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Chapter 1

Introduction

The left side of the balance sheet has nothing right and the right

side of the balance sheet has nothing left. But they are equal to

each other. So accounting-wise we are fine.

Jacob Frenkel

1.1 Background and motivation

The Global Financial Crisis revived policy discussions and research in

macroeconomics and finance by raising new questions related to the causes

of the crisis, policy prevention tools as well as mechanisms to correct sys-

temic imbalances and speed up the economic recovery. A substantial num-

ber of papers investigate the causes of the crisis, among which the mortgage

market collapse, a low interest rate environment, the global savings glut,

and high leverage in the banking sector coupled with an increase in non-

core liabilities and securitization (Brunnermeier, 2009; Diamond and Rajan,

2009; Taylor, 2009). Some of these causes were valid for both the European

countries as well as the US, while others were specific to Europe such as a

strong risk contagion channel between banks and governments due to the

large amount of government bond holdings of the banks.
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2 Introduction

In a nutshell, at the core of the recent financial crisis was the credit boom

in the housing market, characterized by subsidized subprime mortgages

which were transformed in complex financial products with underestimated

risks. These risky investments were mainly fuelled through an increase of

non-core liabilities as banks expanded the lending based on volatile short-

term wholesale funds. In the years preceding the Global Financial Crisis,

banks relied heavily on short-term borrowing like repurchase agreements

and employed mortgage-backed securities as collateral. At the beginning of

the crisis the value of these assets quickly dropped, generating a strong in-

crease in haircuts by a "fire sale" dynamic that prompted banks to quickly

de-leverage. Blanchard (2009) identifies the reliance on wholesale funding

as one of the four causes for the severity of the last financial crisis, together

with high loan-to-value mortgages, household debt as well as increased sys-

temic risk in the financial sector.

The first policies implemented at the beginning of the financial crisis

consisted of various bailout interventions in the banking sector aimed at

preventing a series of runs on financial institutions. These consisted of mea-

sures such as debt guarantees, protection on asset losses or purchases of

illiquid assets and were coupled with interest rate cuts by central banks.

As the interest rates reached the zero-lower bound, various central banks

started to implement unconventional monetary policy measures in order to

provide liquidity to the financial system and some of these measures are

still in place in the Euro Area. The crisis generated major revisions of the

financial regulation varying from capital requirements and liquidity ratios

to macro-prudential policies that are specific to certain asset classes such as

mortgage loans.

This book contributes to recent research on Global Financial Crisis and

financial stability by investigating various causes of bank fragility as well
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Chapter 1 3

as the effects of key macro-prudential tools and bailout policies in preserv-

ing or restoring stability in the banking system. Related to the causes of the

crisis, the focus of this thesis is on the drivers of mortgage defaults, the neg-

ative implications of a high reliance on wholesale funding as well as the

role played by bank competition. Related to policy responses, I specifically

look into effects of bailout policies implemented after the summer of 2008

and the generated bank-sovereign risk contagion channels. For most Euro-

pean countries, the bank-sovereign nexus generated an extra layer of crisis.

Furthermore, I investigate the effectiveness of macro-prudential policies in

mitigating mortgage default ratios and how their impact varies depending

on the quality of institutions in a country.

The first study is focused on the effects of bailout policies on the credit

risk of banks and governments. It presents a novel application of a method-

ology to identify bailout shocks and quantify the effectiveness of the bailout

policies implemented in the aftermath of the crisis as well as the contagion

channel between banks and sovereigns. The contribution of this chapter

consists of an innovative approach to identify bailout shocks, which does

not rely on bailout announcement dates and accounts for the reverse causal-

ity between the default risks of banks and governments. The identification

of the bailout shocks allows to analyze their impact on bank default risks

and investigate to what extent these policies were effective in restoring sta-

bility in the banking sector. The magnitude of the bailout shocks as well

as their volatility provide an assessment of the contagion channel between

banks and sovereigns across countries. The results indicate a stronger con-

tagion channel between banks and governments in Europe compared to the

US. Furthermore, a bailout shock leads to a significant and persistent de-

crease in the banks’ default risk for the US but only to a temporary drop

for the majority of the European banks. This can be explained by the strong
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4 Introduction

sovereign-bank nexus in Europe as banks were heavily exposed to govern-

ment debt.

Chapter 3 investigates the role played by the high reliance on non-

core liabilities in generating instability in the banking sector, especially

when banks operate in a competitive environment. The relationship be-

tween wholesale funding and bank stability is still debated and there are

few empirical studies on the role played by leverage and the distribution

of liabilities on banks’ balance sheets. This chapter builds on the literature

that studies the effects of bank competition on stability and extends that

framework in order to account for the role played by wholesale funding. In

this chapter I show that a high reliance on wholesale funding has negative

implications for bank stability and these negative effects are amplified in a

competitive environment.

Given the fact that defaults in the mortgage market were the main driver

of instability in the financial sector during the last financial crisis, in Chap-

ter 4 we explore the drivers of mortgage default rates and study the effec-

tiveness of various macro-prudential tools in reducing the mortgage default

rates as well as the role played by institutional quality in moderating these

effects. Furthermore, this chapter investigates various interactions between

macro-prudential tools and housing market characteristics such the prevail-

ing type of interest rate, tax deductibility and recourse policy. The novelty of

this chapter consists of a newly constructed cross-country dataset on mort-

gage default rates, which allows to assess a wide range of drivers of the

mortgage market due to its coverage of macroeconomic variables, pruden-

tial and tax policy tools as well as mortgage loans characteristics. The re-

sults show that higher loan to value ratios are associated with a reduction in

mortgage defaults and that institutional quality plays an important role in

amplifying the effectiveness of macro-prudential tools.
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Chapter 1 5

1.2 Bank Bailouts

After the housing market collapsed, banks remained with big losses on their

loan portfolios and entered into a liquidity crisis. This negatively affected

the flow of credit to the private sector, therefore laying the ground for the

recession accompanied by low consumption, investments and output de-

creases. The governments decided to bailout the banking system through

various forms of recapitalization based on sovereign debt financing. This

generated a bank-sovereign risk contagion channel and an increase in the

sovereign debt, leading to extremely high amounts of government debt in

the countries where governments were already highly indebted. Budget

deficits were large at the onset of the crisis, which limited the ability of

the governments to implement policies to mitigate the negative effects of

the crisis. The sovereign bond yields soared and many governments had to

look for external financing. The exposure of banks to the debt of their own

sovereigns was extremely high in Europe, reaching levels such as 200% of

the bank capital in Italy.

Since banks hold domestic government bonds and bond prices reflect

sovereign risk, a strong contagion channel is created between the bank-

ing sector and their sovereign. The recapitalization requires governments

to issue new bonds, which induces a drop in the bond prices due to in-

creased supply, thereby affecting negatively the balance sheet of the banks.

The bonds increase bank capitalization but the positive effects are limited

because they trigger a decrease in bond prices, which negatively impacts

the value of banks’ asset portfolios. This offsets a part of the impact of the

recapitalization and therefore the effects of bank bailouts are favourable but

lower than the actual amount of recapitalization. The positive effects from

a capital injection outweigh the negative consequences of an increased debt
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6 Introduction

issuance as it relaxes the balance sheet constraints of the banks and leads

to increased investments and production (Van der Kwaak and Van Wijnber-

gen, 2014).

Chapter 2 presents a methodology to quantify this contagion risk as

well as the effectiveness of bank bailouts in decreasing the overall credit

default of the banking system. It proposes a framework to identify the ef-

fects of bank bailouts and to deal with the endogeneity between the two

default risks. The main contribution of the study consists of a new identi-

fication scheme which allows to distinguish these two channels of conta-

gion and to evaluate them in a joint framework. The distinction between

the two channels is achieved through the identification of bailout shocks

and sovereign risk shocks and the assessment of their impact on the bank

and government default risks. The identification of bailouts does not rely

on bailout announcement dates and these can therefore be used as a valida-

tion for the bailout shocks estimated by the model. The results show that the

bailout shocks identified by the model match the first announcement dates

of bank rescue packages. This match validates the identification scheme and

it shows that bank bailouts entail a risk transfer from banks to governments.

The results offer insights on the differences among the bank-sovereign

contagion channels across countries in Europe and the US. In contrast to

Europe, the volatility of the estimated bailout shock for the US drops sub-

stantially after the crisis. This indicates a lower persistence of the risk trans-

fer and a stronger stabilization effect. Furthermore, a bailout shock leads

to a significant and persistent decrease in the banks’ default risk for the

US but only to a temporary drop for the majority of the European coun-

tries. The bank-sovereign risk contagion is more persistent in Europe rel-

ative to the US. This can be explained by the intertwined relationship be-

tween banks and governments in Europe as banks hold large amounts of
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Chapter 1 7

sovereign debt. Furthermore, some European governments had excessive

levels of sovereign debt even before the financial crisis took place, and this

limited their capacity to rescue banks.

1.3 Bank Leverage and Non-Core Liabilities

One of the lessons from the housing market boom is related to the impor-

tant role played by the distribution of assets and risks as well as the ways

through which a boom is financed. The degree of leverage in the financial

sector ultimately determines how a crisis affects the financial institutions

through the magnitude of the balance sheet effects on the credit supply

(Acharya et al., 2009). Banks that were exposed to the housing market re-

acted to a house price appreciation by expanding their lending and asset

portfolios. This expansion was largely funded by a rapid increase in non-

core liabilities. Flannery and Lin (2016) find that a 1% increase in house

prices increases the size of bank balance sheets by more than 0.5% and this

expansion is mainly funded through non-core liabilities.

The fragility stemming from the reliance on non-core liabilities revealed

itself once the housing market collapsed. The values of Mortgage Backed Se-

curities and Collateralized Debt Obligations dropped quickly and the mar-

ket froze due to the high uncertainty and the liquidity dry-up. Fire sales

pushed prices down so much that it became difficult to sell any assets or

use them as collateral in order to roll over the debt or obtain new wholesale

short term funding. Therefore the liability structure of banks is a key factor

in how the shocks are transmitted within the financial sector as well as to

the real economy.

The relationship between wholesale funding and bank stability is de-

bated at the theoretical level, although few empirical studies incline towards

evidence on its destabilizing role. The "bright side" of wholesale funding is
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being able to exploit investment opportunities without being limited by the

amount of retail deposits that the bank is able to attract. Wholesale fund-

ing allows banks to quickly adjust leverage as these market based funds are

quickly available on short-term for quick adjustments to leverage (Damar

et al., 2013). Other advantages are related to monitoring by wholesale fi-

nanciers and improved market discipline (Calomiris, 1999).

The "dark side" of wholesale funding is that banks may use these easy

accessible funds to aggressively expand lending or invest in riskier assets

(Acharya et al., 2014; Huang and Ratnovski, 2011). Furthermore, relying on

volatile wholesale funds generates liquidity risk since wholesale financiers

might abruptly stop lending whenever they receive noisy negative signals

about bank fundamentals, thereby generating liquidity-induced insolvency

risk. Following a negative shock, margin requirements (haircuts on collat-

eral) for raising funds increase, leading to a decrease in available funding

and a reduction in market liquidity (Brunnermeier and Pedersen, 2009).

With reduced access to wholesale funds, banks loose their ability to adjust

leverage, with negative consequences on bank stability.

The relevance of non-core liabilities has been recently acknowledged in

the financial stability literature, however there are only a couple of empir-

ical papers looking into their effects (Acharya et al., 2014; Huang and Rat-

novski, 2011; Hahm et al., 2013). Given the important role that non-core lia-

bilities played in the last financial crisis, in Chapter 3 I investigate the effects

of wholesale funding on bank default risks. Furthermore, the liability side

of banks’ balance sheets is still overlooked in the research on the effects of

bank competition on bank stability, therefore I also study its interaction with

bank competition. The effect of competition on bank stability is allowed to

vary with the proportion of wholesale funds in total assets, while taking

into account other factors proposed by recent research in order to construct
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a unified framework.

Freixas and Ma (2015) show that the impact of competition on bank de-

fault risk can be amplified or mitigated by changes in the bank’s liability

structure. A reduced loan rate due to higher competition lowers the capital

buffer against loan losses in a stronger way than it curtails the moral hazard

of the firms. The decrease in bank profits is stronger than the improvements

in the quality of the loan portfolio and higher competition leads to increased

risk-taking incentives of banks. These risky investments often translate in an

expansion of bank balance sheets and are likely to be funded through short-

term volatile wholesale funding. Therefore the liquidity risk of banks in-

creases as they become susceptible to bank runs by wholesale financiers. As

a consequence, a loan portfolio financed with high leverage implies higher

overall risk even if it consists of safe assets.

The results indicate that a greater reliance on wholesale funding is as-

sociated with lower bank stability. The negative effects hold for both loan

portfolio risk as well as overall bank default risk. The results show that

the "dark side" of wholesale funding consisting of higher funding liquidity

risk seems to outweigh the benefits related to better monitoring by whole-

sale providers. The novel result in this chapter is that a higher reliance on

wholesale funds strengthens the competition-fragility channel, suggesting

that the dark side of wholesale funding prevails in a competitive environ-

ment. These findings indicate that looking at the effects of competition in

isolation can miss out on important interactions and implications for finan-

cial stability and therefore policies that look at competitiveness should be

paired with macro-prudential policies.
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1.4 The Mortgage Market

Risk taking in the financial sector was partially caused by the low inter-

est environment due to relaxed monetary policy that followed the Great

Moderation and potentially due the "savings glut" in Asia. The high saving

rate in Asia generated a demand for safe assets, which led to low yields on

long term government securities as well as large capital inflows in advanced

countries. The low level of interest rates accompanied by low volatility pro-

vided the incentives for risk taking and increased leverage. Furthermore,

the tax system favoured debt financing and leverage due to interest rate

deductibility as well implicit subsidies on debt financing due to tax distor-

tions (Blanchard, 2009; Admati and Hellwig, 2013). The low interest rate en-

vironment coupled with government subsidies for the housing market led

to an expansion in mortgage lending, especially to subprime borrowers. A

large part of these loans were transformed into risky financial securities and

received overestimated credit ratings, leading to a lack of transparency in

the distribution of risk in the financial sector. It is expected that households

make investment mistakes given the complexity of their financial planning

problem and the broad range of confusing financial products that are avail-

able (Campbell, 2006).

Choosing an optimal mortgage contract is a complex problem since it

requires a strategy that accounts for interest rate risk, inflation risk, poten-

tial borrowing constraints, risk aversion, the probability of moving and the

ability of the household to refinance a fixed mortgage contract in an optimal

way. A large number of papers investigate the mechanism behind the hous-

ing market bubble and macro-prudential tools that could mitigate the level

of non-performing loans. Chapter 4 contributes to this literature by study-

ing the drivers of mortgage default rates based on a newly constructed in-
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ternational dataset on mortgage default ratios. The dataset allows to analyse

cross-country and within-country differences in mortgage defaults over the

period 2000 - 2014 and to investigate the effects of macro-prudential poli-

cies that were implemented in this period. The existing literature on the

effects of macro-prudential policies mainly focuses on the impact of these

tools on credit growth or house price changes due the lack of data avail-

ability on mortgage default rates across countries. For instance, Akinci and

Olmstead-Rumsey (2017) find that macro-prudential tightening is associ-

ated with lower bank credit growth and house price inflation.

Apart from macro-prudential policies, Chapter 4 provides evidence on

the role played by institutional factors in explaining cross-country differ-

ences in mortgage default rates and its role in moderating the effects of

macro-prudential tools such as loan to value ratios. Furthermore, the dataset

allows to investigate the variation explained by mortgage markets’ charac-

teristics such as recourse procedures, average loan maturity and the prevail-

ing type of interest rate. Apart from house prices, which have been consid-

ered in several previous studies, these other variables have received hardly

any attention in the literature due to limited data availability. An exception

is Aristei and Gallo (2012), who consider variables like mortgage maturity

in their analysis of Italian mortgage defaults.

The theoretical literature suggests two main drivers of mortgage ar-

rears: ability-to-pay and strategic default (Whitley et al., 2004). According

to the ability-to-pay theory, individuals default involuntarily when they are

unable to meet current payments. The strategic default theory holds that

households choose to default voluntarily after a rational analysis of all fu-

ture costs and benefits associated with continuing or not to meet the obliga-

tions of the mortgage. A borrower may strategically default if its gains ex-

ceed the perceived costs of the expected sanctions, including access to future
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finance and its price. For instance, in the models of Kocherlakota (1996), Ke-

hoe and Levine (2001) and Chatterjee et al. (2007) households compare the

costs of default with the benefits from reneging on their debts and default if

it is advantageous to do so.

If a household faces affordability problems - which may be caused by

a drop in income (e.g. due to unemployment), higher mortgage payments

(e.g. due to higher interest rates), or a decline in house prices (leading to neg-

ative equity) - strategic default may be an option. As pointed out by Jappelli

et al. (2010), these costs not only depend on the lenders’ willingness to inflict

sanctions, but on the entire set of institutional arrangements governing the

credit market, such as the rule of law, creditor rights and bankruptcy laws as

these regulations affect the cost of default. Therefore, both theories suggest

that macroeconomic factors such as higher house prices, interest rates and

unemployment are likely to influence mortgage defaults.

We consider both macroeconomic variables such as unemployment and

house prices, as well as various macro-prudential tools and housing mar-

ket characteristics. We find a negative association between mortgage default

rates and house prices. If house prices decrease, then households face poten-

tial borrowing constraints or they are unable to refinance the mortgage due

to the decreased value of the collateral. The results indicate a positive as-

sociation of mortgage defaults with unemployment, which is in line with

expectations as a large part of the labor income risk is idiosyncratic and not

hedgeable. Furthermore, houses are often illiquid assets so households find

it costly to adjust their housing ownership in response to economic shocks

(Campbell, 2006).

The results show that the impact of macro-prudential policies on mort-

gage defaults is not only conditioned by institutional quality but also by

some characteristics of the mortgage market, such as interest rate variability
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or whether a recourse policy is implemented or not. The analysis suggests

that macro-prudential policies, and in particular lower regulatory loan to

value ratios, reduce the share of mortgage defaults in total residential debt.

We find that better institutions are associated with lower defaults, both di-

rectly and by enhancing the impact of macro-prudential policies. There is

also evidence that longer loan maturities, tax deductibility and a fixed in-

terest rate are associated with lower default rates. Households are planning

over a long horizon and a fixed interest rate provides hedging against the

risk that real borrowing costs will increase.

1.5 Summary

The research conducted in this thesis is motivated by the recent Global Fi-

nancial Crisis and the European Sovereign Debt Crisis and aims to provide

insights on some of their causes as well as the effectiveness of certain finan-

cial stability policies which were implemented in their aftermath. I specifi-

cally examine the following research questions:

• How can we identify the effects of bank bailouts and quantify the risk

contagion channel between banks and governments?

• Were bank bailouts effective in decreasing the credit default risk of

banks and restoring financial stability?

• Were the stabilization effects of bailout policies diminished for the Eu-

ropean banks due to the sovereign-bank nexus?

• Is a high reliance on wholesale funding associated with bank instabil-

ity?

• Is bank competition associated with higher bank default risk or is it

beneficial for bank stability?
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• Are the negative effects of wholesale funding amplified by competi-

tion in the banking sector?

• Which are the main drivers of mortgage default rates across countries?

• Are macro-prudential policies effective in reducing mortgage default

rates?

• Which macro-prudential tools are most effective and does institutional

quality moderate their effects?

• Do mortgage market characteristics such as tax deductibility or fixed

interest rates influence the effects of macro-prudential tools on mort-

gage defaults?

The investigation of these research questions provides more understand-

ing about the potential imbalances in the financial system and which poli-

cies are effective in addressing these imbalances. However, it is equally im-

portant to identify policy responses that can have negative side effects as

well as recognise when we can’t assess all the implications of a policy in a

unified framework. For example, I show in this thesis that bailout policies

were effective in reducing the default risk of banks but they also generated a

risk transfer from banks to governments and amplified the bank-sovereign

contagion channels.

However, bailout policies also create moral hazard incentives which

can’t be accounted in the same empirical framework. As a consequence, we

can’t assess the full implications of these policy measures or their welfare ef-

fects. Furthermore, studies on the economic crises in the last centuries show

that their causes differ significantly and inquire for other types of policy

measures. Nevertheless, we can hopefully avoid some mistakes from the

past and the next financial crisis can happen for entirely different reasons.
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Chapter 2

Bank Bailouts and
Bank-Sovereign Risk
Contagion Channels

Nothing is so permanent as a temporary government program.

Milton Friedman

2.1 Introduction

Government interventions in support of the banking sector generate risk

spillovers between banks and governments, which take place through two

main channels. First, bank rescue measures lead to a decrease in bank de-

fault risk and an increase in the fiscal burden of governments (IMF, 2009).

Second, the deterioration of sovereign creditworthiness feeds back to banks

because it negatively impacts the valuation of their bond portfolios and

hence their ability to obtain funding (BIS, 2011). The first channel describes

the risk transfer from banks to governments due to a bank bailout, while

the second one captures the co-movement between the default risks of the

two sectors. The aim of this paper is to quantify the effects of bank res-

0This chapter is based on Stângă (2014)
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cue measures on both the default risk of the banking sector and the de-

fault risk of governments. It proposes a framework to identify the effects of

bank bailouts and deal with the endogeneity between the two default risks.

Furthermore, the paper offers insights on the differences among the bank-

sovereign contagion channels across countries in Europe and the United

States.

The main contribution of this chapter consists of a new identification

scheme which allows to distinguish these two channels of contagion and to

evaluate them in a joint framework. The distinction between the two chan-

nels is achieved through the identification of bailout shocks and sovereign

risk shocks and the assessment of their impact on the bank and government

default risks. Therefore the empirical strategy in the paper allows to isolate

the effects of bank bailouts and to measure the interdependence risk be-

tween banks and governments. The identification of bailouts does not rely

on bailout announcement dates and these can therefore be used as a valida-

tion for the bailout shocks estimated by the model. The second contribution

of the paper is to provide a comparison of the implications associated with

bank bailouts across countries. Results show a substantial degree of hetero-

geneity in their stabilization effects. The bank-sovereign contagion is more

persistent in Europe relative to the US.

