256* 0.0144 Current Account Balance 

as % of GDP 

-0.0153*** 0.0052 

Banking Beta (%) 
-0.1334* 0.0703 Private Sector Credit 

Flow as % of GDP 

0.0036 0.0030 

Current Account 

Balance as % of GDP 

-0.0103** 0.0049 
Inflation (%) 

-0.0303*** 0.0112 
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GDP Growth (%) -00010 0.0109 Debt as % of GDP 0.0010 0.0008 

Banking Sector Index 

Annual % Change 

0.0010 0.0007 Long-Term 

Unemployment (%) 

0.0398 0.0084 

Predictive Power 0.5578 Predictive Power 0.5567 

Notes 
(i) “pr_lag(i), lq_lag(i) & mf_lag(i)” refers to the ith year lag of the variables pr, lq & mf that in this 

instance is 3.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively.  
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Figure A.2: Graphical illustration of the Government Bond Spreads for 12 EU 

Member States 

Figures A.2: Graphical illustration of the Government Bond Spreads for 12 EU Member States 
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Note: The red horizontal line represent the two standard deviations above each country’s 

Government Bond Spreads mean. The mean and the standard deviation for each country was 

calculated for the time period 2001-2009. 
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Table A.14: Estimation Results of the PDPREM for the Combined Banking 

Profitability & Loan Quality Ratios (pr & lq) at time t-2 for possible Sovereign 

Distress Probabilities given the Government Bond Spreads (GBS) at time t 

Panel 

13 Countries 

No of Observations 122 

Probit 

Cut-off value for tiY , = 1  

2 std. deviations above the country mean. 

Explanatory Variables lagged at time t-2 

Estimated Average Marginal Effects 

& 

Standard Errors 

Interest Income on Loans / Average Gross Loans -0.0342 0.0397 

Interest Income / Average Earning Assets 0.0936** 0.0452 

Pre-Impairment Operating Profit / Average Equity 0.0165** 0.0078 

Operating Profit / Average Total Assets -1.734*** 0.6666 

Operating Profit / Risk Weighted Assets 0.7516** 0.3079 

Net Income / Average Total Assets 1.8790*** 0.7106 

Fitch Comprehensive Income / Average Total Assets -0.4500*** 0.1587 

Net Income / Risk Weighted Assets -0.7858** 0.3286 

Equity / Total Assets 0.1037** 0.0474 

Impaired Loans (NPLs) / Gross Loans -0.5420 0.3678 

Impaired Loans + Foreclosed Assets / Gross Loans + 

Foreclosed Assets 
0.5235 

0.3692 

Predictive Power 0.4709 

Notes 
(i) pr_lag(i) & lq_lag(i) refers to the ith year lag of the variables pr & lq that in this instance is 2.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.15: Estimation Results of the PDPREM for the Combined Banking 

Profitability & Loan Quality Ratios (pr & lq) at time t-3 for possible Sovereign 

Distress Probabilities given the Government Bond Spreads (GBS) at time t 

Panel 

12 Countries 

No of Observations 109 

Probit 

Cut-off value for tiY , = 1  

2 std. deviations above the country mean. 

Explanatory Variables lagged at time t-3 

Estimated Average Marginal Effects 

& 

Standard Errors 

Interest Income on Loans / Average Gross Loans -0.0543 0.0426 

Interest Income / Average Earning Assets 0.6603 0.5054 

Interest Expense / Average Interest-Bearing Liabilities 0.6966 0.4728 

Net Interest Income / Average Earnings Assets 1.0562* 0.5582 

Non-Interest Income / Gross Revenues 0.0060 0.0062 

Net Income / Average Total Equity  -0.0296* 0.0176 

Fitch Comprehensive Income / Average Total Equity 0.0431** 0.0173 

Fitch Comprehensive Income / Average Total Assets -0.8486*** 0.3304 

Net Income / Risk Weighted Assets 0.6807*** 0.2624 

Fitch Comprehensive Income / Risk Weighted Assets -0.4909** 0.2484 

Equity / Total Assets 0.0472 0.0801 

Impaired Loans (NPLs) / Gross Loans -0.8176* 0.4904 

Reserves for Impaired Loans / Impaired Loans  0.0001 0.0013 

Impaired Loans + Foreclosed Assets / Gross Loans + 

Foreclosed Assets 
0.8207* 

0.4950 

Predictive Power 0.4665 

Notes 
(i) pr_lag(i) & lq_lag(i) refers to the ith year lag of the variables pr & lq that in this instance is 3.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.16: Estimation Results of the PDPREM for the Macroeconomic as well as 

Financial indicators (mf) at time t-2 for possible Sovereign Distress Probabilities 

given the Government Bond Spreads (GBS) at time t 

Panel 

13 Countries 

No of Observations 137 

Probit 

Cut-off value for tiY , = 1  

2 std. deviations above the country mean. 