In order to evaluate the two channels, I trace the dynamic interaction

among the default risk in the banking system, sovereign default risk, and

the term spread in a Structural Vector AutoRegression (SVAR) model with

sign restrictions.1

The default risk measures are defined by the Credit Default Swap (CDS)

1 Sign restrictions were introduced by Faust (1998), Canova and De Nicoló (2002) and
Uhlig (2005) for the identification of a monetary policy shock. Their approach is extended
by Peersman (2005) for the case of a larger number of shocks. See Fry and Pagan (2011) for a
review.
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spreads on bank debt and CDS spreads on government debt. The term

spread is included as a control for macroeconomic conditions that affect the

evolution of the default risks such as the liquidity premium and monetary

policy. I estimate VAR models at the individual country level over the sam-

ple period 2008 - 2010 and impose sign restrictions on impulse responses to

identify a bailout shock, a sovereign risk shock and a business cycle shock.

The estimation is done at the individual country level in order to allow the

estimated coefficients to vary across countries.

The two contagion channels are described in the theoretical model of

Acharya, Drechsler, and Schnabl (2014) (hereafter ADS), which provides re-

strictions for the identification of the bailout shock and sovereign risk shock.

Government interventions in support of the financial sector are associated

with increases in fiscal burden and impair the sustainability of sovereign

debt. As a consequence, bank rescue packages entail a risk transfer from the

financial sector to the government balance sheet. This leads to an increase in

sovereign CDS spreads together with a decrease in the CDS spreads of the

banking sector. Therefore, the first sign restriction is given by the opposite

evolution of these two variables that allows the identification of a bailout

shock.

The second channel captures the spillover effects between the default

risks of the two sectors and it is characterized by a two-way feedback be-

tween the CDS spreads of banks and sovereign CDS spreads. The underly-

ing idea is that bailouts are funded in the short term by issuing new debt,

which leads to a reduction in the value of already existing bonds. Since gov-

ernment bonds generally account for a significant part of the portfolios held

by the banking sector, this dilution will directly affect the quality of banks’

balance sheets. As a consequence, the default risks of the banking sector

and government become significantly interlinked and this is reflected in a
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co-movement of their CDS premiums. This co-movement provides the iden-

tifying sign restriction for the sovereign risk shock.

One challenge in evaluating the implications of bank bailouts is to iden-

tify at which point in time the actual effects of bailouts take place. We would

expect that on average the effects of bailouts materialize on the dates of ac-

tual announcements of bank rescue measures. However, this match may

not always hold if bailout expectations ’matter more’ than actual bailouts

(Bernal et al., 2010; Dam and Koetter, 2012).

Bailout announcements were not a one-time event and they consisted

of a series of measures implemented during the crisis. Therefore, after the

first bailout announcements, the effects of further bailouts may material-

ize shortly before their announcement. In this case the use of bailout an-

nouncement dates to identify bailout effects leads to spurious results. The

advantage of the adopted methodology is that it traces the effects of bailouts

without relying on bailout announcements such that these effects can take

place at any point in time. Thereafter, I assess the validity of the identifica-

tion restrictions by the match between the bailout announcement dates and

the bailout shocks identified by the model.

This paper relates to the literature that investigates connections between

banking and sovereign debt crises. In light of the Global Financial Crisis,

some studies aim to explain the determinants of sovereign risk, either based

on macroeconomic fundamentals (Beirne and Fratzscher, 2013) or by focus-

ing on the risk spillovers with the financial sector. However, most studies

focus on a single channel of contagion.

One strand of literature investigates how risks in the financial sector de-

termine the sovereign risk spreads. Attinasi et al. (2009) show that bank

bailouts have led to a widening of sovereign bond yield spreads in EMU.

Furthermore, Dieckmann and Plank (2012) document that the perceived
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risk transfer from the private sector depends on the importance of a coun-

try’s financial sector. Another strand of literature focuses on the reverse

channel and documents the impact of risk in the government sector on

the default risk in the banking sector. The results of Demirgüç-Kunt and

Huizinga (2013) indicate that the burden of a high level of debt creates dif-

ficulties in providing support to the financial sector. ADS find that changes

in sovereign credit risk affect bank credit risk positively after bailout an-

nouncement dates, while there is no significant relationship before them.

The documented effects in the literature are unidirectional and the two

contagion channels are not evaluated simultaneously. However, their coex-

istence gives rise to endogeneity and the effects of bank bailouts cannot be

identified if the two channels are not differentiated. Furthermore, the identi-

fication of both channels is necessary in order to isolate the effects of bailouts

on both the default risks of banks as well as the one of governments.

The adopted methodology sets this paper apart from the literature by

differentiating the two contagion channels in a dynamic context and allow-

ing the effects associated with any of them to take place at a given point in

time. In this sense the paper goes beyond documenting a relationship be-

tween the default risks of the two sectors and quantifies the effectiveness

of bailouts in decreasing the default risks of banks as well as their negative

effects on governments’ creditworthiness. Moreover, since the estimation is

done at the individual country level, it allows for a comparison of the effects

of bailouts across countries.

The results in this chapter show that the bailout shocks identified by the

model match the announcement dates of bank rescue packages. This match

validates the identification scheme and it indicates that bank bailouts en-

tail a risk transfer from banks to governments. In contrast to Europe, the

volatility of the estimated bailout shock for the US drops substantially af-
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ter the crisis. This indicates a lower persistence of the risk transfer and a

stronger stabilization effect. Furthermore, a bailout shock leads to a signif-

icant and persistent decrease in the banks’ default risk for the US but only

to a temporary drop for the majority of the analyzed European countries.

However, a bailout shock leads to a rise in the sovereign default risk across

all countries.

2.2 Methodology

2.2.1 Empirical model

The methodology is based on a structural VAR (SVAR) model with sign re-

strictions and the motivation for this specification is twofold. First, a VAR

model allows for endogeneity between the bank and sovereign CDS spreads

such that causality between the two variables can run either way. Second,

sign restrictions allow to disentangle the two channels of contagion and thus

to identify the effects of bank bailouts on both the default risk of banks and

governments. Given this purpose, the standard short-run or long-run re-

strictions used in the VAR literature would not allow for the identification

of the two shocks of interest.

In particular, there is no motivation for using long-run restrictions as

the effects of the shocks on all variables are expected to materialize in the

short run and these types of restrictions would not allow for identification.

The choice of a recursive identification is not suitable since it assumes that

some variables do not respond immediately to certain shocks. Since the CDS

spreads of banks and sovereigns are financial variables, it is likely that they

react immediately to a shock. Moreover, the impulse responses obtained

from the recursive identification can be an outcome that is part of the distri-

bution formed by the impulse responses consistent with the sign restrictions
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(Farrant and Peersman, 2006). As a consequence, zero contemporaneous re-

strictions are not required but at the same time not excluded and the shocks

are allowed to have no contemporaneous effect.

The general representation of a structural VAR(p) model is the following:

A0Yt = A(L)Yt + εt, (2.1)

where Yt is an n× 1 vector, n denotes the number of variables in the model

and t indexes the observations. Furthermore, L denotes the lag operator

and A(L) = A1L+ .... +ApL
p is a matrix polynomial of order p, A0 is the

n × n matrix of coefficients that reflect the contemporaneous relationships

among the endogenous variables, and εt is a vector of structural shocks with

expectation zero and diagonal covariance matrixΣε.

The endogenous variables of the VAR model are the term spread (T-

spread), the banks’ CDS spread (Bank CDS) and the CDS spread on

sovereign debt (Sovereign CDS). I identify three types of shocks based on

sign restrictions: a business cycle shock, a bailout shock and a sovereign

risk shock: ε′t = [εbc
t , εb

t , εsr
t ]. The sign restrictions imposed for identification

and their economic motivation are presented in section 2.2.2.

In order to estimate (1) the model is expressed in reduced form. Each

variable is determined by its own past values and the lagged values of the

other variables. The reduced form is obtained by premultiplying (1) with

A−1
0 :

Yt = B(L)Yt + et, (2.2)

B(L) := A−1
0 A(L),

et := A−1
0 εt,

where et is a n × 1 vector of errors with expectation zero and covariance

matrixΣe.
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Ordinary least squares estimation of (2) yields the estimates B̂(L), resid-

uals êt and their estimated covariance matrix Σ̂e. The model is estimated in

levels and the Schwarz Information Criterion indicates that the optimal lag

order is either one or two depending on the country. I estimate all models

with a lag order of one based on two motivations. First, in order to compare

the effects across countries it is crucial to have the same model specifica-

tion. Second, since the models include only financial variables with high

frequency, it is unlikely that the data has high persistence. The results are

robust to the estimation with two lags, which is discussed in Section 2.5.

These results and the estimates for the lag selection criterion are presented

in the supplementary appendix and are available upon request.

The purpose is to obtain the structural shocks, which represent the un-

derlying economic shocks and compute the impulse response function of

the three variables to these shocks. The first step is to obtain orthogonal

shocks by computing an eigenvalue-eigenvector decomposition of the co-

variance matrix Σ̂e:

Σ̂e = PDP ′ = P̃ P̃ ′, (2.3)

where P̃ := PD1/2,P is a matrix of eigenvectors andD is a diagonal matrix

which contains the eigenvalues. The orthogonal shocks ηt can be obtained

as:

ηt = P̃−1êt. (2.4)

However, for any orthonormal n × n matrix Q, i.e. Q′Q = QQ′ = In,

the decomposition of the covariance matrix can be written as:

Σ̂e = P̃QQ′P̃ ′, (2.5)

Therefore, P̃Q is also an admissible decomposition which leads to a new

set of candidate structural shocks ζt, that have the same covariance matrix
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as the initial ones but generate a different set of impulse responses:

ζt := (P̃Q)−1êt. (2.6)

For each choice of Q we obtain a different set of orthogonal shocks with

associated impulse response functions. The choice of Q is done such as to

systematically explore the space of MA representations (Canova, 2007). The

selection ofQ is based on Givens rotations by settingQ = Q(θ), where θ is

an n× 1 vector and θ ∼ U[0, π]; there are
(

n
2

)
rotations for an n variable

system and each matrix depends on the value of a rotation angle θi, where

i indexes the number of matrices. In the context of the present model, the

three possible rotations which formQ(θ) are the following:

Q(θ1, θ2, θ3) =

cos(θ1) − sin(θ1) 0
sin(θ1) cos(θ1) 0

0 0 1

×
 cos(θ2) 0 sin(θ2)

0 1 0
− sin(θ2) 0 cos(θ2)


×

1 0 0
0 cos(θ3) − sin(θ3)
0 sin(θ3) cos(θ3)

 . (2.7)

Intuitively, the base set of shocks is rotated to produce an alternative

set of orthogonal shocks. If we let m = 1, ..., M index a draw of Q(θ), then

for each drawQ(m)(θ) the contemporaneous impact matrix is computed to-

gether with the corresponding impulse response functions. The next step

consists of verifying whether the impulse response functions associated

with a specific draw satisfy the sign restrictions and storing the draw if the

correspondence is found. This is the case only if the responses of the vari-

ables to the shocks have the expected signs for the specified time length. The

procedure is repeated until 1000 successful draws are obtained.

This approach leads to multiple sets of candidate structural shocks with

different impulse responses, each corresponding to a specific draw. The out-

come is a distribution of models, and a criterion is needed to identify a
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unique structural model. I apply the "median target" method suggested by

Fry and Pagan (2011): identify a single structural model whose impulse re-

sponses are closest to the median model. This selection is achieved by min-

imizing a distance criterion from the median impulse responses. Note that

the impulse responses obtained for each country might come from a differ-

ent structural model, therefore the extent to which the magnitudes of the

effects can be compared across countries is limited.

The last step consists in obtaining confidence bands for the impulse re-

sponse functions. I employ a bootstrap procedure where the reduced form

residuals are re-sampled in order to generate new data and obtain estimates

of the impulse response functions. The advantage of this approach is that

it does not rely on the assumption that the error terms are normally dis-

tributed (Runkle, 1987). For every draw of the reduced form residuals, the

above procedure of estimating the model and implementing the identifica-

tion scheme is repeated. As a consequence, the median and the error bands

are computed from all the impulse responses that satisfy the sign restric-

tions, therefore reflecting both the sampling and model uncertainty. The

number of bootstrap replications is set to 1000. In all figures, I report the

optimal median of the impulse responses together with the 84th and 16th

percentiles confidence bands as it is common in the literature that employs

the VAR methodology.

2.2.2 Identification strategy

I briefly describe the set-up and implications of the theoretical model of ADS

that are relevant for the identification scheme. Thereafter I discuss the sign

restrictions imposed for the identification of the three shocks.

In the model of ADS the economy consists of a financial and a non-

financial sector, a representative consumer and the government. The finan-
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cial sector supplies financial services and maximizes expected profits. Their

portfolio consists of government bonds and private sector assets. The non-

financial sector decides upon the level of invested capital. The government

aims at maximizing the economy’s output by addressing the debt-overhang

problem of the financial sector. In this context, the debt-overhang is allevi-

ated through the issuance of government bonds that are subsequently trans-

ferred to the balance sheet of the financial sector. This transfer increases the

probability of solvency of the financial sector and therefore induces a raise

in the supply of financial services.

The model emphasizes that a bailout represents a risk transfer between

the financial and public sector, which results in a net reduction of the fi-

nancial sector debt. Typically, the purpose of the guarantees is to prevent

liquidation of the institutions in the financial sector. Therefore, the imme-

diate effect of a bank bailout announcement is to lower the default risk of

the banking sector and raise that of the government. However, a bailout is

financed through the issuance of new government debt, leading to a de-

crease in the value of the existing bonds. These assets are generally part of

banks’ portfolios and represent a widespread form of collateral. As a result,

the erosion in the value of the bonds can be viewed as a "collateral damage"

which affects the ability of the banks to obtain funding and increases their

risk exposure. Hence, any adverse sovereign risk shocks that increases the

default risk of the government will negatively affect the creditworthiness of

the financial sector. This translates into a co-movement between the default

risk of the two sectors.

Based on these considerations, the sign restrictions imposed to identify

the three shocks are summarized in Table 2.1.

The sign restrictions indicate the responses of the variables to positive

shocks. A positive business cycle shock is related to an improvement in the
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Table 2.1: Sign restrictions for identification

VAR variables

Structural shocks Term-spread Bank CDS Sovereign debt CDS

Business cycle + - -
Sovereign risk ? + +
Bailout shock ? - +

Notes: A "+" ("-") sign indicates that the impulse response of the respective variable to
the corresponding positive shock is restricted to be greater or equal to zero (respectively
smaller) for a certain number of weeks. A question mark indicates that no restriction is
imposed. The restrictions are specified for 2 weeks on the main diagonal and one week
for the rest.

economic conditions, while a positive sovereign risk shock defines an in-

crease in the level of default risk for the government. Hence, the positive

risk shock represents an adverse shock and is associated with a deterioration

in creditworthiness. A positive bailout shock is associated with a decrease

in the default risk of the banking sector and an increase in the sovereign

default risk.

The restrictions are imposed for a time length of two weeks on the main

diagonal of the table and one week otherwise. The motivation for the speci-

fication of constraints in the short run is justified by the fact that the effects

of default risk shocks materialize immediately. Furthermore, the restrictions

are imposed as smaller (larger) or equal to zero (≤ or ≥), therefore the re-

sponses of the variables are not forced to be different from zero. This allows

for the contemporaneous effect of a shock to be zero and provides a more

flexible framework than the standard short-run zero restrictions used for

identification in VAR models.

The last row of the table denotes the sign restrictions imposed such that

a bailout shock is identified. A positive bailout shock is associated with the
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first contagion channel and it is identified based on a simultaneous increase

in the sovereign CDS spread and decrease in the banking sector CDS spread.

The limitation of this identification is given by the fact that the model is par-

simonious and there might be an additional missing factor that influences

the creditworthiness of banks and governments in a similar way as a bailout

shock.

Since the analysis is capturing the crisis period, we cannot rule out the

possibility that in addition to bailouts there are other events which increase

the riskiness of government debt. However, for the same reason, the occur-

rence of a simultaneous event that decreases the riskiness of the banking

sector at an aggregate level is unlikely in crisis times. Although there might

be positive news for individual banks, at an aggregate level banks are in dis-

tress and face high uncertainty. Furthermore, while the possibility of simul-

taneous events that drive CDS in opposite directions cannot be completely

ruled out, one can argue that bailouts are likely to have the strongest effect

over the crisis period.2

A positive sovereign risk shock is associated with the second channel

and it is identified based on an increase in both the CDS spreads of banks

and the government. A favourable business cycle shock is identified based

on a positive response of the term spread and a decrease in the bank and

sovereign CDS spreads due to the fact that a positive economic outlook

lowers the perceived level of riskiness of the public and private sector. This

shock has the role of capturing the macroeconomic fundamentals which af-

fect the private and public level of riskiness in similar directions. The iden-

tification of a business cycle shock represents a proxy for these factors, so

that the direct feedback channel between bank and sovereign CDS spreads

is properly captured through the other two identified shocks.

2I thank an anonymous referee for indicating this idea.
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The directions of the responses of the term spread to the bank and

sovereign risk shocks are a priori uncertain, therefore I do not impose any

restrictions and let the data determine the sign of the responses. However,

the lack of restrictions implies that the sovereign risk shock and the busi-

ness cycle shock still need to be disentangled because the two sets of sign

restrictions are not mutually exclusive. I follow an approach similar to that

of Peersman (2005) and impose the size restriction that the response of the

term spread to a business cycle shock is larger in absolute value than its

response to a sovereign risk shock.

2.3 Data

The analysis is based on a weekly data set on CDS spreads of banks and gov-

ernments at the individual country level. Additionally, the empirical model

includes the term spread as a proxy for real economic activity. The source for

this data is Thomson Reuters Datastream. The data for the government an-

nouncements of bank rescue packages is taken from ECB (2009), King (2009),

Panetta et al. (2009) and Panetta (2011) and it is used as a robustness check

for the validation of the estimated bailout shocks.

A credit default swap (CDS) is a contract which provides insurance for

the buyer in the event of a loan default. The party who buys the contract

pays an insurance premium (CDS spread) to the seller until either the con-

tract expires or the specified credit event occurs. In the latter case, the buyer

is entitled to receive the par value of the assets to which he is exposed or an

amount equal to the difference between the par value and the market value

(Stulz, 2010). The data for CDS spreads are for senior contracts with a matu-

rity of five years, as these are frequently traded and liquid (BBA, 2006). For

each country in the sample, a bank CDS index is constructed by calculating

simple averages across the main banks which have the headquarters in the
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respective country.

The term spread is computed as the difference between the interest rate

on government bonds with a maturity of ten years and the money mar-

ket interest rate with a maturity of three months. I use the term spread to

account for other economic factors which might influence the joint evolu-

tion of CDS spreads over time such as liquidity premium, monetary policy

and the economic cycle. There is a large body of literature that documents

the forecasting power of the term spread for future real activity, which is

usually explained by the expectations theory of interest rates. Estrella and

Hardouvelis (1991) find that the spread can predict changes in real economic

activity at least four quarters ahead. Adrian, Estrella, and Shin (2010) pro-

vide a rationale based on the balance sheet channel of the financial sector. In

their paper, a reduction in the term spread decreases the net interest margin

and therefore induces a contraction in the supply of credit and a dampening

in real activity.3

The data is transformed by computing weekly averages of the daily CDS

spreads and interest rates series. The sample period spans January 2008

through November 2010 and covers the period of the Global Financial Crisis

in which the majority of bank bailouts were announced and implemented.

Since the main purpose of the study is to identify the effects of bank bailouts

and the wave of bailouts started around September 2008 and continued for

approximately one year thereafter, it is not necessary to extend the sample.

Furthermore, the level and volatility of the CDS spreads were much lower

before 2008, therefore the sample is chosen such as to avoid breaks in the

series of the CDS spreads and preserve the stability of the models.

The results section focuses on the US, Ireland and Germany. I then ex-

3Other key contributions include Harvey (1989), Stock and Watson (1989, 1993) and
Hamilton and Kim (2002).
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tend the empirical analysis to four other European countries: France, Italy,

Spain and the United Kingdom. The purpose of the extension is twofold.

First, it provides the possibility to compare the patterns in the effects of

shocks across countries. Second, it allows for a further validation of the iden-

tification scheme and provides a robustness check for the results.

2.4 Results

The empirical method allows to distinguish bailout shocks from sovereign

risk shocks and assess their effects on the default risks of banks and gov-

ernments. I first discuss the evolution of the bailout shocks and their match

with the actual announcements of bank rescue packages in order to docu-

ment the validity of the identification scheme and assess the magnitude of

the risk transfer from the banking sector to the governments. Thereafter, I

present the impulse response functions as a means to analyze the effects of

the identified shocks on the evolution of default risks in the financial and

sovereign sectors.

2.4.1 Bailout shocks

The series of bailout shocks and actual bailout announcements (depicted as

vertical lines) are plotted in Figure 2.1 for the US, Figure 2.2 for Ireland and

Figure 2.3 for Germany. A bailout shock corresponds to positive values and

it is associated with an increase in the sovereign default risk and decrease

in the banking sector default risk. The vertical lines indicate government

announcements of bank rescue packages which are described in Appendix

2.A.2. The graphs for other countries are presented in Appendix 2.A.1.

Overall, the results highlight a good match between the bailout shocks

identified by the model and the dates when bailouts were announced by the

government. This match is strong especially for the first bailout announce-
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ments. For all countries, we can notice that the first bailout announcements

correspond to spikes in the volatility of the bailout shocks. This match sup-

ports the identification assumption that bailout events triggered in the short

run an opposite movement in the CDS spreads of banks and governments

due to the risk transfer from the financial sector to the government. The

match is presented here in terms of graphs since they provide an intuitive

interpretation for the magnitude and volatility of the risk transfer between

banks and governments. The overall fit is assessed also statistically in Sec-

tion 2.5.

The magnitude of the bailout shocks at these dates provides a quan-

tification of the risk transfer between the two sectors. The persistence of

the shock throughout the sample indicates the extent to which banks and

sovereigns remain linked in terms of the risk transfer. The variances of the

bailout shocks have become larger after the onset of the financial crisis and

their magnitudes reach the highest peaks at the beginning of the crisis. For

all countries, the largest shocks occur around the autumn of 2008, when the

first bank rescue packages were announced.

There is a major difference between the path and volatility of the shock

for the US and the ones corresponding to the other countries. In contrast to

the volatilities of the bailout shocks for the European countries, the volatility

of the US bailout shock decreases rapidly after January 2009 and the path re-

mains stable and without major spikes thereafter. For most of the European

countries, the volatility of the shock remains high even after January 2009

relative to the period before. This result shows that the risk transfer from

banks to governments is stronger and more persistent in Europe than in the

US. This can be explained by the fact that the value of banks’ assets as a

percentage of fiscal revenues are higher for countries in Europe.

U.S. – Figure 2.1 documents the evolution of the bailout shocks in the US.
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Only one very large bailout shock is identified by the model towards the end

of September 2008. This spike in the volatility of the bailout shock matches

the bailout announcement on September 19, 2008, when the US Treasury

announced the proposal to purchase illiquid assets from banks under the

Troubled Asset Relief Program (TARP). The fund of $700 billion aimed to

increase the liquidity in the financial sector and to prevent a freeze on the

credit markets.

The next bailout shock is much smaller in size and corresponds to a re-

capitalization of the banks under the Temporary Liquidity Guarantee pro-

gram on October 14, 2008. The US government announced another series

of measures to strengthen the stability on the markets. The first bailout

shocks are followed thereafter by a relatively stable path, with no other ma-

jor surges in volatility. This suggests that the risk transfer from the financial

sector to the government was successful in creating stability on the mar-

kets and no further major interventions were required. This stable path is

in strong contrast with the evolution of the bailout shocks for most of the

European countries.

Ireland – The bailout shocks for Ireland are illustrated in Figure 2.2. The

estimates indicate that the first large shock took place at the end of Septem-

ber 2008. This shock fits with the first announcement of bank rescue pack-

ages in Ireland and the news related to the approval of bank liability guaran-

tees. The plan consisted of guarantees to deposits and debts of Irish banks.

Furthermore, the model indicates another large shock on 15 January 2009,

when the Irish government announced the emergency nationalization of the

Anglo-Irish Bank.

Germany – The bailout shocks for Germany are illustrated in Figure 2.3.

The first two bailout announcements have a good match with the spike in

the volatility of the bailout shock. These dates correspond to the announce-
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Figure 2.1: Evolution of bailout shocks - US
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Notes: The graph illustrates the shock associated with the optimal median of the IRFs. Positive
values indicate a bailout shock.

Figure 2.2: Evolution of bailout shocks - Ireland
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Notes: The graph illustrates the shock associated with the optimal median of the IRFs. Positive
values indicate a bailout shock.

ment of the emergency credit facility to Hypo Real Estate Group and the

system wide recapitalization of the banking sector. A second increase in the
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volatility of the shock occurs in January 2009 and it matches with the bailout

of Commerzbank, when the German government bought preferred shares of

the bank. The high volatility persists until the beginning of 2009, after which

it decreases and becomes more stable. However, it does not reach the same

level of stability as the bailout shocks in the US.

Figure 2.3: Evolution of bailout shocks - Germany
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Notes: The graph illustrates the shock associated with the optimal median of the IRFs. Positive
values indicate a bailout shock.

The bailout shocks for the other four countries are presented in Ap-

pendix 2.A.1. The paths of the bailout shocks are very similar with the ones

of Ireland and Germany, suggesting a similarity across the European coun-

tries regarding the inter-linkage between the banking sector and the govern-

ments. In contrast to the US, the evolution of the shocks for the European

countries remains highly volatile even after the autumn of 2009. The volatil-

ities of the first bailout shocks are especially high for Spain and France, in-

dicating a seizable risk transfer from the financial sector to the sovereign for

these countries.

Overall, the match of the identified bailout shocks and the bailout an-
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nouncement dates is robust across countries. However, the graphs illustrate

also several mismatches which could be classified in two categories. The

first one is given by large bailout shocks which do not have a bailout an-

nouncement, such as the highest peak in Germany or the large shocks in

Italy and Spain towards the end of the sample. These type of mismatches

can be caused either from a limitation of the data on bailout announcements

or of the identification method.

The dataset on bailout announcements is not an exhaustive one in the

sense of containing all bailout announcements and it does not document

bailouts towards the end of the sample. The other possibility is that these

spikes are generated by simultaneous events which trigger the same move-

ment in the CDS spreads as a bailout shock. As discussed in Section 2.2.2,

although the methodology does not allow to eliminate with certainty this

possibility, the likelihood of events that lower the overall default risk of the

banking sector is small during a financial crisis. Furthermore, bailouts are

likely to have a larger impact than other events.

The second type of mismatch is characterised by bailout announcements

that do not fall precisely on bailout shocks. This occurs especially for later

announcements such as the second round of help to AIG (US), which does

not correspond to a positive shock. Furthermore, the last two bailout dates

in the US are around the shock, rather than falling precisely on its peak.

This decrease in the fit can be explained by bailout expectations and the

noise around the bailout announcements that took place at later stages. Af-

ter the first bailout announcements, any further bailouts might be incorpo-

rated in the expectations of investors and therefore the bailout shock would

occur slightly before the announcement. Moreover, while the bailout data

provides clear information regarding the novelty of the announcements for

the first bailout dates, the uncertainty about the novelty of the announce-
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ments corresponding to later dates is higher.

The bailout shock graphs provide a visual indication of how the identifi-

cation method performs and also an intuitive interpretation of the contagion

between banks and governments due to implied risk transfers. However, in

order to assess whether the identification method is indeed robust, I regress

bailout announcements on bailout shocks across all countries. As illustrated

in the Section 2.5 the identification method is validated since the overall fit

of the bailout dates and bailout shocks is statistically significant across all

countries.

2.4.2 Impulse response functions

In this section I present the impulse response functions, which describe the

dynamic responses of the term spread, bank CDS spreads and government

debt CDS spreads to the three identified shocks. The central results are the

responses of the CDS spreads in the banking and sovereign sectors to a pos-

itive bailout shock and a positive sovereign shock respectively.

The results indicate that the stabilization effects of bailouts in the US are

stronger than in Europe. A bailout shock leads to a persistent decrease in the

default risk of the banking sector in the US, but only to a temporary decline

for most of the European countries. This finding complements the results

based on the evolution of the bailout shocks, which indicate that the con-

tagion between banks and governments is stronger and more persistent in

Europe. Furthermore, results show across all countries that a bailout shock

increases the default risk of government and a sovereign risk shock leads to

a rise in the default risk of the banking sector.

United States – The impulse response functions for the US are docu-

mented in Figure 2.4, which shows the optimal medians of the impulse re-

sponse functions, together with the 16th and 84th confidence bands. The
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responses of the three variables to the business cycle, sovereign risk and

bailout shocks are plotted for a time span of 36 weeks. Note that the signs of

the responses for the first week and respectively the first two weeks on the

diagonal are driven by the identifying assumptions.

Figure 2.4: Impulse response functions - U.S.
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Notes: The solid lines denote the optimal medians of the impulse responses, which are estimated
from a sign restricted VAR with 1000 draws. The confidence bounds represent the 16th and 84th
percentiles of the distribution obtained from 1000 bootstraps. The term spread is expressed in
percentage terms, while the CDS spreads are in basis points. The horizontal axis denotes weeks.

The dynamics of the bank and government CDS spreads following a

bailout shock is illustrated on the bottom row of Figure 2.4 and their re-

sponses to a sovereign risk shock are shown on the middle row. These

graphs highlight several results regarding the contagion between the bank-

ing sector and the US government.

First, a bailout shock leads to a strong decrease in the bank CDS spread.
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The decline in the spread is approximately 25 basis points and it persists for

18 weeks. The significant drop in the CDS spread indicates that the financial

rescue packages are successful in reducing the likelihood of default in the

banking sector. This result together with the stable path of the bailout shocks

in the aftermath of the crisis suggest that the bailout measures adopted by

the US government are successful in terms of bringing financial stability on

the markets.

Second, the effect of the bailout shock on the government CDS premium

is positive and reaches a maximum of 1.5 basis points after 10 weeks. The

bailout shock leads to a decrease in the creditworthiness of the government

and the effect vanishes out gradually. The magnitude of this effect is not

high, indicating that the bailout measures in the US do not strongly impair

the creditworthiness of the government.

Third, a sovereign risk shock leads to a significant and persistent rise in

the bank CDS spreads. This result illustrates the contagion from the govern-

ment sector to the banks, through which a higher default risk of the govern-

ment affects negatively the creditworthiness of the banking sector.

Overall, the results for the US show a strong stabilization effect of the

bank rescue packages despite the fact that they lead to an increase in the

sovereign CDS premium. Moreover, the latter effect is not strong in magni-

tude and therefore the weaknesses of the financial sector associated with the

bank rescue packages do not substantially affect the perceived solvency of

the government.

Ireland – The impulse response functions for Ireland are presented in

Figure 2.5. We can notice that the response of the banking sector CDS pre-

mium to a bailout shock is negative only for a very short period and this

effect is driven by the identifying assumption. Thereafter, the effect becomes

significantly positive and reaches a magnitude of 35 basis points at the peak.
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This pattern suggests that following a bailout shock, the default risk of the

banking sector decreases only temporarily and the stabilization effects of the

intervention are limited. The effects of a bailout shock on the likelihood of

default in the banking sector differ across the US and Ireland.

Similarly to the US, the bailout shock leads to an increase in the

sovereign CDS premium. The effect is statistically significant and it reaches

a peak of approximately 25 basis points. Furthermore, a sovereign risk shock

also leads to higher bank CDS spreads. These effects confirm the previous

findings that bailout shocks transfer risk from the financial sector to fiscal

authorities and the two sectors become mutually exposed. However, the

contagion channel from banks to sovereign is stronger for Ireland than for

the US.

Germany – The impulse response functions for Germany are presented

in Figure 2.6. The results are similar to the ones for Ireland. The response

of the default risk in the banking sector to a bailout shock becomes signifi-

cantly positive immediately after the shock occurs. Furthermore, the bailout

shock leads to a significant increase in the CDS spreads on government debt,

and a positive sovereign shock generates an increase in the CDS spreads of

the banking sector. These results also indicate a strong contagion channel

between the public and private sector and a persistent interplay between

the riskiness associated with the two sectors.

European Countries – The impulse response functions for the other

European countries are presented in Appendix 2.A.2. Their directions and

shapes indicate that the effects of the shocks are similar. For most European

countries except Spain, the bailout shocks generate a transitory drop in the

bank CDS spreads, followed by a return to positive values. This rise in the

bank CDS spread indicates a limited stabilization effect and it is in contrast

with the US, where the bank rescue packages managed to restore the credit-



527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM
Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019 PDF page: 50PDF page: 50PDF page: 50PDF page: 50

40 Bailouts and Contagion Channels

Figure 2.5: Impulse response functions - Ireland
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Notes: The solid lines denote the optimal medians of the impulse responses, which are estimated
from a sign restricted VAR with 1000 draws. The confidence bounds represent the 16th and 84th
percentiles of the distribution obtained from 1000 bootstraps. The term spread is expressed in
percentage terms, while the CDS spreads are in basis points. The horizontal axis denotes weeks.

worthiness of the banking system. A second robust finding is the increase in

the sovereign CDS spreads as a result of a positive bailout shock. This effect

is strong for Ireland, Italy and Spain and it indicates that for these coun-

tries the rescue of the banking sector has a higher burden and impairs the

sustainability of the sovereign debt. Finally, a positive sovereign risk shock

leads to a significant decrease in the creditworthiness of the banking sector

across all countries. The effect is pronounced in magnitude for France, Italy

and Spain and highlights a high vulnerability of the banking sector towards

the default risk of the government.

The overall results indicate that the inter-linkage between the state and
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Figure 2.6: Impulse response functions - Germany
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Notes: The solid lines denote the optimal medians of the impulse responses, which are estimated
from a sign restricted VAR with 1000 draws. The confidence bounds represent the 16th and 84th
percentiles of the distribution obtained from 1000 bootstraps. The term spread is expressed in
percentage terms, while the CDS spreads are in basis points. The horizontal axis denotes weeks.

the financial system is stronger and more persistent in Europe relative to

the US. A bailout shock in the US has a lasting negative effect on the default

risk of banks and the volatility of the shock decreases over time. The contrast

between the persistent effect in the US and the transitory one in Europe can

be explained by several differences between the continents in terms of bank-

sovereign relationships. One explanation for this dissimilarity is that banks

in Europe are more exposed to their domestic governments. Furthermore,

banks’ assets as a percent of government taxes are much larger in Europe

compared to the US, therefore the government deals with a higher burden

for rescuing the banking sector (Merler and Pisani-Ferry, 2012).
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As Goodhart (2011) documents, the connection between the government

and the financial sector in Europe is much more complex than in the US. The

default of a US state would have less negative consequences and spillovers

on the default risks in the financial sector for two reasons. First, the exis-

tence of a federal centre and a fiscal union acts as a potential buffer in case

of a negative shock in a particular region. This union increases the overall

creditworthiness of the government and its ability to support a distressed

financial sector. Second, the financial intermediaries in the US operate on

a much wider scale than in Europe and therefore these institutions hold a

much more diversified portfolio of state bonds. Therefore the exposure of

the banks to the government are not only lower than in Europe but also

more spread across the states. For these reasons, the uncertainty with re-

spect to the ability of the government to provide the necessary support to

the banking sector is lower for the US.

2.5 Robustness checks

2.5.1 Validation of bailout shocks

The graphs that illustrate the evolution of the bailout shocks show a good

match between the bailout shocks estimated by the VAR model and the ac-

tual bailout announcement dates for all countries (Figures 2.1, 2.2 and 2.3, as

well as Figures 2.8 - 2.10 in the Appendix). As discussed in Sections 2.2.2 and

2.4.1 there are a couple of mismatches due to limitations of the identification

method and availability of bailout data. Therefore I conduct a formal test to

assess whether the relationship between the bailout shocks and bailout an-

nouncement dates is indeed positive and statistically significant across all

countries. I estimate logit regressions with the bailout announcement dates

as the dependent variable (0, no announcement; 1, announcement) and the
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bailout shocks as the explanatory variable. These regressions provide a sta-

tistical validation of the identification method.

The first two columns of Table 2.2 provide the regressions results based

on the bailout shocks obtained from the VAR model estimated with one lag,

while columns three and four present the results for the bailout shocks ob-

tained from the VAR model with two lags. The table reports marginal effects

associated with the bailout shocks on bailout announcements.

Table 2.2: Match of bailout shocks with actual bailout announcements

1 Lag 2 Lag

Dependent variable:
Bailout dummy (1) (2) (3) (4)

Bailout Shocks 0.018*** 0.017*** 0.018*** 0.016***
(model) [0.004] [0.004] [0.004] [0.004]

Country dummies no yes no yes
Observations 1022 1022 1015 1015
Number of countries 7 7 7 7
Pseudo R2 0.080 0.102 0.075 0.095

Notes: Table reports marginal effects of logit regressions. Actual bailout announcement dates (0, no announcement; 1, announcement)
are regressed on country-specific bailout shocks derived form the VAR model. Robust standard errors are reported in brackets and the
constant term is suppressed. ‘***’ denotes statistical significance at the 1% percent level. The appendix provides an overview of the data
on bailout dates and sources.

The results in Table 2.2 indicate that the marginal effects are positive

and statistically significant at the 1% level. These results show that across

all countries there is a match between the bailout shocks and the bailout

announcement dates and therefore provide support to the identification

scheme used for identifying the bailout shocks.

2.5.2 Robustness to lag specification

The results are robust to the estimation of the VAR models with two lags.

The match of the bailout shocks and bailout announcement dates also re-
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mains robust to this specification. The graphs indicate the same contrast

between the volatility of the bailout shocks after January 2009 for the Eu-

ropean countries versus the one for the US. The regression results in Table

2.2 show that the marginal effects are positive and statistically significant at

1 % level in the regressions based on the bailout shocks obtained from the

VAR models with two lags.

The impulse response functions indicate similar effects of the bailout

shocks and sovereign risk shocks. For the US the effects are unchanged, in

the sense that a bailout shock leads to a persistent decrease in the default

risk of the banking sector and an increase in the default risk of the govern-

ment. For many European countries, a bailout shock decreases the default

risk temporarily and thereafter the effect becomes positive and significant.

The main difference with the previous results is that the initial negative ef-

fects are more pronounced for the UK and Ireland. Furthermore, the effects

of a bailout shock on the banks’ default risk for France and Spain are not sta-

tistically significant. The effects of a positive sovereign risk shock are robust

across countries and consist of an increase in the default risk of the banking

sector.

2.6 Conclusion

This paper investigates the interaction between the sustainability of

sovereign debt and the default risk of banks that came into spotlight due to

government interventions in support of the banking sector. I distinguish two

channels of contagion by identifying bailout and sovereign risk shocks and

estimating their effects on the default risks of the banking sector and gov-

ernments. In order to identify these shocks and explore the implications of

the financial rescue packages I estimate VAR models with sign restrictions.

The validity of the identification scheme for the bailout shocks is assessed
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by their match with the dates of actual announcements of bank rescue pack-

ages.

The results illustrate a good match between the bailout shocks identified

by the model and the actual announcements of bank rescue packages. This

match validates the identification scheme and it indicates that bank rescue

packages generated a risk transfer from banks to governments. The persis-

tence of this risk transfer and therefore the strength of the bank-sovereign

contagion varies across countries in Europe and the US. For the European

countries the volatility of the bailout shocks remains high throughout the

sample.

The impulse response functions indicate that a bailout shock leads to a

strong decrease in the default risk of the banking sector for the US. For most

of the European countries the decline in the banks’ CDS spreads is transi-

tory and thereafter becomes positive. However, the increase in the sovereign

CDS spreads following a bailout shock is uniform across all countries. Fur-

thermore, an adverse risk shock in the sovereign sector also generates an in-

crease in the banks’ default risk. This effect is high in particular for France,

Italy, and Spain and it indicates a higher vulnerability of the banking sec-

tor towards the weaknesses of the government. Overall, the results show a

stronger contagion between the public and the private sector for Europe in

comparison to the US. The patterns of the bailout shocks indicate a strong

stabilization effect only for the US.
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2.A Appendix

2.A.1 Evolution of bailout shocks

Figure 2.7: Evolution of bailout shocks - France
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Notes: The graph illustrates the shock associated with the optimal median of the IRFs.
Positive values indicate a bailout shock.

Figure 2.8: Evolution of bailout shocks - Italy
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Notes: The graph illustrates the shock associated with the optimal median of the IRFs.
Positive values indicate a bailout shock.
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Figure 2.9: Evolution of bailout shocks - Spain
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Notes: The graph illustrates the shock associated with the optimal median of the IRFs.
Positive values indicate a bailout shock.

Figure 2.10: Evolution of bailout shocks - UK
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Notes: The graph illustrates the shock associated with the optimal median of the IRFs.
Positive values indicate a bailout shock.



527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM
Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019 PDF page: 58PDF page: 58PDF page: 58PDF page: 58

48 Bailouts and Contagion Channels

2.A.2 Impulse response functions

Figure 2.11: Impulse response functions - France
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Notes: The solid lines denote the optimal medians of the impulse responses, which are estimated
from a sign restricted VAR with 1000 draws. The confidence bounds represent the 16th and 84th
percentiles of the distribution obtained from 1000 bootstraps. The term spread is expressed in
percentage terms, while the CDS spreads are in basis points. The horizontal axis denotes weeks.
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Figure 2.12: Impulse response functions - Italy
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Notes: The solid lines denote the optimal medians of the impulse responses, which are estimated
from a sign restricted VAR with 1000 draws. The confidence bounds represent the 16th and 84th
percentiles of the distribution obtained from 1000 bootstraps. The term spread is expressed in
percentage terms, while the CDS spreads are in basis points. The horizontal axis denotes weeks.
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Figure 2.13: Impulse response functions - Spain
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Notes: The solid lines denote the optimal medians of the impulse responses, which are estimated
from a sign restricted VAR with 1000 draws. The confidence bounds represent the 16th and 84th
percentiles of the distribution obtained from 1000 bootstraps. The term spread is expressed in
percentage terms, while the CDS spreads are in basis points. The horizontal axis denotes weeks.
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Figure 2.14: Impulse response functions - UK
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Notes: The solid lines denote the optimal medians of the impulse responses, which are estimated
from a sign restricted VAR with 1000 draws. The confidence bounds represent the 16th and 84th
percentiles of the distribution obtained from 1000 bootstraps. The term spread is expressed in
percentage terms, while the CDS spreads are in basis points. The horizontal axis denotes weeks.
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Chapter 3

Bank competition and fragility:
The role of non-core liabilities

The avoidance of taxes is the only intellectual pursuit that still

carries any reward.

John M. Keynes

3.1 Introduction

The beneficial effects of competition are questioned in the banking litera-

ture as competition could determine banks to increase their risk exposure,

leading to both higher individual bank fragility and systemic risk. Stronger

competition is associated with lower interest margins, which decrease the

loan loss buffer and put pressure on banks’ profits, therefore raising their

incentives to make riskier investments (Keeley, 1990; Allen and Gale, 2004).

However, low interest margins also curtail moral hazard at the firm level

and decrease the risk of banks’ loan portfolios (Boyd and De Nicoló, 2005).

The relationship between bank competition and financial stability remains

ambiguous, which motivates an on-going stream of research.

Recent research shows that the effect of competition on bank stabil-

ity depends on factors such as the current level of competition (Martinez-
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56 Bank competition and fragility

Miera and Repullo, 2010), the regulatory environment (Beck et al., 2013),

and the structure of banks’ liabilities (Freixas and Ma, 2015). Furthermore,

the competition-stability and competition-fragility channels can co-exist if

one distinguishes between various types of bank risk because a decrease in

loan portfolio risk need not imply a decrease in banks’ overall default risk

(Berger et al., 2009). A safe loan portfolio does not necessarily reduce insol-

vency risk if it is accompanied by high leverage (Freixas and Ma, 2015).

In this chapter I investigate how the effect of competition on banks’ de-

fault risk changes according to the structure of banks’ liabilities. The effect

of competition on bank stability is allowed to vary with the proportion of

wholesale funds in total assets, while taking into account the other factors

proposed by recent research in order to construct a unified framework. Fur-

thermore, I test whether the interplay between bank competition and whole-

sale funding has a differentiated impact on loan portfolio quality and overall

bank default risk. The relevance of non-core liabilities has been recently ac-

knowledged in the financial stability literature (Acharya et al., 2011; Huang

and Ratnovski, 2011; Hahm et al., 2013), however it is still overlooked in the

research on the effects of bank competition.