Explanatory Variables lagged at time t-3 

Estimated Average Marginal Effects 

& 

Standard Errors 

Stock Exchange Annual % Change -0.0014 0.0016 

Current Account Balance as % of GDP -0.0215*** 0.0063 

Long-Term Unemployment (%) 0.0690*** 0.0187 

Inflation (%) -0.0488* 0.0294 

Debt as % of GDP 0.0045*** 0.0011 

Euribor (%) 0.0807** 0.0316 

Predictive Power 0.4027 

Notes 
(i) mf_lag(i) refers to the ith year lag of the variables mf that in this instance is 2.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.17: Estimation Results of the PDPREM for the Macroeconomic as well as 

Financial indicators (mf) at time t-3 for possible Sovereign Distress Probabilities 

given the Government Bond Spreads (GBS) at time t 

Panel 

13 Countries 

No of Observations 124 

Probit 

Cut-off value for tiY , = 1  

2 std. deviations above the country mean. 

Explanatory Variables lagged at time t-3 

Estimated Average Marginal Effects 

& 

Standard Errors 

Current Account Balance as % of GDP -0.0266*** 0.0063 

Long-Term Unemployment (%) 0.0550*** 0.0201 

Debt as % of GDP 0.0045*** 0.0012 

Euribor (%) 0.0859** 0.0362 

Predictive Power 0.3061 

Notes 
(i) mf_lag(i) refers to the ith year lag of the variables mf that in this instance is 3.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.18: Estimation Results of the PDPREM for the combination of Banking, 

Macroeconomic & Financial indicators (pr, lq & mf) at time t-2 for possible 

Sovereign Distress Probabilities given the Government Bond Spreads at time t 

Panel 

13 Countries 

No of Observations 110 

Probit 

Cut-off value for tiY , = 1 

2 Std. Deviations above the country mean. 

Explanatory Variables pr_lag(i),  lq_lag(i) & 

mf_lag(i) 

Estimated Average Marginal Effects & Standard 

Errors 

Interest Income on Loans / Average Gross 

Loans 
-0.0585 

0.0381 

Interest Income / Average Earning Assets 0.0383 0.0348 

Pre-Impairment Operating Profit / Average 

Equity 
0.0163** 

0.0082 

Operating Profit / Average Total Assets -1.4842*** 0.5189 

Operating Profit / Risk Weighted Assets 0.7018*** 0.2292 

Net Income / Average Total Assets 1.6934*** 0.5291 

Fitch Comprehensive Income / Average Total 

Assets 
-0.4669*** 

0.1507 

Net Income / Risk Weighted Assets -0.6277*** 0.2399 

Equity / Total Assets 0.0476 0.0362 

Impaired Loans (NPLs) / Gross Loans -0.4892 0.6207 

Impaired Loans + Foreclosed Assets / Gross 

Loans + Foreclosed Assets 
0.4824 

0.6223 

Stock Exchange 

Annual % Change 
0.0007 

0.0022 

Current Account Balance as % of GDP -0.0167** 0.0843 

Long-Term Unemployment (%) 0.0302 0.0343 

Inflation (%) -0.0408 0.0378 

Debt as % of GDP 0.0064*** 0.0015 

Euribor (%) 0.1115** 0.04705 

Predictive Power 0.6731 

Notes 
(i) pr_lag(i), lq_lag(i) & mf_lag(i) refers to the ith year lag of the variables pr, lq & mf that in this 

instance is 2.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 
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Table A.19: Estimation Results of the PDPREM for the combination of Banking, 

Macroeconomic & Financial indicators (pr, lq & mf) at time t-3 for possible 

Sovereign Distress Probabilities given the Government Bond Spreads at time t 

Panel 

12 Countries 

No of Observations 97 

Probit 

Cut-off value for tiY , = 1 

2 Std. Deviations above the country mean. 

Explanatory Variables pr_lag(i),  lq_lag(i) & 

mf_lag(i) 

Estimated Average Marginal Effects & Standard 

Errors 

Interest Income on Loans / Average Gross 

Loans 
-0.0179 

0.0217 

Interest Income / Average Earning Assets -0.3214 0.396 

Interest Expense / Average Interest-Bearing 

Liabilities 
0.3422 

0.3578 

Net Interest Income / Average Earnings Assets 0.4581 0.4571 

Non-Interest Income / Gross Revenues -0.0002 0.0045 

Net Income / Average Total Equity -0.0176 0.0121 

Fitch Comprehensive Income / Average Total 

Equity 
0.0225 

0.0144 

Fitch Comprehensive Income / Average Total 

Assets 
-0.5830** 

0.2708 

Net Income / Risk Weighted Assets 0.5137*** 0.1976 

Fitch Comprehensive Income / Risk Weighted 

Assets 
-0.2720 

0.1682 

Equity / Total Assets 0.0116 0.0667 

Impaired Loans (NPLs) / Gross Loans -0.4714 0.4054 

Reserves for Impaired Loans / Impaired Loans  -0.0010 0.0009 

Impaired Loans + Foreclosed Assets / Gross 

Loans + Foreclosed Assets 
0.4563 

0.4147 

Current Account Balance as % of GDP -0.0360*** 0.0108 

Debt as % of GDP 0.0060*** 0.0020 

Long-Term Unemployment (%) -0.0083 0.0338 

Euribor (%) 0.0008 0.0476 

Predictive Power 0.6531 

Notes 
(i) pr_lag(i), lq_lag(i) & mf_lag(i) refers to the ith year lag of the variables pr, lq & mf that in this 

instance is 3.  

(ii) *** indicates the 1% level of stat. significance, ** the 5% and * the 10% respectively. 

 

 