The analysis in this paper is motivated by the theoretical model of

Freixas and Ma (2015), which shows that the impact of competition on bank

default risk can be amplified or mitigated by changes in the bank’s liability

structure. In their model, a reduced loan rate due to higher competition low-

ers the capital buffer against loan losses in a stronger way than it curtails the

moral hazard of the firms. The decrease in bank profits is stronger than the

improvements in the quality of the loan portfolio and higher competition

leads to increased risk-taking incentives of banks.

These risky investments often translate in an expansion of bank balance

sheets and are likely to be funded through short-term volatile wholesale
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funding, therefore the liquidity risk of banks increases as they become sus-

ceptible to bank runs by wholesale financiers. As a consequence, a loan

portfolio financed with high leverage implies higher overall risk even if it

consists of safe assets. Furthermore, Martynova et al. (2015) indicate that

even banks with a high franchise value have increased risk-taking incen-

tives. This effect is stronger when a bank can expand the balance sheet us-

ing inexpensive senior funding (such as repos), and when it can achieve

high leverage due to a protective institutional environment.

The main implication stemming from the model of Freixas and Ma (2015)

is that the impact of competition on bank stability is different for a bank that

relies mainly on retail deposits compared to a bank that has a large share of

wholesale funds. Specifically, they show that the effects of bank competition

on stability are beneficial in a classical banking industry that relies mainly

on retail deposits, while the opposite might hold for an industry with a large

proportion of short-term funding. We therefore expect that a higher level of

wholesale funding is associated with increased bank risk and that this effect

becomes stronger in a competitive environment.

This paper is related to two strands of literature, the traditional

competition-stability line of research as well as recent papers on the role

played by wholesale funding in the Global Financial Crisis. Previous stud-

ies on bank competition present mixed evidence on the relationship between

the market power of banks and their stability. In most single country stud-

ies neither the competition-stability and competition-fragility views are re-

jected (see, e.g., Keeley, 1990; Salas and Saurina, 2003; Boyd and De Nicoló,

2005; Jiménez et al., 2013). The papers that focus on a cross-country anal-

ysis also find mixed results, however their evidence is inclined towards a

competition-fragility channel (Beck et al., 2006; Schaeck et al., 2009).

The relationship between wholesale funding and bank stability is de-
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58 Bank competition and fragility

bated at the theoretical level, however empirical studies find evidence on

its destabilizing role. The "bright side" of wholesale funding is exploiting

investment opportunities without being limited by the amount of retail de-

posits that the bank is able to attract. Wholesale funding allows banks to

quickly adjust leverage as these market based funds are quickly available

on short-term for quick adjustments to leverage (Damar et al., 2013). Other

advantages are related to monitoring by wholesale financiers and improved

market discipline (Calomiris, 1999), as well as quick access to refinancing

(Goodfriend and King, 1988).

The "dark side" is that banks may use these easy accessible funds to ag-

gressively expand lending or invest in riskier assets (Acharya et al., 2011;

Huang and Ratnovski, 2011). Furthermore, relying on volatile wholesale

funds generates liquidity risk since wholesale financiers might abruptly

stop lending whenever they receive noisy negative signals about bank fun-

damentals, thereby generating liquidity-induced insolvency risk. Following

a negative shock, margin requirements (haircuts on collateral) for raising

funds increase, leading to a decrease in available funding and a reduction in

market liquidity (Brunnermeier and Pedersen, 2009). With reduced access to

wholesale funds, banks loose their ability to adjust leverage, with negative

consequences on bank stability. Hahm et al. (2013) find that non-core bank

liabilities have explanatory power for financial crises. They argue that this

vulnerability is due to subprime investments based on non-core liabilities

as well as higher maturity mismatch.

In this chapter I link these two strands of literature by looking at the in-

terplay between bank competition and non-core liabilities. I estimate the

effects of bank competition and wholesale funding on bank default and

portfolio risk based on yearly data on U.S. commercial banks between 1994

and 2013. The results indicate that a greater reliance on wholesale funding
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is associated with lower bank stability. The negative effects hold for both

loan portfolio risk as well as overall bank default risk. The novel result in

this chapter is that a higher reliance on wholesale funds strengthens the

competition-fragility channel, suggesting that the dark side of wholesale

funding prevails in a competitive environment. The results show the rel-

evance of accounting for the level of competition when designing macro-

prudential policies such as liquidity ratios or capital requirements. In a

highly competitive market the liquidity ratios potentially insulate the banks

from insolvency risk stemming from an over-reliance on wholesale funds.

In the next section I discuss the theoretical and empirical literature

related to the effects of bank competition on bank stability. In Section 3

I present the empirical model employed for the main analysis and the

methodology for estimating the Lerner index, which is the main proxy for

bank competition employed in the literature. Furthermore, I describe the

dataset and present graphs which depict the evolution of wholesale funding

and bank competition around the recent financial crisis. Section 4 presents

the main results, followed in Section 5 by several robustness tests based on

alternative estimation techniques. Finally, Section 6 concludes by summa-

rizing the main findings.

3.2 Literature review

The theoretical literature is comprised of two competing views on the rela-

tionship between bank competition and stability. The charter value theory

developed by Marcus (1984) and Keeley (1990) is that competition leads to

more fragility because it creates pressure on profits and therefore banks have

higher incentives to take excessive risk. These risk-taking policies consist of

increasing credit risk and likelihood of non-performing loans. Furthermore,

increased competition reduces the surplus that banks earn from identifying
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high-quality borrowers and leads to reduced screening and deterioration of

the credit portfolio (Chan et al., 1986). This view is complemented by Mar-

quez (2002), who shows that a decrease in market concentration increases

the credit availability for low-quality borrowers. The competition stability

view is that a competitive environment reduces the lending rates and de-

creases the moral hazard of entrepreneurs’, thereby lowering the credit risk

of loan portfolios (Boyd and De Nicoló, 2005).

Martinez-Miera and Repullo (2010) attempt to reconcile the two views

and show that the relationship is U-shaped if the assumption of perfect de-

fault correlation across firms is relaxed. In this situation, as competition in-

creases the risk initially decreases because the higher risk of firm failure is

compensated by the higher margins of firms that are able to repay despite

the high interest rates. However, as the number of banks grows beyond a

certain threshold, the risk will take up again. This mechanism implies a U-

shaped relationship between competition and stability, therefore the impact

of an increase in competition depends on the current level of competition.

Recent research focuses on potential interactions that might influence the

competition-stability relationship. Freixas and Ma (2015) develop a model

which shows the crucial roles played by the business cycle, the funding

structure of banks and the level of market power that banks already have.

On the one hand, banks that rely more on wholesale funding have a higher

liquidity risk due to the short-term and volatile nature of this type of fund-

ing. On the other hand, uninsured wholesale depositors have more incen-

tives to monitor the riskiness of the banks, potentially inducing them to cur-

tail risk-taking.

Empirical studies on the relationship between competition and stabil-

ity contains a lot of mixed evidence on the relationship between the market

power of banks and their stability. In most single country studies neither the
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competition-stability and competition-fragility views are rejected (see, e.g.,

Keeley, 1990; Salas and Saurina, 2003; Boyd and De Nicoló, 2005; Jiménez

et al., 2013). The papers that focus on a cross-country analysis also find

mixed results, however their evidence is inclined towards a competition-

fragility channel (Beck et al., 2006; Schaeck et al., 2009). One explanation for

the mixed results could be that papers use different ways to measure mar-

ket power and bank stability. However, the contradictory results are present

even when studies use the same measures.

The competition fragility theory is supported by Keeley (1990), who

measures banks’ market power as the ratio of a bank’s equity market val-

uation to its book value (Tobin’s q) and shows that it is positively correlated

with the solvency ratio. Salas and Saurina (2003) document the same mech-

anism for Spanish banks by looking at the relationship between Tobin’s q

and non-performing loans as a measure of stability. Jiménez et al. (2013) in-

vestigate how non-performing loans are affected by competition. They esti-

mate Lerner indices for various banking products based on the marginal

interest rates charged by Spanish banks and find a negative relationship

between market power and bank risk, therefore bringing further evidence

on the competition-fragility channel. Dick (2006) employs contestability as

a measure of competition and finds a positive relationship between bank

deregulation and loan losses.

In contrast with these findings, the results of Boyd et al. (2009) point

towards a competition-stability channel, since competition has a negative

correlation with bank insolvency risk and bank defaults. Furthermore, Ja-

yaratne and Strahan (1998) find that removing the restrictions on banks’

activities across US states improved the performance of banks in terms of

credit quality, return on assets and equity. The loan losses of banks reduced

immediately after the permission of statewide branching. A similar result
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that shows a positive relationship between market power and loan risk is

obtained by Berger et al. (2009). However, they also find that an increase

in market power leads to a decrease in the overall risk exposure of banks.

Both channels can work simultaneously since riskier loan portfolios do not

imply an increase in the overall risk of banks. Banks can engage in risk-

mitigating techniques such as increasing their equity capital, selling loans

or using credit derivatives. Therefore, they show that it is crucial to disen-

tangle the effect of competition on various bank risk measures. This finding

is similar with the results in the theoretical model of Freixas and Ma (2015),

who indicate that bank competition affects in different ways portfolio risk,

liquidity risk and systemic risk.

Since the theoretical and empirical studies on the connection between

bank competition and stability offer mixed evidence, recent literature

evolves in the direction of a more in-depth analysis by considering how

this relationship changes depending on various factors as well as different

risk measures. For example Beck et al. (2013) study the role played by reg-

ulatory and institutional features in explaining the cross-country variation

in the bank competition-stability relationship. They find that bank competi-

tion leads to more fragility and this effects is stronger in countries with more

activity restrictions, lower systemic fragility and more effective systems of

credit information sharing. However, there no empirical studies that look

at the funding structure of banks and its moderating role for the effect of

competition on stability.



527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM
Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019 PDF page: 73PDF page: 73PDF page: 73PDF page: 73

Chapter 3 63

3.3 Methodology and data

3.3.1 Empirical model

In this section I describe the empirical model employed to test the effect of

wholesale funding on bank stability and whether this effect varies with the

level of bank competition. I first regress the measure of bank default risk

on the Lerner index, wholesale funding and their interaction term, while

controlling for other factors that affect bank stability. Furthermore, I repeat

the analysis by replacing bank default risk with a measure of loan portfolio

risk. Specifically, I estimate the following equation:

Sit = α + β1Lit−1 + β2Wit−1 + β3Lit−1Wit−1 + ζ
′Zit−1 + µi + τt + εit (3.1)

where the indices i and t stand for bank and time and the dependent variable

Sit is the chosen measure of bank stability. Competition Lit is proxied by

the Lerner index, Wit is the ratio of wholesale funding to total assets, Zit

is a vector of control variables and εit is a random error that is normally

distributed. The relationship between competition and stability is allowed

to vary with the ratio of wholesale funding in total assets by including an

interaction term between the Lerner index and wholesale funding. The main

coefficients of interest are β1, β2 and β3, which determine the marginal effect

of wholesale funding on bank default risk and respectively on the quality of

the loan portfolio.

The vector of controls aims to proxy for the banks’ business model and

other variables that might affect bank stability and includes the loans to as-

sets ratio, the share of non-interest income in total income, bank size (loga-

rithm of total assets), the squared logarithm of total assets and the liquidity

ratio as a proxy for liquidity risk. Furthermore I include time fixed effects
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and bank fixed effects to control for unobserved time-invariant differences

across banks that might affect bank stability. I assume a one period lag for

all regressors in order to capture variations in the dependent variable due to

pre-determined past values of the regressors (Boyd et al., 2009; Beck et al.,

2013). We expect delayed effects of wholesale funding and bank competi-

tion on both bank default risk and non-performing loans since we assume

it takes time for the risk to materialize into non-performing loans and lower

bank stability.

A limitation of this analysis is the endogeneity which arises due to po-

tential omitted variables or reverse causality between competition and bank

stability. In that case the estimates obtained based on the fixed-effects esti-

mator are biased since the properties of the estimator hold only under the

assumption of strict exogeneity. If a regressor in one period is correlated

with the error term in the future or past, then the assumption of strict exo-

genity behind the fixed-effects estimator is not fulfilled. It is difficult to fully

solve this endogeneity issue due to lack of external suitable instruments,

therefore we cannot give a causal interpretation to the estimated effects. In

order to deal with this issue we would ideally have an external instrument

that is correlated with the Lerner index and does not affect bank stability in

a direct way. Since suitable external instruments are not available, I employ

functional form identification following the approach proposed by Lewbel

(2012) and estimate the model based on 2SLS-FE to check for the robustness

of the results obtained with the OLS estimator.

I first estimate the equation using the logarithm of Z-score as a proxy for

overall bank default risk and further I investigate the effects on loan port-

folio quality, measured by the level of non-performing loans in total assets.

The model is estimated based on the OLS within estimator (FE-OLS) and I

employ robust standard errors to account for hetereoscedasticity and auto-
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correlation in the residuals. We are interested in the effects of competition

and wholesale funding on bank stability, which are obtained by computing

the following marginal effects:

δSit

δLit−1
= β̂1 + β̂3Wit−1 (3.2)

δSit

δWit−1
= β̂2 + β̂3Lit−1 (3.3)

The hypotheses for the main coefficients of interest are presented in Ta-

ble 3.1. These effects correspond with the competition-fragility view, as a

higher Lerner index (more market power) is associated with a higher Z-

score (more stability). Furthermore, an increased level of wholesale funding

is associated with higher bank default risk and lower stability. An expan-

sion of banks’ balance sheets based on short-term volatile wholesale fund-

ing leads to an increased liquidity risk as banks become susceptible to bank

runs by wholesale financiers. As a consequence, a loan portfolio financed

with high leverage implies higher overall risk even if it consists of safe as-

sets.

The coefficients of the interaction terms denote that the negative effects

on bank stability become stronger in a competitive environment. These hy-

potheses are based on the model of Freixas and Ma (2015), who show that

the effects of bank competition on stability are beneficial in a classical bank-

ing industry that relies mainly on retail deposits, while the opposite might

hold for an industry with a large proportion of short-term funding. We

therefore expect that a higher level of wholesale funding is associated with

increased bank risk and that this effect becomes stronger in a competitive

environment. The effects on non-performing loans should naturally have

an opposite pattern since a higher Z-score denotes increased bank stability,
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while non-performing loans are an indication of a lower portfolio quality

and larger potential losses.

Table 3.1: Hypotheses for Main Coefficients

Lerner Wholesale Interaction
β1 β2 β3

Bank Z-score + - +

Bank portfolio risk - + -

3.3.2 Data

In order to estimate Equation 3.1 I collect bank balance sheet data to con-

struct measures of bank portfolio risk, bank insolvency risk and the Lerner

index to proxy for bank competition. The data is obtained from the Call

Reports for Income and Condition for all available U.S. commercial banks

between 1994 and 2013. I use the Lerner index as a measure of bank compe-

tition since this is widely employed in the literature and it has been shown

to be highly correlated with other bank concentration measures (see, e.g.,

Berger et al., 2009; Beck et al., 2013; Jiménez et al., 2013). The Lerner index

is a bank-level measure of market power which indicates by how much a

bank can price its products over its marginal costs:

Li,t =
Pi,t −MCi,t

MCi,t
(3.4)
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for each bank i in time period t. The Lerner index can vary between 0 (per-

fect competition) and 1 (monopoly). The estimation of the Lerner index is

based on Koetter et al. (2012) and we define the price Pi,t as the ratio of total

operating income and total assets, and the costs Ci,t as operating expendi-

tures. In order to obtain the marginal cost MCi,t, I estimate a bank-level cost

function based on a trans-log specification. The three inputs are fixed assets

(w1
i,t), labor (w2

i,t) and funds (w3
i,t), and the two outputs are loans (y1

i,t) and

securities (y2
i,t). The costs of fixed assets are expenses on premises and fixed

assets divided by premises and fixed assets, the costs of labor are salaries

divided by the number of full-time equivalent employees, and the costs of

funds are interest expenses on federal funds and deposits divided by the

amount of federal funds and deposits. All balance sheet items are deflated

using a GDP deflator, and any observations with negative inputs, outputs,

costs or equity are removed. I truncate the remaining observations on the 1st

and 99th percentiles to remove outliers. The cost function is estimated based

on the following trans-log specification:

ln Ci,t = α +
3

∑
j=1

αj ln wj
i,t +

3

∑
j=1

0.5αjj(ln wj
i,t)

2 +
3

∑
j=1

3

∑
k=1
k>j

αjk ln wj
i,t ln wk

i,t

+
2

∑
j=1

β j ln yj
i,t +

2

∑
j=1

0.5β jj(ln yj
i,t)

2 + β12 ln y1
i,t ln y2

i,t + δ1 ln zi,t

+ 0.5δ2(ln zi,t)
2 +

2

∑
j=1

3

∑
k=1

γjk ln yj
i,t ln wj

i,t +
2

∑
j=1

λ1j ln yj
i,tt

+
3

∑
j=1

λ2j ln wj
i,tt + λ31 ln zi,tt + t + t2 + εi,t (3.5)

Following Mester (1996, 1997), equity is included as netput z. Technological

change is captured via a deterministic time-trend t and we assume homo-

geneity of degree one in input prices by dividing the inputs and costs by w3
i,t
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(the cost of borrowed funds). I estimate Equation 3.5 by OLS for the entire

sample using robust standard errors, and obtain the marginal costs MCi,t by

taking the first derivate of Equation 3.5 with respect to the outputs:

M̂Ci,t =
ln Ci,t

ln y1
i,t

[
β̂1 + β̂11 ln y1

i,t + β̂12 ln y2
i,t +

3

∑
j=1

γ̂1j ln wj
i,t + λ̂11t

]

+
ln Ci,t

ln y2
i,t

[
β̂2 + β̂22 ln y2

i,t + β̂12 ln y1
i,t +

3

∑
j=1

γ̂2j ln wj
i,t + λ̂12t

]
(3.6)

Once we have the estimates for the marginal cost, we compute the Lerner

index at the bank-level based on Equation 3.4. Beck et al. (2013) show that

the Lerner index is strongly positively correlated with other market power

measures. Similarly, Delis et al. (2017) report a high correlation between the

Lerner index and the Boone indicator for the banking industries of several

countries, suggesting that the Lerner index is a valuable indicator of market

power. Furthermore, one advantage of the Lerner index is that its computa-

tion does not require the definition of a geographical area and therefore it

is less restrictive than market concentration measures. Most of the variation

in the Lerner index is across banks. One disadvantage of the Lerner index

is that it does not account for banks’ risk taking and therefore in a perfectly

competitive environment a larger Lerner index could imply that banks take

more risk for given marginal cost (Berger et al., 2009).

Following Berger et al. (2009), I employ the Z-score as the main measure

of bank stability:

Zi,t =
ROAi,t + Ei,t/TAi,t

σROAi,t

(3.7)

where ROAi,t is the Return-on-Assets, Ei,t/TAi,t is the ratio of equity to to-

tal assets and σROAi,t is the standard deviation of the Return-on-Assets. The
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Z-score measures the distance to insolvency and it increases with higher

profitability and decreases when returns are highly volatile. It indicates how

much returns have to decrease in order to wipe out the equity of the bank

and therefore a higher Z-score implies a lower probability of insolvency. I

follow Beck et al. (2013) and use each year’s values of the Return-on-Assets

and equity ratio, and compute a rolling standard deviation of the Return-

on-Assets. Since the Z-score is heavy-tailed, I follow previous literature and

take the logarithm of the Z-score as the measure of bank stability. Further-

more, I repeat the analysis by using non-performing loans as the dependent

variable in order to assess the effects of competition and wholesale funding

not only on bank default risk but also on the quality of the loan portfolio.

The last variable of interest is the bank-level dependence on wholesale

funding, which is the proxy for the amount of non-core liabilities. I follow

Acharya and Mora (2015) and obtain wholesale funding as the sum of large-

time deposits, deposits in foreign offices, subordinated debt, gross federal

funds purchased, repos, and other borrowed money. The model includes

additional explanatory variables to control for banks’ business models and

bank risk, such as the ratio of loans to total assets, the ratio of liquid as-

sets to total assets, the ratio of non-interest income to total income, and the

logarithm of total assets to proxy for bank size.

I truncate the 1st and 99th percentile of the wholesale funding ratio and

the control variables to obtain the final sample, with approximately 140 000

bank-year observations, covering approximately 11 021 unique banks and

an average panel length of 11 years. Table 3.2 shows the summary statistics

for all the variables, including the ones used to estimate the Lerner index.

We average the Z-score, Lerner index and wholesale funding across banks

and plot their evolution over time in Figure 3.1. We can notice that both

competition and wholesale funding reached a peak before the onset of the
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financial crisis in 2008. After the crisis we observe an increase in market

power and a decrease in wholesale funding as banks started to de-leverage.

Figure 3.2 presents the evolution of the distribution of wholesale funding

across time as well as by bank asset terciles. We note that the level of whole-

sale funds employed by banks increased over time and that larger banks

rely more on this type of funding.

Table 3.A in the Appendix of this chapter presents correlations among

the bank level variables in the estimated model in order to assess poten-

tial issues related to multicollinearity. Overall there are no large correlations

among the employed variables.
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Figure 3.1: Evolution of main variables
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Figure 3.2: Wholesale funding distribution
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Table 3.2: Summary statistics

Variable Obs Mean Std. Dev. Min Max

Main variables

Ln (Zscore) 140 796 4.14 0.97 1.42 6.69
Non-performing loans / Total loans 162 461 0.01 0.02 0.00 1.00
Lerner 150 951 0.34 0.09 0.00 0.58
Wholesale funding / Total assets 159 215 0.17 0.10 0.01 0.54
Loans / Total assets 159 215 0.62 0.14 0.18 0.90
Liquid assets / Total assets 159 213 0.36 0.17 0.06 0.87
Non-interest income / Total income 159 373 0.11 0.07 0.00 0.52
Equity / Total assets 159 454 0.10 0.03 0.05 0.29
Ln (Total assets) 162 463 11.71 1.33 7.29 21.22
ROA 160 498 0.01 0.01 -0.04 0.03

Lerner estimation variables

Cost of fixed assets w1 155 365 35.71 34.60 5.76 303.05
Cost of labor w2 155 365 47.88 16.15 20.76 115.01
Costs of borrowed funds w3 155 365 2.51 1.19 0.23 4.93
Operating expenditures (mil $) 155 365 45.52 0.75 0.14 65100
Total securities y1 (mil $) 155 365 167.18 2.86 0.00 310000
Total loans y2 (mil $) 155 365 539.32 8.72 0.00 686000
Equity z (mil $) 155 365 86.47 1.61 0.02 155000
Price 155 365 0.07 0.03 -0.17 3.87
Marginal cost 155 365 0.05 0.02 0.00 2.88

Notes: This table shows summary statistics for all the variables. Cost of fixed
assets is defined as the expenses on premises and fixed assets divided by
premises and fixed assets, cost of labor is the salaries divided by the number
of employees, while cost of borrowed funds is the interest expenses on federal
funds and deposits divided by the amount of federal funds and deposits.
The price is defined as the total operating income divided by total assets, and
the marginal costs come from the estimation of the trans-log cost function in
Equation 3.5. Wholesale funding is defined as the sum of large-time deposits,
deposits in foreign offices, subordinated debt and debentures, gross federal
funds purchased, repos, and other borrowed money. All data are deflated to
2005Q1 dollars.
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3.4 Results

The main regression results are presented in Table 3.3. The first two columns

present the effects of competition and wholesale funding on bank stability

measured by the Z-score, while the last two columns show the effects on

the ratio of non-performing loans in total loans. I extend the analysis by

looking at portfolio risk instead of the overall bank risk because competi-

tion and the structure of bank funding might affect different measures of

risk in a heterogeneous way (Berger et al., 2009; Freixas and Ma, 2015). Even

though an increase in competition might lead to an increase in the overall

risk of banks, it does not necessarily imply that the effect would be similar

for other risk measures at the bank level. The results are consistent across

all the specifications and the coefficients on the interaction terms are statis-

tically and economically significant, therefore I discuss the results based on

models (2) and (4) in Table 3.3.

We can notice that a higher level of wholesale funding is detrimental for

both bank stability as well as the quality of the loan portfolio. The effect of

the interaction term between competition and wholesale funding on the Z-

score is positive and statistically significant at 5% level, while the effect on

non-performing loans is negative and significant at 1% level. This indicates

that the impact of a change in non-core liabilities on bank stability varies

with the level of bank competition. Specifically, a higher level of wholesale

funding is associated with higher bank default risk and a lower quality of

the loan portfolio when the bank operates in a competitive environment. We

can observe in Figure 3.3 the marginal effects based on Equations (6) and (7)

together with the distribution of the Lerner index and wholesale funding

ratio in order to obtain a visual interpretation of these variations.
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Table 3.3: Regression results

(1) (2) (3) (4)
Z-score Z-score Non-performing Non-performing

Loans Loans

Lerner 2.435*** 2.203*** -1.791*** -1.451***
(0.069) (0.114) (0.098) (0.163)

Wholesale -0.618*** -1.017*** 0.237** 0.809***
(0.074) (0.173) (0.102) (0.234)

Lerner ×Wholesale 1.220** -1.744***
(0.477) (0.654)

Loans to assets -2.128*** -2.117*** 1.862*** 1.847***
(0.216) (0.216) (0.297) (0.297)

Non-interest income -0.794*** -0.790*** 0.033 0.028
(0.108) (0.108) (0.143) (0.143)

ln Assets 0.852*** 0.854*** -0.473*** -0.474***
(0.104) (0.103) (0.138) (0.138)

Liquidity ratio -1.483*** -1.470*** 0.974*** 0.955***
(0.200) (0.200) (0.278) (0.278)

ln Assets2 -0.032*** -0.032*** 0.033*** 0.033***
(0.004) (0.004) (0.005) (0.005)

Constant -0.376 -0.318 -4.470*** -4.567***
(0.653) (0.652) (0.919) (0.919)

R-squared 0.091 0.091 0.117 0.117
N 118924 118924 124090 124090

Notes: The table shows the effects of market power (Lerner index) and wholesale funding
ratio on two measures of bank stability. The estimates are obtained based on the within
estimator. Columns (1) and (2) report the effects on the logarithm of the Z-score, and the
last two columns the effects on the logarithm of non-performing loans. Models (1) and (3)
are baseline specifications without the interaction term. I use one period lagged values of
the regressors. Bank fixed effects and time fixed effects (yearly dummies) are included in all
specifications. I use robust standard errors in parentheses to correct for serial correlation and
heteroskedasticity. * p<0.1, ** p<0.05, *** p<0.01.
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Figure 3.3: Marginal effects on Z-score - Model (2)
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Notes: The figure plots the marginals effects of competition and wholesale funding on the
Z-score together with the 95 % confidence bands and the distribution of the variables. Panel
3.3a plots the marginal effect of wholesale funding on the Z-score as a function of the Lerner
index. Panel 3.3b plots the marginal effects of the Lerner index on the Z-score as a function
of wholesale funding.

Figure 3.4: Marginal effects on Non-performing Loans - Model (4)
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Notes: The figure plots the marginals effects of competition and wholesale funding on
non-performing loans together with the 95 % confidence bands and the distribution of the
variables. Panel 3.4a plots the marginal effect of wholesale funding on non-performing
loans as a function of the Lerner index. Panel 3.4b plots the marginal effects of the Lerner
index on non-performing loans as a function of wholesale funding.
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Figure 3.3a shows the marginal effect of wholesale funding on the Z-

score as a function of the Lerner index. If we take into account the distribu-

tion of the Lerner index we notice that the predominant effect is negative,

indicating that an increase in wholesale funding when the bank operates in

a competitive environment is associated with higher overall bank risk. The

slope of the marginal effect is positive which suggests that the negative ef-

fect of wholesale funding on stability is mitigated by higher levels of bank

market power.

In Figure 3.3b we can see the marginal effect of the Lerner index on the

Z-score as a function of wholesale funding. An increase in market power

is positively associated to bank stability for all levels of wholesale fund-

ing. The slope of the effect is positive, which shows that the association be-

comes stronger as wholesale funding increases. The positive relationship

between bank market power and bank soundness is consistent with other

recent findings in the literature, see (Beck et al., 2013), who also find a con-

siderable cross-country variation. The results in this chapter show that the

competition-fragility channel prevails in an environment where banks rely

on wholesale funding.

In Figure 3.4a we notice that an increase in wholesale funding is associ-

ated with a larger ratio of non-performing loans and the effect diminishes

as market power increases. This suggests that a higher ratio of volatile short

term debt is associated to larger portfolio risk and it is consistent with the

previous finding of a negative effect of wholesale funds on bank stability.

The result indicates that the interplay between competition and the ratio of

wholesale funding has a consistent impact on loan portfolio risk as well as

the overall bank default risk. Lastly, Figure 3.4b shows than an increase in

market power is negatively related to non-performing loans and the effect

becomes stronger as market power increases. The graph indicates that an
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increase in market power for banks that rely more on wholesale funding

is positively associated with the quality of the loan portfolio. This corrobo-

rates the evidence that large amounts of wholesale funding are detrimental

to bank stability in a competitive environment.

Similarly to the findings of Hahm et al. (2013), this chapter shows that

the effects of an increase in the wholesale funding ratio on bank stability are

negative, no matter whether we consider insolvency risk or portfolio risk.

Wholesale funding allows banks to quickly adjust leverage as market based

funds are available on short notice when the markets are functioning well.

However, the volatile nature of these funds generates a high liquidity risk as

the market can freeze based on negative signals, causing banks to loose their

ability to adjust leverage. The results show that the "dark side" of wholesale

funding consisting of higher funding liquidity risk seems to outweigh the

benefits related to better monitoring by wholesale providers.

The novel result of this chapter is that the role played by bank competi-

tion in determining stability depends on the proportion of wholesale funds

that a bank employs. This provides evidence for revising the old debate

on competition-stability vs competition-fragility by showing that the latter

channel prevails in an environment where banks rely more on wholesale

funding vs retail funding. The competition-fragility channel states that an

increase in competition generates downward pressure on interest rates and

lowers bank profits and franchise value, which incentives banks towards

risk-taking activities and leads to higher default risk. The competition-

stability theory argues that lower interest rates generated by competition

decrease the potential moral hazard of the entrepreneurs and therefore lead

to a reduced portfolio risk.

If we account for the debt structure, we notice that a high reliance on

wholesale funding amplifies the negative effect of competition on bank sta-
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bility. This negative effect is visible for both loan portfolio risk as well as

overall bank default risk. A competitive environment incentives banks to

invest in riskier activities and this effect is amplified when these riskier in-

vestments are based on volatile short term funding such as wholesale funds.

If banks have access to cheap wholesale funds and rely too much on short-

term funding, the generated liquidity risk induced by the bank’s leverage

choice might offset any reduction in portfolio risk. Therefore the effects of

competition on stability depend on the level of leverage and the risk tak-

ing incentives of the bank and the associated funding liquidity risk would

dominate the effects of the reduction in portfolio risk induced by the lower

moral hazard of entrepreneurs. These findings indicate that looking at the

effects of competition in isolation can miss out on important interactions

and implications for financial stability and therefore policies that look at

competitiveness should be paired with macro-prudential policies.

3.5 Robustness

I employ several robustness tests in order to deal with limitations of the

data and methodology. The results of these checks indicate that the findings

are robust to different model specifications, and an alternative estimator.

I repeat the analysis and employ an estimator which allows for an AR(2)

specification of the residuals. Furthermore, the model is extended with ad-

ditional control variables such as loan provisions and total securities or with

the regressors lagged two periods instead of one. These alternative set-ups

provide consistent results regarding the negative effects of wholesale fund-

ing on bank soundness as well as the interaction term with competition. In

what follows I discuss potential concerns with the analysis and present the

results for alternative regression specifications.

One concern in the bank competition literature is that the relationship
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between the Lerner index and Z-score might be mechanical due to the fact

that bank profitability is a common component of both variables (Beck et al.,

2013). However, in this chapter I also look at non-performing loans as a

proxy for bank portfolio risk in order to test whether the interaction effect

between bank competition and the ratio of wholesale funding remains sta-

tistically and economically significant. Since the coefficient on the interac-

tion between market power and wholesale funding in model (4) is similar

with the one in model (2) both in terms of statistical and economical impor-

tance, I conclude that the results are not driven by the common profitability

factor in the Z-score and the Lerner index.

An alternative way to account for autocorrelation in the residuals is to

estimate a dynamic model by including a lagged dependent variable as a

regressor. However, the dynamic model implies an induced correlation be-

tween the fixed effects and the lagged dependent variable, which gener-

ates bias in the estimate of the coefficient of the lagged dependent variable

(Nickell, 1981). Furthermore, the estimates of the coefficients on other re-

gressors are also biased due to potential correlation between them and the

lagged dependent variable. For these reasons the main results are based on

the specification without a lagged dependent variable. However, I employ

the within estimator on the dynamic specification for robustness checks and

we can notice in Table 3.6 in the Appendix that the main findings remain

valid. Furthermore, the bias mentioned above decreases with the time di-

mension of the dataset, which is reasonably large for the sample employed

in this analysis.

Furthermore, I investigate whether the effect of bank competition and

wholesale funding on bank stability has a different magnitude depending

on the size of the banks. I estimate the model by splitting the sample based

on three terciles of bank total assets. We still notice a negative effect of the
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wholesale funding ratio of bank stability, as well as a positive effect of mar-

ket power. However, the results indicate that the interaction effect between

competition and wholesale funding is present especially for banks belong-

ing to the first two terciles.

Finally, I estimate the models based on a first-differences specification

and the results are presented in Table 3.7 in the Appendix. The results for the

main variables of interest (e.g., Lerner, wholesale funding and their interac-

tion term) are robust both in terms of sign as well as statistical significance.

We can notice in columns (2) and (4) that the signs of these three variables re-

main the same, implying that the marginal effects of wholesale funding and

competition are robust across the within estimator and the first-differences

estimator.

3.5.1 Instrumental Variable estimation

An important concern in the analysis is given by the potential bias in the

estimates due to endogeneity caused by simultaneity between the Lerner

index and the Z-score. In order to deal with this issue we would ideally

have an external instrument that is correlated with the Lerner index and

does not affect bank stability in a direct way. Since suitable external instru-

ments are not available, I employ functional form identification following

the approach proposed by Lewbel (2012) and estimate the model based on

2SLS-FE to check for the robustness of the results obtained with the OLS es-

timator. Lewbel (2012) shows that heteroscedasticity in the errors of the first

stage regression can be used as a source of identification, especially when

appropriate external instruments are not available. The main assumption is

that the errors in a linear projection of the endogenous regressor on the other

regressors are heteroscedastic. The generated instruments are constructed

from the first stage residuals, multiplied by each of the included exogenous
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variables in mean-centered form.

The results are presented in Table 3.8 in the Appendix , which reports the

p-values of the under-identification tests based on the Kleibergen and Paap

(2006) rk statistic with rejection implying identification, as well as the p-

values of the over-identification test based on the Sargan (1958) and Hansen

(1982) J-test, with rejection implying that the model is misspecified or at

least one of these instruments is invalid. Furthermore, the table presents the

Sanderson and Windmeijer (2016) F-statistic as a test for weak identification

of the individual endogenous regressors. For each model specification we

reject the null that the model is under-identified based on the Kleibergen-

Paap rk statistic. Furthermore, the F-statistic indicates that the we reject

the null hypothesis that the particular endogenous regressor in question is

unidentified.

For the model with the Z-score as a dependent variable, the Hansen

J-test indicates that we do not reject the joint null hypothesis that our in-

struments are uncorrelated with the residuals and the excluded instruments

are correctly excluded from the second stage regression. We notice that the

results are relatively robust for this model and in line with the ones ob-

tained with OLS - FE. However, for the model with non-performing loans

as a dependent variable, the validity of the instruments is not supported by

the Hansen-J overidentification test. We reject the null hypothesis that the

instruments are uncorrelated with the residuals, which renders the instru-

ments and implicitly the obtained estimates to be inaccurate. Therefore, we

are careful with the interpretation of these coefficients as we can’t capture

causality between the variables.
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3.6 Conclusion

This paper investigates the effects of competition on loan portfolio quality

and bank default risk and how these effects vary depending on the amount

of wholesale funding that a bank employs. The literature on the impact of

bank competition is highly divided and no consensus has yet been reached

about the implications of competition for bank stability. The relevance of

non-core liabilities has been recently acknowledged in the financial stability

literature, given the important role that these funds played in the Global Fi-

nancial Crisis. I therefore investigate whether the structure of bank liabilities

affects the bank competition-stability relationship. This is motivated by the

theoretical model of Freixas and Ma (2015), which shows that the impact of

competition on bank default risk can be amplified or mitigated by changes

in the bank’s funding structure.

The findings show that the "dark side" of wholesale funding, which con-

sists of higher liquidity risk seems to outweigh the benefits related to bet-

ter monitoring by wholesale providers. The main advantages of wholesale

funding are that it allows for quick leverage adjustment as these market

based funds are readily available on short-term as well as improved market

discipline due to potential monitoring by wholesale financiers. The "dark

side" is that banks may use these easy accessible funds to aggressively ex-

pand lending or invest in riskier assets. These risky investments often trans-

late in an expansion of bank balance sheets and the liquidity risk of banks in-

creases as they become susceptible to bank runs by wholesale financiers. As

a consequence, a loan portfolio financed with high leverage implies higher

overall risk even if it consists of safe assets. Furthermore, relying on volatile

wholesale funds generates liquidity risk since wholesale financiers might

abruptly stop lending whenever they receive noisy negative signals about
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bank fundamentals, thereby generating liquidity-induced insolvency risk.

The second result in this chapter is that a higher reliance on whole-

sale funds strengthens the competition-fragility channel, suggesting that the

dark side of wholesale funding prevails in a competitive environment. This

is line with other findings in the literature, such as the study of Hahm et al.

(2013), who find that non-core bank liabilities have explanatory power for

financial crises. An environment characterized by intense competition cou-

pled with a high reliance on wholesale funding is prone to generate a higher

default risk for the banks and it is associated with a higher level of non-

performing loans. However, the analysis in this chapter has two important

limitations. First, we cannot provide a causal interpretation to the relation-

ships since the assumption of exogeneity behind the fixed effects estimator

is not fulfilled. Second, the analysis provides a partial view on the role of

competition and therefore the results should not be interpreted in favour of

limiting bank competition. The results show the importance of monitoring

the term structure of the liability side of bank balance sheets as well as the

relevance of accounting for the level of competition when designing macro-

prudential tools such as liquidity or leverage ratios.
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3.A Appendix

Z-score Non-performing Lerner Wholesale Loan to assets Total Non-interest
loans index funding ratio assets income

Z-score 1
Non-performing loans -0.096 1
Lerner index 0.075 -0.048 1
Wholesale funding -0.062 0.060 0.046 1
Loan to assets ratio -0.034 -0.025 0.024 0.250 1
Total Assets 0 0.029 0.029 -0.007 -0.007 1
Non-interest income -0.036 0.092 0.314 0.077 0.007 0.035 1
Liquidity ratio 0.067 -0.078 -0.139 -0.415 -0.871 -0.013 -0.195

Notes: The correlation table for the main variables used in the analysis. The vari-
ables are demeaned in order to maintain consistency with the procedure of the
within estimator.
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Table 3.4: Regression results - Robustness

(1) (2) (3)
Z-score Z-score Z-score
Tercile 1 Tercile 2 Tercile 3

Lerner 1.750*** 1.933*** 2.369***
(0.213) (0.218) (0.225)

Wholesale -1.381*** -1.544*** -0.313
(0.395) (0.346) (0.289)

Lerner ×Wholesale 1.995* 2.350** -0.006
(1.082) (0.947) (0.827)

Loans to assets -1.030** -1.357*** -2.543***
(0.412) (0.400) (0.388)

Non-interest income -1.183*** -0.906*** -0.493***
(0.224) (0.220) (0.184)

ln Assets 1.640* 9.481*** 0.581***
(0.874) (1.586) (0.189)

Liquidity ratio -0.441 -0.682* -1.961***
(0.376) (0.374) (0.365)

ln Assets2 -0.076* -0.413*** -0.021***
(0.042) (0.070) (0.007)

Constant -4.353 -49.745*** 1.624
(4.560) (9.037) (1.327)

R-squared 0.049 0.075 0.149
N 37 333 39 664 38 498

Notes: The table shows the effects of market power (Lerner in-
dex) and wholesale funding ratio on the Z-score for three quar-
tiles of banks’ total assets. The estimates are obtained based on
the within estimator. I use one period lagged values of all regres-
sors. Bank fixed effects and time fixed effects (yearly dummies)
are included in all specifications. * p<0.1, ** p<0.05, *** p<0.01.
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Table 3.5: Regression results - Robustness

(1) (2) (3) (4)
Z-score Z-score Non-performing Non-performing

Loans Loans

Lerner 1.257*** 0.802*** -0.903*** -0.480***
(0.058) (0.098) (0.081) (0.139)

Wholesale -0.502*** -1.283*** 0.537*** 1.247***
(0.062) (0.149) (0.088) (0.209)

Lerner ×Wholesale 2.377*** -2.154***
(0.413) (0.574)

Loans to assets -2.119*** -2.108*** 1.165*** 1.147***
(0.181) (0.181) (0.249) (0.249)

Non-interest income -0.817*** -0.813*** -0.330*** -0.335***
(0.089) (0.089) (0.121) (0.121)

ln Assets 0.915*** 0.915*** -1.259*** -1.280***
(0.029) (0.034) (0.039) (0.039)

Liquidity ratio -1.505*** -1.491*** 0.303 0.281
(0.172) (0.172) (0.238) (0.238)

ln Assets2 -0.037*** -0.037*** 0.062*** 0.063***
(0.001) (0.002) (0.002) (0.002)

Constant 0.135*** 0.127*** 0.906*** 0.908***
(0.030) (0.030) (0.040) (0.040)

N 107 515 107 515 111 745 111 745

Notes: The table shows the effects of market power (Lerner index) and wholesale funding
ratio on two measures of bank stability. The estimates are obtained based on the within
estimator by allowing the residuals to follow an AR(2) process. Columns (1) and (2) report
the effects on the Z-score, and the last two columns the effects on non-performing loans.
Models (1) and (3) are baseline specifications without the interaction term. I use one period
lagged values of the independent variables. Bank fixed effects and time fixed effects (yearly
dummies) are included in all specifications. * p<0.1, ** p<0.05, *** p<0.01.
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Table 3.6: Regression results - Robustness

(1) (2) (3) (4)
Z-score Z-score Non-performing Non-performing

Loans Loans

Lerner 0.798*** 0.581*** -0.887*** -0.474***
(0.052) (0.086) (0.074) (0.127)

Wholesale -0.533*** -0.910*** 0.546*** 1.241***
(0.054) (0.132) (0.077) (0.179)

Lerner ×Wholesale 1.144*** -2.115***
(0.362) (0.506)

Loans to assets -1.655*** -1.645*** 1.243*** 1.224***
(0.151) (0.151) (0.217) (0.217)

Non-interest income -0.353*** -0.350*** -0.257** -0.262**
(0.077) (0.077) (0.107) (0.107)

ln Assets 0.423*** 0.425*** -0.514*** -0.516***
(0.073) (0.073) (0.102) (0.101)

Liquidity ratio -1.118*** -1.105*** 0.349* 0.324
(0.141) (0.141) (0.204) (0.204)

ln Assets2 -0.017*** -0.017*** 0.029*** 0.030***
(0.003) (0.003) (0.004) (0.004)

Z-score (-1) 0.421*** 0.421***
(0.003) (0.003)

Non-performing (-1) 0.348*** 0.348***
(0.004) (0.004)

Constant 1.139** 1.194** -1.797*** -1.913***
(0.465) (0.464) (0.676) (0.675)

R-squared 0.246 0.246 0.226 0.226
N 116 612 116 612 119 115 119 115

Notes: The table presents results for the dynamic model, where the first lag of the dependent
variable is included. The estimates are obtained based on the within estimator. Columns
(1) and (2) report the effects on the Z-score, and the last two columns the effects on non-
performing loans. Models (1) and (3) are baseline specifications without the interaction term.
I use one period lagged values of the regressors. Bank fixed effects and time fixed effects
(yearly dummies) are included in all specifications. I use robust standard errors in parenthe-
ses to correct for serial correlation and heteroskedasticity. * p<0.1, ** p<0.05, *** p<0.01.
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Table 3.7: Regression results - First Differences

(1) (2) (3) (4)
Z-score Z-score Non-performing Non-performing

loans loans

Lerner 0.908*** 0.753*** -0.030*** -0.023***
(0.051) (0.088) (0.002) (0.002)

Wholesale -0.301*** -0.575*** -0.005*** 0.008*
(0.071) (0.149) (0.001) (0.004)

Lerner ×Wholesale 0.843** -0.040***
(0.400) (0.012)

Loans to assets 0.305 0.312 0.044*** 0.044***
(0.224) (0.224) (0.006) (0.006)

Non-interest income -0.269*** -0.270*** 0.019*** 0.019***
(0.091) (0.091) (0.002) (0.002)

ln Assets 0.081 0.082 -0.019*** -0.019***
(0.197) (0.196) (0.003) (0.003)

Liquidity ratio -0.093 -0.086 0.050*** 0.050***
(0.209) (0.209) (0.006) (0.006)

ln Assets2 -0.006 -0.006 0.001*** 0.001***
(0.008) (0.008) (0.000) (0.000)

Constant 0.136*** 0.138*** -0.003*** -0.004***
(0.012) (0.013) (0.000) (0.000)

R-squared 0.034 0.034 0.051 0.051
N 112614 112614 127053 127053

Notes: The models are estimated in first differences. The table shows the effects of changes
in the Lerner index and wholesale funding ratio on the Z-score and non-performing loans.
Time fixed effects (yearly dummies) are included in all specifications. I use robust standard
errors in parentheses to correct for serial correlation and heteroscedasticity. * p<0.1, ** p<0.05,
*** p<0.01.
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Table 3.8: Robustness: IV estimation

(1) (2)
Z-score Non-performing loans

Lerner 3.995*** -0.375
(0.567) (0.507)

Wholesale -0.825 4.887***
(0.676) (0.754)

Lerner ×Wholesale -0.258 -13.429***
(2.023) (2.276)

Loans to assets 1.509*** -2.824***
(0.089) (0.114)

Non-interest income -1.296*** -0.198*
(0.126) (0.115)

ln Assets 0.573*** 0.393***
(0.073) (0.035)

Liquidity ratio 2.199*** -3.478***
(0.075) (0.096)

ln Assets2 -0.026*** -0.009***
(0.003) (0.001)

R-squared 0.056 0.047
N 117967 122772

Underid test (p-val) 0.00 0.00
Overid test (p-val) 0.53 0.00
F-stat (p-val) 0.00 0.00

Notes: I use one period lagged values of all the regres-
sors. Country fixed effects are included in all models. We
use robust standard errors in parentheses to correct for se-
rial correlation and heteroscedasticity. Standard deviations
are shown in brackets. Overid test reports the p-value of
Hansen J statistic. Underid reports the p-value of Kleiber-
gen and Paap rk statistic. The excluded instruments are
the loan ratio, non-interest income and liquidity ratio (de-
meaned) and interacted with the first-stage residuals. F-stat
reports the Sanderson-Windmeijer F-statistic of excluded in-
struments. * p<0.1, ** p<0.05, *** p<0.01.
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Chapter 4

Mortgage default rates and
macroprudential policy

A budget tells us what we can’t afford, but it doesn’t keep us

from buying it.

William Feather

4.1 Introduction

The Global Financial Crisis has highlighted the devastating effects that

fragilities in the residential mortgage market may have on the financial sys-

tem at large. The initial shock of an increase in mortgage arrears (due to a de-

cline in house prices) in the US and some European countries was the trigger

for a liquidity crisis that ultimately turned into a full-blown financial crisis.

Despite a significant contraction of the sector in the aftermath of the crisis,

mortgage lending still accounts for a substantial share of both households’

debt and banks’ assets.1 Yet, there are important differences in the depth

of mortgage markets across countries. Likewise, incidence of mortgage ar-

rears differs considerably across countries, as well as over time in individual

*This chapter is joint work with Jakob de Haan and Razvan Vlahu
1 Cerrutti et al. (2017) report that the median share of mortgages in total household debt

in a sample of 53 countries was about 70% in 2011.
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countries. A better understanding of the factors that explain cross-country

and within-country differences in mortgage delinquency is of importance

for policymakers for at least two reasons. First, mortgage defaults dilute the

fundamentals of financial institutions and amplify disruptions in financial

markets. Second, mortgage defaults reduce households’ creditworthiness,

thereby making it more difficult to access future financing. This may in-

crease consumption volatility, both at the household and aggregate level,

with potential repercussions for the real economy.

This paper employs a newly constructed dataset and examines the in-

cidence of mortgage arrears in a large sample of countries. To this end,

we explore the role played by various factors in explaining cross-country

and within-country differences in delinquency rates. These factors can

be grouped into four main categories: macroeconomic variables, macro-

prudential regulatory variables, institutional factors, and housing market

characteristics. Previous studies on mortgage defaults have investigated

only subsets of these factors. We complement this literature and provide

a more comprehensive view of variables associated with mortgage defaults,

as well as various interactions between different predictors of defaults.2

Our paper makes four contributions. First, we provide a unique com-

parative dataset on mortgage arrears at the macro level for a reasonably

large number of countries over 2000-2014, which allows us to analyze cross-

country and within-country differences in mortgage defaults. Although

several previous papers have analyzed the determinants of mortgage de-

faults at the country level (see, e.g. Demyanyk et al., 2010; Blanco and Gi-

meno, 2012; Aron and Muellbauer, 2016), there are no comprehensive cross-

country databases at the macro level. Our database contains more countries

2Throughout the paper we use terms "arrears", "delinquency" and "default" interchange-
ably, referring to past due payment obligations.
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and covers a longer time period than those used in previous studies. A care-

ful study of aggregate data is pertinent given the paucity of micro data on

mortgage defaults in many countries.3

Second, our paper is among the first to examine the extent to which

macro-prudential policies are related to mortgage defaults. Recently, macro-

prudential policies have become much more important in most countries,

as the financial crisis showed that micro-prudential supervision needs to be

complemented by macro-prudential policies to maintain financial stability.

Several papers have examined the impact of such policies on credit growth

and housing prices. For instance, Akinci and Olmstead-Rumsey (2017) ar-

gue that macro-prudential tightening is associated with lower bank and

housing credit growth, as well as with house price inflation, but they do

not examine the impact of macro-prudential policies on mortgage defaults.4

Two previous studies come closer to this part of our work (see, e.g. Gerlach-

Kristen and Lyons, 2015; Wong et al., 2011), however these studies mainly

focus on one single instrument aimed at borrowers’ leverage, namely loan

to value (LTV) ratios. We consider several other housing-targeted macro-

prudential instruments which are aggregated in comprehensive indexes that

capture changes in the intensity of their usage.

Third, we examine to what extent several institutional factors, that are

often associated with the cost of default and efficiency of the judicial sys-

tem, may explain cross-country differences in mortgage default rates. Only

few studies that we are aware of do something similar. For example, Jap-

pelli et al. (2010) and Duygan-Bump and Grant (2009) argue that institu-

tional factors may foster household credit but also relate with insolvencies.

3Wong et al. (2011) use data for 13 countries over the period 1991-2010, while Jappelli
et al. (2010) employ data for 11 European Union member states over the period 1994-2001.

4Other relevant studies on the effects of macro-prudential policies include Kuttner and
Shim (2013), Zhang and Zoli (2016), and Cerrutti et al. (2017).
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These studies report that institutional arrangements affect the sensitivity of

insolvencies to household debt. We complement these studies and show that

better institutions are associated with lower defaults.

Finally, we examine conditioning effects and show how the relationship

between macro-prudential policies and mortgage defaults is conditioned by

institutional arrangements. To this end we provide evidence that the effect

of macro-prudential policies is enhanced by institutional quality: lower de-

fault rates are strongly associated with restrictive macro-prudential policies

in the presence of better institutions. In addition, we find that certain char-

acteristics of the mortgage market such as loan maturity, the loans’ interest

rate type, and the tax deductibility of interest payments are associated with

mortgage defaults in the presence of restrictive macro-prudential policies.

Apart from house prices, which have been considered in several previous

studies, these other housing market variables have received hardly any at-

tention in the literature.

The chapter is structured as follows. Section 2 provides a literature re-

view identifying potential drivers of mortgage defaults. Section 3 describes

the data sources and presents stylized facts. Section 4 presents the method-

ology and results, while Section 5 offers several robustness tests. Section 6

concludes.

4.2 What drives mortgage defaults?

The theoretical literature suggests two main drivers of mortgage arrears:

ability-to-pay and strategic default (Whitley et al., 2004). According to the

ability-to-pay theory, individuals default involuntarily when they are un-

able to meet current payments. The strategic default theory holds that

households choose to default voluntarily after a rational analysis of all fu-

ture costs and benefits associated with continuing or not to meet the obliga-
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tions of the mortgage. A borrower may strategically default if its gains ex-

ceed the perceived costs of the expected sanctions, including access to future

finance and its price. For instance, in the models of Kocherlakota (1996), Ke-

hoe and Levine (2001) and Chatterjee et al. (2007) households compare the

costs of default with the benefits from reneging on their debts and default if

it is advantageous to do so.

If a household faces affordability problems - which may be caused by

a drop in income (e.g. due to unemployment), higher mortgage payments

(e.g. due to higher interest rates), or a decline in house prices (leading to

negative equity) - strategic default may be an option. As pointed out by Jap-

pelli et al. (2010), these costs not only depend on the lenders’ willingness to

inflict sanctions, but on the entire set of institutional arrangements govern-

ing the credit market, such as the rule of law, creditor rights and bankruptcy

laws as these regulations affect the cost of default.

Therefore, both theories suggest that macroeconomic factors such as

higher house prices, interest rates and unemployment are likely to influ-

ence mortgage defaults.5 In this paper we do not intend to provide empir-

ical evidence for any of the aforementioned theories of mortgage default,

nor to distinguish between various factors that have been associated with

one particular type of default. Instead, we use insights from these theories

to identify potential determinants of mortgage repayment to be considered

for our empirical investigation.

Duygan-Bump and Grant (2009) examine household debt arrears in dif-

ferent European countries for the 1994-2001 period. They find that the ex-

tent to which adverse shocks matter crucially depends on the punishment

associated with default, as measured by the World Bank’s "Doing Business"

5Several previous studies focusing on mortgage defaults at the country level suggest the
importance of these variables (Whitley et al., 2004; Elul et al., 2010; Demyanyk et al., 2010;
Magri and Pico, 2011; Blanco and Gimeno, 2012; Aron and Muellbauer, 2016).
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measures of institutions in different countries. Consistent with this view,

there is evidence showing that borrowers who have experienced a small fi-

nancial shock are more likely to default on mortgage debt than other forms

of debt. Another factor that plays a role in explaining the variation of mort-

gage defaults is given by recourse legislation (Duygan-Bump and Grant,

2009). A recourse loan is a type of loan that allows the lender to have rights

over pledged collateral in the event of default on the debt. If the price of the

property is less than the value of the mortgage (i.e. a household has negative

equity), default is less attractive under recourse legislation as the household

in that case remains responsible for the negative equity.

Aside institutional factors, housing market characteristics are likely to

play an important role for the incidence of mortgage defaults. The specific

features of the mortgage market are related to the type of loans (fixed vs.

flexible interest rate), average mortgage maturity, or housing taxes. A fixed

interest rate might be associated with lower defaults as it provides an in-

surance to borrowers against fluctuations in interest rates, and therefore

mitigates negative shocks to the ability to pay. Similarly, the average loan

maturity influences the ability to pay as it determines the size of the peri-

odic instalments. Lastly, taxes also have a direct impact as the deductibility

of interest payments may lead to an increase in household leverage. While

some countries give preferential treatment to mortgages, as part of broader

government intervention to encourage home-ownership, in other countries

such favourable tax treatment is more limited or even non-existing.

Three different types of studies on the drivers of mortgage default can

be discerned in the literature, namely investigations on individual countries,

cross-section or panel analysis. These studies consider different dimensions

of the variability of mortgage defaults. Several studies examine the devel-

opment of mortgage defaults over time in individual countries, either using
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macro or micro level data (see, e.g. Aristei and Gallo, 2012; Gerlach-Kristen

and Lyons, 2015; Aron and Muellbauer, 2016). A major advantage of indi-

vidual country studies is that time series data that refer to the same country

are obviously immune from the problem of international data comparabil-

ity (Jappelli et al., 2010). A major disadvantage of this type of analysis is

that several potential drivers of mortgage defaults discussed above cannot

be considered.

Cross-country regressions can account for some of these variables. A

good example is the study by Jappelli et al. (2010) who use cross-country

regressions for 45 countries to show that the size of the household credit

market is associated with institutional variables like enforcement of creditor

rights and information sharing arrangements. Some papers employ micro

databases, which allow for individual lender characteristics to be consid-

ered (see, e.g. Diaz-Serrano, 2004; Duygan-Bump and Grant, 2009; Gerlach-

Kristen and Lyons, 2015). However, the number of countries in this type of

analysis is generally restricted due to paucity of micro data, therefore there

is limited variability in the other potential drivers of mortgage defaults.

An alternative is using panel data at the macro level. This is done in the

papers by Wong et al. (2011) and Jappelli et al. (2010), who conclude that in-

stitutional arrangements affect the sensitivity of insolvencies to household

debt, as well as their sensitivity to economic shocks. The shortcoming of

panel studies is that individual borrower characteristics can not be consid-

ered. However, a panel setup allows to explore both within-country and

cross-country heterogeneity in mortgage defaults. Our panel indicates that

there is substantial heterogeneity in mortgage defaults across both dimen-

sions and allows to explore the association between mortgage arrears and a

wide range of variables.
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4.3 Data

This section describes our newly constructed database for mortgage defaults

as well as the various data sources from which information on the macroeco-

nomic variables, macro-prudential tools, institutional arrangements, as well

as mortgage market characteristics has been obtained. We present summary

statistics as well as graphs that depict the relationships between these vari-

ables and mortgage default rates, which we later explore in the panel regres-

sion models.

4.3.1 Mortgage defaults

We collected information about mortgage defaults in 27 countries covering

the period 2000-2014. Since data on actual defaults is not available for most

countries in our sample, we use the ratio of total value of mortgage arrears

(over 3 months past due) to total value of outstanding mortgage loans as a

proxy for mortgage defaults (Duygan-Bump and Grant, 2009). This data is

collected from the respective central banks or from mortgage market super-

vision authorities. We use the average of monthly or quarterly default rates

where annual information is not available. The dataset includes mainly Eu-

ropean countries, as well as the US and a couple of Asian countries. The

selection of countries is done based on data availability.

As shown in the first row of Table 4.1 there is significant variability in

annual default rates both across countries and within countries, which mo-

tivates the use of a panel-based approach. The ratio ranges from 1% to 28.6%

per annum with a mean of 3.1%. As Table 4.12 in the Appendix shows, there

is substantial variation within countries, for example, Mexico from around

3% to a maximum of 18.5%, or Hungary from around 3% to a maximum of

14%.
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Table 4.1: Summary statistics

Variable Obs Mean Std. Dev. Min Max

Mortgage Defaults 297 3.13 4.20 0.01 28.60
Between variation 3.42 0.08 12.43
Within variation 2.75 -5.9 19.30

Macroeconomic drivers
Unemployment 405 7.46 4.33 0.70 27.20
Interest spread 306 1.56 2.97 -8.50 35.47
House prices (%) 321 4.35 8.22 -18.74 31.15

Macro-prudential policy
LTV ratio 405 0.06 0.41 -1 2
Prudential index MPI 405 0.24 0.81 -2 5
Prudential index MPI2 405 0.67 2.85 -6 11

Mortgage market
Average Maturity 15 24 8.31 7 40
Recourse (0/1) 25 0.76 0.43 0 1
Interest type (0/1) 27 0.15 0.36 0 1
Funding type (0/1) 25 0.64 0.48 0 1
Tax deductability 27 0.63 0.48 0 1

Institutional quality
Physical Property 27 6.41 0.88 5.10 8.10
Investor Protection 27 6.40 1.51 4.30 9.30
Rule of Law 25 0.70 0.11 0.47 0.87
Creditor Rights 27 1.85 1.11 0 4
Legal Rights 25 6.92 2.33 3 10
Institutional index (IQ) 24 0 1.72 -2.76 3.08

This table shows summary statistics for the variables used in the analysis. MPI is
the macroprudential index from Akinci and Olmstead-Rumsey (2017) and is de-
fined as the sum of housing targeted macroprudential measures. Each measure
takes the the value of 1 when credit growth is restricted, the value -1 when the
macroprudential stance is relaxed and the value 0 when no action takes place. MPI
2 is the macroprudential index from Cerrutti et al. (2017) and it is a sum of both
housing and non-housing macroprudential instruments. The institutional index IQ
is constructed based on the principal component analysis of the five institutional
indicators.
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We notice in Figure 4.1 that the average mortgage defaults over the sam-

ple period differ sharply across countries as well, ranging from below 1%

in Austria, Canada, Denmark, and the Netherlands, among others, to above

6% in Hungary, Ireland and Greece.

Figure 4.1: Mortgage defaults by country
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Notes: The figure plots average mortgage defaults ratios (%) by country in the
period 2000-2014.

4.3.2 Macroeconomic drivers

We control for macroeconomic conditions using three macroeconomic vari-

ables: unemployment, house prices and interest rates. Previous studies have

documented these variables as drivers of mortgage default. Data on un-

employment comes from the World Development Indicators (World Bank)

database. Data on house prices are from the Bank of International Settle-

ments and the European Mortgage Federation. As a proxy for the interest
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rate we use the spread between the government long-term bond yield and

the rate of treasury bills (Wong et al., 2011). The sources for these variables

are the IMF’s International Financial Statistics and FRED Economic Data (St.

Louis Fed).

Figure 4.2: Macroeconomic variables
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(b) Interest spread
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(c) Unemployment

6
7

8
9

1
2

3
4

5
M

or
tg

ag
e 

de
fa

ul
ts

 (l
n)

2000 2005 2010 2015
Year

Mortgage defaults Unemployment

Notes: The figure plots the evolution over time of the average mortgage default
rates together with the three macroeconomic indicators that are used as controls
in the regression analysis. The series are obtained by averaging the respective
variables across countries for each year in the sample.

As shown in Figures 4.2, there is a strong correlation between the cross-

country averages of the macro variables and average mortgage default rates.

In our sample, house prices seem to be negatively correlated with mortgage
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defaults, especially over the period 2000-2007 (panel a). On the contrary,

there is a positive relationship between interest rate spreads and mortgage

defaults (panel b), as well as between unemployment and annual default

rates (panel c).

4.3.3 Macro-prudential policy

The presence of macro-prudential instruments that target the housing mar-

ket, are likely to be related not only to cross-country, but also to within coun-

try differences in default rates. For the purpose of our study we take in-

formation on macro-prudential policy from Akinci and Olmstead-Rumsey

(2017) and Cerrutti et al. (2017).

The macro-prudential index compiled by Akinci and Olmstead-Rumsey

(2017) (MPI, hereafter) takes four instruments into account that target the

housing sector (i.e., loan-to-value cap, debt service-to-income cap, capital

and provisioning requirements). For this reason, we choose the MPI to be

the main proxy for macro-prudential policy in our study. The index is con-

structed as follows: for each instrument a monthly value of 1 is assigned if

the measure is introduced or tightened in the respective month. If the macro-

prudential instrument is loosened, a monthly value of -1 is assigned. If there

is no action taken with respect to that instrument, a value of 0 is recorded.

The individual monthly indexes are aggregated to the quarterly level and

the final index sums over the four instruments within each quarter.

To explore a more comprehensive set of macro-prudential measures de-

signed for both the real estate and the non-real estate sector, we use the

database of Cerrutti et al. (2017) which provides an index (MPI 2, here-

after) that aggregates over five instruments (capital buffers, interbank ex-

posure limits, concentration limits, loan to value ratio limits, and reserve re-

quirements). For both macro-prudential instruments, a larger positive value
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suggests a tightening process. Furthermore, since the data shows that LTV

caps are the most commonly used instrument, we collect information about

changes in regulatory LTV ratios for all countries in our sample (Cerrutti

et al., 2017).

To illustrate the relationship between the intensity in the usage of macro-

prudential tools and the incidence of mortgage defaults, we plot the average

defaults rates across countries as a function of macro-prudential index com-

piled by Akinci and Olmstead-Rumsey (2017). As shown in Figure 4.3, the

impact of macro-prudential policy on mortgage defaults is large: a higher

value of the MPI index (i.e., a more restrictive the lending environment), is

related to a lower average level of mortgage defaults.

Figure 4.3: Average mortgage defaults
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Notes: The figure plots the average mortgage default rates
when the macroprudential index (MPI) is below its panel
based median and respectively above its median.

In Figure 4.4 we notice the average evolution across countries of the

two prudential instruments over time. Both indexes show that the usage of
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macro-prudential tools increased after the financial crisis as most countries

tightened the regulations for the mortgage market.

Figure 4.4: Macroprudential indices
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Notes: Panel (a) plots the evolution of the average MPI across all countries in the
dataset while panel (b) shows the the evolution of the average MPI2.

In Figure 4.5 we notice the evolution of the MPI for Canada and UK,

where the intensity of prudential policy increased significantly immediately

after the crisis. However, in Figure 4.10 we also observe a large difference

among the usage of macro-prudential tools across countries. Most of the

European countries implemented just a few changes over the sample period,

while Asian countries had a more active macro-prudential policy, especially

based on the LTV ratio changes. Even though most countries implemented

at least a few changes, there are also cases where only one policy change

took place such as in France or no prudential policy is in place such as in the

US.

4.3.4 Institutional quality

To capture cross-country differences in institutional and legal frameworks

we compile an index of institutional quality (IQ, hereafter). The index is
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Figure 4.5: Macroprudential index (MPI)
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Notes: The graphs plot the implemented prudential changes over the period
2000-2014 for Canada and UK.

based on five selected indicators of institutional quality which capture ju-

dicial efficiency, bankruptcy regulation and property protection. Our IQ in-

dex is the first principal component of these indicators. The first institu-

tional variable we consider is the strength of the Legal Rights index from

the World Bank’s Doing Business database. The index measures the degree

to which collateral and bankruptcy laws protect the rights of borrowers and

lenders thereby facilitating lending. The index ranges from 0 to 12, with

higher scores indicating that these laws better enable access to credit. The

second measure we use is the Rule of Law index, which provides a com-

prehensive description of the extent to which countries adhere to the rule of

law in practice. This index ranges from 0 to 1, where 1 signifies the highest

score.

Finally, we collect data on three different proxies for the protection of

property. We use an index for the protection of Physical Property from the

International property rights index (the index takes values ranging from 0 to

1, where 1 signifies the highest score), an index for Investor Protection from
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the World Bank’s Doing Business database (the index ranges from 0 to 10,

where 10 signifies the highest score), and an index that measures the Cred-

itors Rights against defaulting borrowers (ranging from 0 = poor creditor

rights to 4 = strong rights; source: Djankov et al. (2007)).

In constructing our institutional quality index (see Methodology section

4.4.2 for details about the principal component analysis) we retain only the

first component which explains 61.3% of the total variation of the institu-

tional variables. The loadings of each of the five variables on the first com-

ponent are balanced, with Legal Rights and Physical Property having the

highest loadings (49.1% and 49.8%, respectively), followed by Investor Pro-

tection (42.8%), Rule of Law (41%) and Creditor Rights (39.7%). Table 4.13

in the Appendix provides an overview of the institutional quality variables

at the country level.

Figure 4.6 illustrates the relationship between the index for institutional

quality and the incidence of mortgage defaults (panel a). We distinguish

between countries with high vs. low institutional quality and plot the aver-

age defaults rates before and after the financial crisis. The outcome shows

the importance of institutional arrangements in reducing the magnitude of

defaults, both before and after the financial crisis: the higher the quality of

institutions, the lower the mortgage defaults ratio. Furthermore, we notice

in Figure 4.6 that the effects of macro-prudential policies and institutional

quality on mortgage defaults are mutually reinforcing. We distinguish be-

tween countries with high vs. low MPI and for each category we plot the

average defaults rates across countries as a function of the institutional qual-

ity. The beneficial effect of the MPI on defaults becomes stronger in countries

with better institutions.
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Figure 4.6: Average mortgage defaults
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(b) Institutional Quality and MPI
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Notes: Panel (a) plots the average mortgage default
rates when the IQ is below its panel based median and
respectively above its median. Panel (b) shows how the
average mortgage default rates vary depending on both
institutional quality and macro-prudential intensity.
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4.3.5 Mortgage market

We collected data on various mortgage market characteristics for the coun-

tries in our sample. Data on the predominant loan type (fixed vs. variable

mortgage rate), average maturity (years), bank funding type (retail vs. other

sources such as covered bonds or securitization), and degree of lender re-

course (full recourse vs. no recourse) comes from Cerutti et al. (2015) and

the European Mortgage Federation (Hypostat report). Data on real estate

tax comes from the International Bureau of Fiscal Documentation (Tax re-

search platform). Data on tax deductibility of interest payments come from

Cerutti et al. (2015) and the International Bureau of Fiscal Documentation.

Table 4.14 reports sample statistics for these characteristics. The average

maturity of mortgage loans ranges from 7 to 40 years, with a mean of 24

years. In most of the countries in our sample a full recourse procedure is

in place. There are important differences with respect to the importance of

fixed-interest vs. variable-rate mortgages: the latter category (which consists

of both variable-rate mortgages and a mix of fixed and variable-rate mort-

gages) seems to be present in a larger number of countries.

Figure 4.7 illustrates in panel (a) how average mortgage default rates

vary according to different terciles of the maturity distribution. A longer ma-

turity is, on average, associated with lower mortgage default rates. This may

be caused by an increase in the periodic payments affordability. However,

this effect corresponds to very long maturities (i.e., the third tercile). This

indicates that maturity is only associated with lower defaults if it is substan-

tially longer than 24 years, the average maturity in our sample. Likewise, av-

erage default rates across countries are lower when fixed-interest-rate loans

are the dominant type of mortgage contracts, as it insulates borrowers from

the negative effect of volatile interest rates (Figure 4.7 b).
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Figure 4.7: Average mortgage defaults

(a) by average maturity
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(b) by interest rate type
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Notes: Panel (a) plots the average mortgage default rates over the terciles of the
distribution of average maturity and Panel (b) over fixed vs. variable interest rates.

Loan characteristics amplify the beneficial effect of restrictive macro-

prudential policies. A higher MPI is associated with lower average defaults

and the effect is stronger for longer maturities and fixed-interest-rate loans

(Figure 4.8).
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Figure 4.8: Average mortgage defaults

(a) Average Maturity and MPI
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(b) Interest type and MPI
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Notes: Panel (a) plots the average mortgage default rates for maturity quantiles
when the MPI is below or above its panel median. Panel (b) plots the average mort-
gage default rates for the two types of interest rates when the MPI is below or above
its panel median.

Finally, in Table 4.16 we present the correlations between the variables

used in our analysis. We notice in column (1) that the correlation between

the explanatory variables and the mortgage default rates have the expected
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sign. The highest correlations are for the house price changes (-0.33), un-

employment (0.39) and the institutional index quality (-0.47). Furthermore,

there is a negative correlation between the default rates and the macro-

prudential index as well as negative correlations for average maturity, re-

course, loan type and funding type. This indicates that a longer maturity, a

fixed interest rate and retail funding are associated with lower default rates.

We also notice a high correlation between the macro-prudential index MPI

and the LTV ratio, which suggests that the index is driven to a large extent

by this macro-prudential tool.

4.4 Methodology

4.4.1 Empirical model

In this section we use our unique panel dataset on mortgage defaults to

analyze the determinants of mortgage defaults. We start the analysis by fo-

cusing on macroeconomic variables such as unemployment, house prices

and interest rates and afterwards expand it by including a new category of

the proposed drivers. The first extension consists of macro-prudential poli-

cies, which we later interact with the institutional index. The last extension

is related to the mortgage market characteristics. We employ the within esti-

mator whenever the model includes only time-varying variables and switch

to random effects whenever we investigate non-time varying variables. We

first assess the effects of various macro-prudential measures, while control-

ling for macroeconomic variables. The baseline model is:

ln(Mit) = α + βMPit−1 + γ
′Zit−1 + µi + τt + εit, (4.1)

where the indices i and t stand for country and time, ln(Mit) is the loga-

rithm of mortgage defaults rate, MP is a macro-prudential measure, Z is

a vector of macroeconomic controls such as unemployment, house price
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changes, the interest rate spread (long term bond rate minus the short rate)

and εit is an error term assumed to be normally distributed. The macro-

prudential measure MP is either an overall macro-prudential index or a

specific measure such as the loan-to-value ratio (LTV). We employ the loga-

rithm of the dependent variable as the distribution of mortgage default rates

is skewed.

We assume a one period lag for all regressors since we expect that

changes in macro-prudential policies or negative macroeconomic shocks

(such as an increase in unemployment) materialize with a delay. The model

includes country fixed effects µi to control for unobserved time-invariant

differences across countries that might affect mortgage defaults and time

fixed effects τt to control for common time trends. The model is estimated

based on the OLS within estimator (OLS-FE) and we employ robust stan-

dard errors to account for hetereoscedasticity and autocorrelation in the

residuals.

We extend the baseline model by including other factors or interaction

terms which we hypothesize to be associated with mortgage defaults. In

the first extension presented in Equation 4.2, we explore the role of institu-

tional quality and test whether it is significantly associated with a reduction

in mortgage default rates. Since our proxies for institutional quality are not

time-varying, we employ random effects to estimate the effect of institu-

tional quality. We first estimate the impact of each institutional variable on

the mortgage default rate and thereafter we build an institutional quality

index based on the principal component analysis of the relevant factors.

ln(Mit) = α + βMPit−1 + γ′Zit−1 + δIQi + τt + εit, (4.2)

Next, the institutional quality index (IQ) based on the first principal

component analysis of five institutional factors is interacted with macro-
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prudential policy to assess whether the effects of these policies on mortgage

defaults vary with the quality of institutions. We use a similar specifica-

tion to test interactions between the macro-prudential indexes and mort-

gage market variables. In that case, IQi in the equation below is replaced by

variables such as average loan maturity, interest rate type, and tax deduc-

tion. Since the interaction term is time-varying, we estimate the model 4.3

with the OLS-FE estimator.

ln(Mit) = α + βMPit−1 + γ′Zit−1 + θMPit−1 IQi + µi + τt + εit, (4.3)

One important limitation of the analysis is that we can not capture

causality between variables due to potential endogeneity. Simultaneity is

likely to be an issue between certain variables such as house prices or macro-

prudential policies and mortgage default rates since policy changes might

be implemented in expectation to an increase in mortgage arrears. We there-

fore estimate a reduced form model and attempt to deal with this issue in the

robustness section by employing an instrumental variable approach based

on 2SLS-FE or the LIML estimator. Moreover, we can derive the direction

of the potential bias. Since the estimated coefficient on the MPI is negative

and the bias would be positive (because the MPI increases in response to

higher mortgage defaults), macro-prudential policies may have a stronger

negative impact on mortgage defaults than suggested by our estimates. As

a consequence, the estimates indicate a lower bound of the effects of macro-

prudential polices on mortgage defaults. We discuss further concerns with

the estimation methodology in the robustness section.

4.4.2 Institutional index

The institutional index is based on five selected indicators of institutional

quality, which are aggregated via principal factor analysis to build a single
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index of institutional quality (IQ) that accounts for most variation in the

set of five institutional variables. The selection is based on the results of

the model, which indicate the relevancy of these factors for the mortgage

default rates. Table 4.2 reports the correlations between these institutional

variables and Table 4.3 illustrates the eigenvalues for each of the five

identified components. The correlations among the selected institutional

variables are positive and vary from 0.38 to 0.69, which indicates that they

are suitable for principal component analysis.

Table 4.2: Correlation institutional variables

Legal Physical Investor Creditor Rule
Rights Property Protection Rights Law

Legal Rights 1
Physical Property 0.67 1
Investor Protection 0.57 0.69 1
Creditor Rights 0.52 0.42 0.38 1
Rule of Law 0.55 0.57 0.24 0.46 1

Table 4.3: Component Eigenvalues

Eigenvalue Difference Proportion Cumulative

Comp1 3.06 2.26 0.61 0.61
Comp2 0.79 0.20 0.15 0.77
Comp3 0.59 0.25 0.11 0.89
Comp4 0.34 0.13 0.06 0.95
Comp5 0.20 0.04 1

The proportion indicates the relative weight of each factor in the total

variance. The first component explains 61.3% of the total variance and com-

ponents 1 and 2 account for 77% of the total variance. Following Kaiser’s cri-

terion, we retain only the first component since it has an eigenvalue substan-
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tially higher than 1 and this component is our institutional quality index.

Table 4.4 presents the loadings of each institutional variable on the first re-

tained component. Factor loadings are the weights and correlations between

each variable and the factor. The higher the load, the more relevant in defin-

ing the factor’s dimensionality. A negative value indicates an inverse impact

on the factor. We notice that the loadings of each of the variables on the first

component are positive and have similar magnitudes balanced, with Legal

Rights and Physical Property having the highest loadings. Finally, the last

column in Table 4.4 summarizes the Kaiser-Meyer-Olkin (KMO) measure

for sampling adequacy by comparing correlations and partial correlations

between variables. The measure has a value of 0.7, which indicates a good

sampling adequacy and that a low-dimensional representation of the data

is possible.

Table 4.4: Institutional quality loadings and KMO

Variable Loadings Unexplained KMO

Legal Rights 0.49 0.25 0.84
Physical Property 0.49 0.23 0.71
Investor Protection 0.42 0.43 0.65
Creditor Rights 0.39 0.51 0.84
Rule of Law 0.41 0.48 0.66

Overall KMO 0.73

4.5 Results

Table 4.5 presents the results of fixed-effects estimations for the model

including three macro-economic variables and several proxies for macro-

prudential policies. In line with the results of previous studies, our findings

suggest that higher unemployment is significantly associated with an in-
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crease in mortgage defaults, while higher house prices have a strong nega-

tive association with defaults. We can notice the relationship between house

price changes and mortgage defaults in Figure 4.9. From a theoretical per-

spective, defaults are more likely when house prices decline because the

ability to finance consumption out of housing wealth declines, or negative

equity may create incentives for strategic default.

Figure 4.9: Mortgage defaults and house prices
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Notes: The figure plots the relationship between mortgage
default rates and house price changes.

In column (2) the index of macro-prudential policy of Akinci and

Olmstead-Rumsey (2017) (MPI) is added as explanatory variable. Our ex-

pectation is that defaults are less likely if macro-prudential policy is tight-

ened (i.e., the index goes up). The coefficient on our first proxy for macro-

prudential policy is negative and significant at the ten percent level. The

results indicate that a one standard deviation increase in the MPI is asso-

ciated with a reduction of about 14.5% in the mortgage defaults ratio. As

an alternative we employ a macro-prudential index (aggregate of 9 instru-
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ments that capture changes in the intensity in the usage of prudential tools

designed for both real estate and non-real estate sector) from the updated

database of Cerrutti et al. (2017).

As the results in column (3) show, the coefficient on this proxy for macro-

prudential policy is significantly negative and a one standard deviation in-

crease in this index is associated with a decrease in the mortgage defaults ra-

tio of 6.3%. This broader index captures the effects of cumulative changes in

prudential regulations on banking activities (i.e., housing and non-housing

activities) at a given point in time. Thus, this significant association between

the index and mortgage defaults is suggestive for the long-term impact of

prudential regulations.

Finally, the results for our proxy for changes in the regulatory LTV ratios

presented in column (4) suggest that the relationship between this particular

instrument and mortgage defaults is significant. The magnitude of the effect

is large and indicates that the LTV ratio has a strong association with mort-

gage defaults. This result is in line with the findings of Wong et al. (2011)

which highlight the importance of LTV caps in reducing the responsiveness

of mortgage default risk to volatility in property prices.

A raise in our LTV ratio variable implies that the LTV cap goes down

and therefore the regulatory policy with respect to the LTV ratio tightens.

Our results suggest that a one standard deviation increase in the LTV ratio

is associated with a reduction in mortgage default rates of approximately

75%. This indicates that policies which target LTV cap are among the most

efficient in reducing the average mortgage default rates. However, this large

effect can be due to the fact that LTV caps had the highest intensity of usage

throughout our sample, while the other macro-prudential measures were

scarcely modified.

The coefficient of the interest rate spread is positive, however it is often
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not statistically significant. The results suggest that it may take time for fi-

nancial constraints to materialize in affordability problems, since an increase

in the interest rate spread does not have an immediate impact on mortgage

delinquencies. Jappelli et al. (2010) report similar results for the interest rate

variable.

Table 4.5: Macroprudential policy and mortgage defaults

(1) (2) (3) (4)

Unemployment 0.062** 0.057** 0.034 0.059**
(0.027) (0.026) (0.027) (0.027)

House prices (%) -0.029*** -0.029*** -0.031*** -0.030***
(0.008) (0.008) (0.007) (0.008)

IR spread 0.013 0.009 0.015* 0.012
(0.009) (0.009) (0.008) (0.009)

MPI -0.118*
(0.059)

MPI 2 -0.178***
(0.056)

LTV -0.303**
(0.117)

R-squared 0.269 0.321 0.260 0.311
N 220 220 220 220
Model FE FE FE FE

Notes: The dependent variable is mortgage default rates and it is expressed
in logarithm. We use one period lagged values of all the regressors. Country
fixed effects and time fixed effects (yearly dummies) are included in all spec-
ifications. We use robust standard errors in parentheses to correct for serial
correlation and heteroskedasticity. Standard deviations are shown in brackets
* p<0.1, ** p<0.05, *** p<0.01.

Given that the MPI is better suited for analyzing cross-country hetero-

geneity in the usage of prudential tools (including LTV caps) since it is

targeted to the housing sector, for the reminder of the analysis we use the

MPI as our main proxy for macro-prudential regulation. We therefore keep

model (2) of Table 4.5 as our baseline specification and extend it with the
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other proposed determinants of mortgage defaults. The first extension con-

sists of several time-invariant institutional quality variables.

Table 4.6 shows the random effects (RE) estimation results if we add sev-

eral institutional variables. We expect that better institutional quality is asso-

ciated with a lower level of mortgage defaults, since high judicial efficiency

makes it easier for banks to enforce their rights. We consider several prox-

ies for institutional quality. In column (1) we add the legal rights index. The

results suggest that better legal rights have a negative and significant asso-

ciation with mortgage defaults. As shown in column (2), also a higher score

on the rule of law index is also associated with fewer defaults.

Furthermore, Columns (3)-(5) show the estimates for three variables

which proxy protection of property. In all cases, our results suggest that bet-

ter protection of property rights is associated with a lower level of mortgage

arrears since the signs of all three coefficients are negative. We notice that

the variables for investor protection and creditor rights are not statistically

significant. However, we still include these two variables in our index for

institutional quality constructed based on principal component analysis.

Finally, column (6) in Table 4.6 shows the results for our institutional

quality index (IQ), which is the first principal component of the five vari-

ables used above. This index varies from -3 (= low quality) to 3 (=high qual-

ity). The results suggest that a one standard deviation increase in the index

is associated with a decrease in mortgage defaults by approximately 25.2%.

This finding reflects the importance of institutional arrangements in deter-

ring mortgage delinquencies.



527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM
Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019 PDF page: 130PDF page: 130PDF page: 130PDF page: 130

120 Mortgage default rates

Table 4.6: Mortgage defaults and institutions

(1) (2) (3) (4) (5) (6)

Unemployment 0.055*** 0.057*** 0.039* 0.055** 0.054** 0.041*
(0.021) (0.017) (0.022) (0.022) (0.021) (0.021)

House prices (%) -0.037*** -0.044*** -0.034*** -0.033*** -0.033*** -0.039***
(0.009) (0.010) (0.008) (0.008) (0.008) (0.009)

IR spread 0.005 0.013 0.013 0.009 0.009 0.010
(0.009) (0.008) (0.008) (0.009) (0.009) (0.008)

MPI -0.172** -0.218** -0.178** -0.161** -0.165*** -0.164**
(0.070) (0.108) (0.075) (0.065) (0.061) (0.068)

Legal rights -0.196*
(0.103)

Rule of Law -7.843***
(1.676)

Physical Property -0.809***
(0.299)

Investor Protection -0.199
(0.179)

Creditor Rights -0.399
(0.253)

Institutional (IQ) -0.433***
(0.149)

R-squared 0.345 0.612 0.464 0.302 0.326 0.435
N 210 208 220 220 220 204
Model RE RE RE RE RE RE

Notes: The dependent variable is mortgage default rates and it is expressed in logarithm.
We use one period lagged values of the regressors. Random effects are included in all spec-
ifications as well as time fixed effects (yearly dummies). We use robust standard errors in
parentheses to correct for serial correlation and heteroskedasticity. Standard deviations are
shown in brackets * p<0.1, ** p<0.05, *** p<0.01.

Table 4.7 presents the results for an extended model which adds the in-

teraction terms between several characteristics of the mortgage market with

the macro-prudential policy index of Akinci and Olmstead-Rumsey (2017).

We keep the macroeconomic variables as controls and employ the within

estimator. The variables which are interacted with the MPI are not time-

varying and therefore absorbed in the fixed effects. Column (1) of Table 4.7

shows the estimation for the interaction of the macro-prudential policy in-

dex (MPI) and the proxy for institutional quality. The results suggest that
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the negative effect of macro-prudential regulation on mortgage defaults is

amplified when the quality of institutions is high. This confirms the result

shown in panel (b) of Figure 4.6, where the average mortgage default rates

are substantially lower when the IQ index is above its panel computed me-

dian. This result indicates that macro-prudential policies need to be sup-

ported by a sound institutional framework in order to ensure their effec-

tiveness.

The second column suggests that the beneficial effect of macro-

prudential policy on mortgage defaults is amplified when the average ma-

turity of loans increases. Aristei and Gallo (2012) find that the maturity of

mortgages reduces the probability of mortgage delinquency in their micro-

based analysis of Italian mortgage defaults. Our results complement their

findings by showing that tougher macro-prudential measures combined

with longer maturities have a beneficial effect of reducing the likelihood

of default. The intuition for this result is that the combination of a restric-

tive macro-prudential environment which limits household indebtedness,

with longer maturities which make periodic mortgage payments more af-

fordable, is conducive to repayment.

Column (3) shows the interaction effect between macro-prudential pol-

icy and a dummy for the flexibility of the interest rate on the mortgage. The

dummy is one if most loans have a fixed interest rate in a country and zero

otherwise. We find evidence suggesting that restrictive macro-prudential

policies reduce defaults more in countries with fixed rates. This most likely

captures the effect of a reduction in payment obligations on defaults: a re-

strictive macro-prudential environment reduces the amount that can be bor-

rowed. The households not only borrow less, but they are able to fix their

payment obligations over a certain period of time, thus reducing the volatil-

ity of their payment obligations.
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Column (4) presents the estimation results for the interaction of macro-

prudential policy and a dummy for tax-deductibility of the interest pay-

ments. The dummy is one if there is some form of tax-deductibility in place

and zero otherwise. The results suggest that the effect of macro-prudential

policy is amplified in presence of tax deductions. While there is empiri-

cal evidence on the relationship between mortgage interest deduction and

higher house prices, our results show a novel effect: In the presence of a

restrictive leverage constraint, the tax-deductibility of interest payments in-

creases borrowers’ ability to pay by reducing their periodic payments.

Table 4.7: Mortgage market variables and mortgage defaults

(1) (2) (3) (4)

Unemployment 0.050** 0.052* 0.058** 0.054**
(0.024) (0.026) (0.026) (0.026)

House prices (%) -0.035*** -0.028*** -0.029*** -0.028***
(0.008) (0.008) (0.008) (0.008)

IR Spread 0.007 0.007 0.008 0.006
(0.010) (0.010) (0.010) (0.010)

MPI -0.094** -0.097** -0.125** -0.106**
(0.045) (0.045) (0.060) (0.044)

MPI × IQ -0.065**
(0.026)

MPI ×Maturity -0.004*
(0.002)

MPI × IR Type -0.243***
(0.066)

MPI × Tax Deduction -0.178*
(0.095)

R-squared 0.344 0.348 0.330 0.315
N 201 217 217 217
Model FE FE FE FE

Notes: The dependent variable is mortgage default rates and it is expressed in logarithm. We
use one or two period lagged values of all the regressors. Country fixed effects and time fixed
effects (yearly dummies) are included in all specifications. We use robust standard errors in
parentheses to correct for serial correlation and heteroskedasticity. Standard deviations are
shown in brackets. * p<0.1, ** p<0.05, *** p<0.01.
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4.6 Robustness

The results are robust to the inclusion of additional control variables that

could have an influence on mortgage default rates such as the ratio of credit

to GDP, residential loans or the inflation rate. We can notice in table 4.8 that

the additional controls are not statistically significant, therefore we did not

add them in the main specification since the size of the sample is limited

and we choose to keep the model parsimonious. Furthermore, the results

are relatively robust to the exclusion of one country at a time. The macro-

prudential index remains statistically significant as well as the macroeco-

nomic variables, indicating that the results are not driven by specific ob-

servations. However, we note that the Asian countries were the ones that

mostly made use of macro-prudential tools, therefore the results related to

these variables are likely driven by these countries.

A potential issue in the analysis is that the institutional index might be

correlated to the country specific effects, therefore we employ the corre-

lated random effects specification (Mundlak, 1978) as a robustness check.

The Mundlak specification estimates random-effects regression models by

adding group-means of the regressors that display within group variation.

This technique relaxes the assumption in the random-effects estimator that

the observed variables are uncorrelated with the unobserved variables. Ta-

ble 4.9 shows the robustness of the results, as the estimated coefficients

across the two models are similar in sign and magnitude.
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Table 4.8: Robustness: Additional controls

(1) (2) (3) (4)

Unemployment 0.055** 0.057** 0.053* 0.048*
(0.027) (0.026) (0.027) (0.028)

House prices (%) -0.030*** -0.028*** -0.029*** -0.029***
(0.008) (0.008) (0.008) (0.008)

IR spread 0.010 0.008 0.010 0.009
(0.010) (0.009) (0.010) (0.010)

MPI -0.129* -0.105* -0.115* -0.119*
(0.070) (0.060) (0.056) (0.067)

Credit to GDP -0.524 -0.406
(0.669) (0.684)

Residential loans -0.488 -0.457
(0.364) (0.344)

Inflation -3.989 -3.730
(4.987) (4.658)

R-squared 0.336 0.292 0.303 0.282
N 210 216 217 209
Model FE FE FE FE

Notes: The dependent variable is mortgage default rates and it is expressed in
logarithm. House prices, the credit to GDP ratio and outstanding residential
loans are expressed in growth rates. We use one period lagged values of all the
regressors. Country and time fixed effects are included in all models. We use
robust standard errors in parentheses to correct for serial correlation and het-
eroskedasticity. Standard deviations are shown in brackets * p<0.1, ** p<0.05,
*** p<0.01.
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Table 4.9: Robustness: Correlated Random Effects

(1) (2) (3) (4)

Unemployment 0.054*** 0.041* 0.050*** 0.036*
(0.019) (0.021) (0.019) (0.020)

House prices (%) -0.035*** -0.039*** -0.035*** -0.038***
(0.007) (0.009) (0.007) (0.008)

IR spread 0.008 0.010 0.007 0.010
(0.016) (0.008) (0.016) (0.009)

MPI -0.122** -0.164** -0.094* -0.117**
(0.054) (0.068) (0.054) (0.049)

IQ -0.288** -0.433*** -0.323** -0.391***
(0.131) (0.149) (0.136) (0.135)

MPI × IQ -0.065** -0.087***
(0.027) (0.028)

R-squared 0.837 0.435 0.860 0.471
N 204 204 201 201
Model Mundlak RE Mundlak RE

Notes: The dependent variable is mortgage default rates and it is expressed
in logarithm. We use one period lagged values of all the regressors. Time fixed
effects are included in all models. We use robust standard errors in parentheses
to correct for serial correlation and heteroskedasticity. Standard deviations are
shown in brackets * p<0.1, ** p<0.05, *** p<0.01.
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4.6.1 Instrumental Variable Estimation

As mentioned in the methodology section, one limitation of the analysis is

a potential bias in the estimates due to simultaneity between the depen-

dent variable and certain regressors such as house prices or the MPI index.

Identification based on the instrumental variable approach requires that for

each macro-prudential policy variable we have at least one exogenous in-

strument that is correlated with the macro-prudential policy changes but

unrelated to mortgage arrears. Unfortunately we do not have a variable that

affects mortgage arrears only indirectly, through its correlation with the pol-

icy changes. If external instruments are not available then one can attempt

to achieve identification based on functional form (e.g., using constructed

instruments).

Lewbel (2012) shows that heteroscedasticity in the errors in the first stage

regression can be used as a source of identification, especially when appro-

priate external instruments are not available. The main assumption is that

the errors in a linear projection of the endogenous regressor on the other re-

gressors are heteroscedastic. The generated instruments Zj are constructed

from the first stage residuals, multiplied by each of the included exogenous

variables in mean-centered form:

Zj = (Xj − X̄)ûj (4.4)

where j indexes each of the exogenous regressors included in the model

and ûj is the vector of residuals from the first stage regression of each en-

dogenous regressor on all the exogenous regressors. The auxiliary regres-

sion residuals have zero covariance with each of the regressors used to con-

struct them, however their element-wise products with the centered regres-

sors comprise sizeable elements if heteroscedasticity is present. The higher

the degree of heteroscedasticity in the errors, the larger is the correlation of
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instruments with the endogenous variables. However, identification based

on higher moments is likely to produce less reliable estimates that identifi-

cation based on exclusion restrictions if traditional instruments are available

(Lewbel, 2012). Furthermore, if the degree of heteroscedasticity is low then

the instruments are weak and the obtained estimates are imprecise and have

large standard errors.

The results obtained based on the set of instruments constructed with

the Lewbel (2012) approach are presented in Table 4.10 and Table 4.11. The

tables report p-values of the under-identification tests based on the Kleiber-

gen and Paap (2006) rk statistic with rejection implying identification, as

well as p-values of the over-identification test based on the Sargan (1958)

and Hansen (1982) J-test, with rejection implying that the model is misspec-

ified or at least one of these instruments is invalid. Finally, the table presents

the Sanderson and Windmeijer (2016) F-statistic as a test for weak identifi-

cation of the individual endogenous regressors. The Hansen J-test indicates

that we do not reject the joint null hypothesis that our instruments are un-

correlated with the residuals and the excluded instruments are correctly left

out from the second stage regression. Furthermore, for every model spec-

ification we reject the null that the model is under-identified based on the

Kleibergen-Paap rk statistic.

We notice that the results obtained based on the instrumental variable

estimation are overall robust and similar in both sign and magnitude with

the ones obtained with the OLS within estimator. The main exception is the

estimate of the coefficient of the interaction term between macro-prudential

policy and institutional quality, which is still negative but statistically in-

significant. Based on these sets of robustness checks, we can conclude that

macroeconomic variables and macro-prudential policy have significant ef-

fects on the incidence of mortgage defaults.
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Table 4.10: Robustness: IV estimation

2SLS LIML 2SLS LIML

Unemployment 0.068*** 0.068*** 0.075*** 0.075***
(0.013) (0.013) (0.013) (0.013)

House prices (%) -0.034*** -0.034*** -0.033*** -0.033***
(0.005) (0.005) (0.005) (0.005)

IR spread 0.012 0.012 0.015** 0.015**
(0.007) (0.007) (0.008) (0.008)

MPI -0.149** -0.149**
(0.061) (0.062)

MPI2 -0.105*** -0.105***
(0.029) (0.029)

R-squared 0.351 0.351 0.381 0.381
N 220 220 220 220

Underid test (p-val) 0.02 0.02 0.00 0.00
Overid test (p-val) 0.80 0.80 0.81 0.81
F-stat 6.95 6.95 23.19 23.19

Notes: The dependent variable is mortgage default rates and it is expressed in
logarithm. We use one period lagged values of all the regressors. Country fixed
effects are included in all models. We use robust standard errors in parentheses
to correct for serial correlation and heteroscedasticity. Standard deviations are
shown in brackets. Overid test reports the p-value of Hansen J statistic. Un-
derid reports the p-value of Kleibergen and Paap rk statistic. The set of instru-
ments is obtained based on the Lewbel (2012) approach. Excluded instruments
are unemployment, house prices and interest rate spread demeaned and inter-
acted with the first-stage residuals. F-stat reports the Sanderson-Windmeijer
F-statistic of excluded instruments. * p<0.1, ** p<0.05, *** p<0.01.



527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM
Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019 PDF page: 139PDF page: 139PDF page: 139PDF page: 139

Chapter 4 129

Table 4.11: Robustness: IV estimation

2SLS LIML 2SLS LIML

Unemployment 0.063*** 0.063*** 0.063*** 0.063***
(0.013) (0.013) (0.013) (0.013)

House prices (%) -0.038*** -0.038*** -0.039*** -0.039***
(0.005) (0.005) (0.005) (0.005)

IR spread 0.013* 0.013* 0.013* 0.013*
(0.007) (0.007) (0.007) (0.007)

MPI -0.130* -0.131* -0.161** -0.162**
(0.072) (0.073) (0.065) (0.065)

MPI × IQ -0.026 -0.026 -0.014 -0.013
(0.032) (0.033) (0.030) (0.030)

R-squared 0.377 0.376 0.371 0.371
N 204 204 204 204

Underid test (p-val) 0.07 0.07 0.06 0.06
Overid test (p-val) 0.48 0.48 0.56 0.56
F-stat 20.73 20.73 12.74 12.74

Notes: The dependent variable is mortgage default rates and it is expressed in
logarithm. We use one period lagged values of all the regressors. Country fixed
effects are included in all models. We use robust standard errors in parentheses
to correct for serial correlation and heteroscedasticity. Standard deviations are
shown in brackets. Overid test reports the p-value of Hansen J statistic. Un-
derid reports the p-value of Kleibergen and Paap rk statistic. The set of instru-
ments is obtained based on the Lewbel (2012) approach. In columns (1) and (2)
the excluded instruments are unemployment, house prices and interest rate
spread (demeaned) and interacted with the first-stage residuals. In columns
(3) and (4) we exclude the interest rate spread from the set of excluded instru-
ments. F-stat reports the Sanderson-Windmeijer F-statistic of excluded instru-
ments. * p<0.1, ** p<0.05, *** p<0.01.
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4.7 Conclusion

Using a newly constructed panel database over the period 2000-2014, we ex-

amine potential explanations for the cross-country and within-country het-

erogeneity in mortgage defaults. Although individual borrower character-

istics cannot be considered in studies at the macro level - and arguably, such

characteristics are important determinants of mortgage delinquency - a ma-

jor advantage of using panel data at the macro level is that several other

important potential predictors of mortgage defaults can be taken into ac-

count. Some of these predictors are time varying (e.g., changes in the macro-

prudential policies), while others are not (e.g., institutional attributes, hous-

ing market’s characteristics).

Our results suggest that macro-prudential policies, and in particular

lower regulatory LTV ratios, together with the institutional quality at-

tributes that capture judicial efficiency, bankruptcy regulation and prop-

erty protection, are statistically significantly associated with a lower share of

mortgage arrears in the total residential debt. We also find that the effects of

macro-prudential policy and institutional quality on mortgage defaults are

mutually reinforcing as the average defaults rates are the lowest in countries

with better institutions and restrictive macro-prudential policies.

The findings in this paper show that there are a number of housing

market’s characteristics that may explain cross-country differences in mort-

gage defaults. Longer mortgage maturities, fixed-interest rate mortgages,

and tax-deductibility of mortgage interest are correlated with lower default

rates in countries with restrictive macro-prudential policies. In addition to

that, the recourse legislation that allows mortgage lenders to claim borrow-

ers’ assets upon a foreclosure procedure (if the proceedings do not cover the

outstanding loan balance), may limit the incidence of mortgage defaults.
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We find a strong relationship between the degree of lender recourse on bor-

rowers and mortgage arrears, in particular for those countries with better

institutions.

From a policy perspective our evidence on the usefulness of macro-

prudential policies supported by a better design of credit market institutions

indicates that a mix of policies may be required in order to reduce the prob-

lems associated with mortgage defaults. Such a mix should consist of both

prudential regulation and improvements in institutional design, in particu-

lar improvements of judicial efficiency and bankruptcy regulation.

Furthermore, our findings inform the policy discussion on the imple-

mentation of Basel III’s stricter risk-weight capital requirements for mort-

gages. Given that countries with better institutions and stricter macro-

prudential regulation have experienced lower rates of mortgage default, one

can argue that countries which would benefit more (in terms of a reduction

in mortgage arrears) from higher risk weights on banks’ mortgage portfo-

lios are those countries lagging behind with respect to their institutional de-

sign and implementation of prudential regulation. Expanding the dataset to

cover more countries may allow future research to explore in more depth the

impact of various factors as well as their interactions on mortgage arrears.



527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM
Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019 PDF page: 142PDF page: 142PDF page: 142PDF page: 142

132 Mortgage default rates

4.A Appendix

4.A.1 Summary statistics by country

Table 4.12: Summary statistics - Mortgage Defaults

Country Mean Std. Dev. Minimum Maximum N

Australia 0.5 0.2 0.2 0.79 12
Belgium 1.68 1.83 0.4 5.22 15
Brasil 2.03 0.11 1.88 2.14 4
Canada 0.34 0.07 0.25 0.43 15
Czech Republic 2.39 0.75 1.58 3.41 13
Denmark 0.26 0.13 0.08 0.55 15
France 1.14 0.19 0.89 1.45 13
Greece 12.43 9.74 3.4 28.6 10
Hong Kong 0.4 0.5 0.01 1.33 15
Hungary 8.85 4.47 3.12 13.89 6
Ireland 11.35 5.28 4.29 16.93 6
Italy 2.19 0.86 1.5 3.7 10
Malaysia 3.18 1.67 1.38 5.59 7
Mexico 6.72 5.13 2.79 18.55 15
Netherlands 0.96 0.2 0.72 1.26 8
Philippine 8.1 3.68 3.06 14.98 15
Poland 2.94 1.77 1 7.8 15
Portugal 1.66 0.47 1.07 2.73 15
Romania 4.04 1.85 0.88 5.88 7
Singapore 0.62 0.37 0.3 1.38 9
Slovakia 3.13 0.24 2.95 3.59 6
Spain 1.87 1.91 0.33 6.09 15
Sweden 0.08 0.09 0.01 0.24 8
Thailand 5.29 4.07 2.2 14.5 12
UK 1.8 0.41 1.28 2.45 8
US 5.18 3.82 1.55 10.84 15

Total 3.13 4.2 0.01 28.6 297
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Table 4.13: Institutional variables

Institutional Legal Property Investor Creditor Rule of
Quality rights protection protection rights of law

Australia 1.3 9 7.1 5.7 3 0.8
Belgium 0.2 6 6.4 7 2 0.8
Brasil -2.5 3 5.5 5.3 1 0.5
Canada 1.2 7 7.5 8.7 1 0.8
CzechRepublic -0.4 6 6 5 3 0.7
Denmark 1.7 9 7 6.3 3 0.9
France -0.5 7 6.9 5.3 0 0.7
Greece -2.3 4 5.1 5.3 1 0.6
Hong Kong 3 10 7.7 9 4 0.8
Hungary -2 7 5.2 4.3 1 0.6
Ireland - 9 6.4 8.3 1 -
Italy -1.7 3 5.2 6 2 0.6
Malaysia 1.9 10 7.7 8.7 3 0.6
Mexico -2.8 5 5.1 5.7 0 0.5
Netherlands 0.5 6 7.1 4.7 3 0.8
Philippine -2.2 4 6.2 4.3 1 0.5
Poland -0.3 9 5.7 6 1 0.7
Portugal -1.3 3 6.2 6 1 0.7
Romania - - 5.8 6 1 0.6
Singapore 3.1 10 8.1 9.3 3 0.8
Slovakia - - 6 4.7 2 -
Spain -1.1 6 5.5 5 2 0.7
Sweden 1 8 7.5 6.3 1 0.9
Thailand -0.6 5 6.5 7.7 2 0.5
UK 2.3 10 6.9 8 4 0.8
US 1.2 9 7.2 8.3 1 0.7

Note: This table shows the average values per country for the five institutional variables
and the values of the computed institutional index. The index is obtained based on principal
component analysis.
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Table 4.14: Mortgage market variables

Country Maturity Recourse Loan type Funding Transfer Tax Tax Deduction

Australia 25 1 0 0 . 0
Belgium 20 1 1 1 1 1
Brazil 25 0 1 1 . 0
Canada 25 1 0 1 . 0
Czech Rep. 20 1 0 1 1 1
Denmark 30 1 0 0 1 1
France 20 1 1 1 1 0
Greece 15 1 0 1 1 1
Hong Kong 15 1 0 0 . 0
Hungary 20 1 0 0 1 0
Ireland 40 1 0 1 1 1
Italy 22 1 0 1 1 1
Malaysia 35 0 0 1 . 1
Mexico 25 0 0 0 . 1
Netherlands 30 1 1 1 1 1
Philippine 30 1 0 0 . 0
Poland 32.5 1 0 1 1 1
Portugal 30 0 0 1 1 1
Romania 32.5 . 0 . 0 0
Singapore 35 1 0 0 . 1
Slovakia 17 . 0 . 0 0
Spain 20 1 0 1 1 1
Sweden 45 1 0 0 1 1
Thailand 20 1 0 1 . 1
UK 25 1 0 1 1 0
US 30 0 0 0 . 1

Note: This table shows the values per country for the mortgage market variables. Maturity
denotes the average maturity in years for a mortgage loan in the respective country. Recourse
is a dummy equal to 1 if a recourse policy is implemented. Loan type is a dummy equal to 1
if the interest rate on the loan is fixed. Funding is adummy variable equal to 1 if the funding
is based on retail sources. Transfer Tax and Tax deduction are equal to 1 if the respective tax
is implemented in the country.
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4.A.2 Additional graphs

Figure 4.10: Macroprudential index (MPI)
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4.A.3 Robustness

Table 4.15: Robustness (FGLS)

(1) (2) (3) (4) (5)

Unemployment 0.066*** 0.072*** 0.032*** 0.069*** 0.037**
(0.012) (0.013) (0.012) (0.010) (0.015)

House prices (%) -0.015*** -0.018*** -0.014*** -0.018*** -0.016***
(0.004) (0.005) (0.004) (0.005) (0.005)

IR Spread 0.005 0.005 0.006 0.006 0.003
(0.007) (0.010) (0.007) (0.008) (0.017)

MPI -0.140***
(0.042)

MPI2 -0.152***
(0.018)

LTV -0.195**
(0.083)

N 201 201 201 201 142

Notes: The dependent variable is mortgage default rates and it is expressed in logarithm.
The results are obtained based on the cross-sectional time-series FGLS estimator with het-
eroskedastic panels and panel-specific AR(1). We use one period lagged values of all the re-
gressors and time fixed effects (yearly dummies) are included in all specifications. Standard
deviations are shown in brackets * p<0.1, ** p<0.05, *** p<0.01.
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Chapter 5

Conclusion

If all the economists were laid end to end, they’d never reach a

conclusion.

George Bernard Shaw

The research conducted in this thesis is motivated by the recent Global

Financial Crisis and the European Sovereign Debt Crisis and aims to pro-

vide insights on their causes as well as the effectiveness of the policies that

were implemented in their aftermath. The main research questions revolve

around the potential imbalances in the financial system and the proposed

policies to address these imbalances. However, the insights of the economic

crises in the last centuries show that not only they differ significantly but

also that financial crises cannot be avoided.

The first study in this thesis investigates the interaction between the sus-

tainability of sovereign debt and the default risk of banks that came into

spotlight due to government interventions in support of the banking sector.

I distinguish two channels of contagion by identifying bailout and sovereign

risk shocks and estimate their effects on the default risks of the banking

sector and governments. The results illustrate a good match between the

bailout shocks identified by the model and the actual announcements of
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bank rescue packages. This match validates the identification scheme and it

indicates that bank rescue packages generated a risk transfer from banks to

governments. The persistence of this risk transfer and therefore the strength

of the bank-sovereign contagion varies across countries in Europe and the

US. For the European countries, the volatility of the bailout shocks remains

high and the results show a stronger and persistent contagion channel be-

tween banks and governments.

The impulse response functions indicate that a bailout shock leads to a

strong decrease in the default risk of the banking sector for the US. For most

of the European countries the decline in the banks’ CDS spreads is transi-

tory and thereafter the effect of the shock becomes positive. However, the

increase in the sovereign CDS spreads following a bailout shock is uniform

across all countries. Furthermore, an adverse risk shock in the sovereign sec-

tor also generates an increase in the banks’ default risk. This effect is high in

particular for France, Italy, and Spain and it indicates a higher vulnerability

of the banking sector towards the riskiness of the government debt. Over-

all, the results show a stronger contagion between the public and the private

sector for Europe in comparison to the US. The patterns of the bailout shocks

indicate a strong stabilization effect only for the US.

Chapter 3 investigates the effects of bank competition on loan portfo-

lio quality and bank default risk and how these effects vary depending on

the amount of wholesale funding that a bank employs. The literature on

the effects of bank competition is highly divided and no consensus has yet

been reached about its implications for bank stability. I therefore investigate

whether the structure of bank funding affects this relationship by focusing

on wholesale funding as it is often mentioned to be one of the main imbal-

ances which prevailed before the Global Financial Crisis. Wholesale funding

provides banks the possibility for quick financing in order to adjust lever-
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age and expand lending. However, its volatile short-term nature is associ-

ated with increased liquidity risk and potential negative effects on banks

stability.

The results indicate that bank competition has a negative effect on stabil-

ity and this effect is amplified when banks rely more on wholesale funding

vs. retail funding due to its volatile nature and potential destabilizing role

if a negative noisy signal appears on the market and generates a liquidity

crisis. An environment characterized by intense competition coupled with

a high reliance on wholesale funding is prone to generate a higher default

risk for the banks and it is associated with a higher level of non-performing

loans. However, the paper provides a partial analysis and therefore the re-

sults should not be interpreted in the favour of limiting bank competition.

The implications show the importance of monitoring the structure of bank

balance sheets as well as accounting for the level of competition when de-

signing macro-prudential tools such as leverage ratios.

In the last chapter we employ a newly constructed panel database over

the period 2000-2014 and analyze cross-country and within-country differ-

ences in mortgage defaults. The dataset includes mortgage default rates

across countries and complements the information with macroeconomic

variables, macro-prudential policy variables as well as various mortgage

market characteristics in order to explore potential determinants of mort-

gage default rates.

The results suggest that macro-prudential policies, and in particular

lower regulatory loan to value ratios are associated with a reduction in the

share of mortgage defaults in total residential debt. We find that better insti-

tutions are associated with lower defaults, both directly and by enhancing

the impact of macro-prudential policies. There is also evidence that the ef-

fect of macro-prudential polices is moderated by several characteristics of
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the mortgage market, such as the maturity of loans, interest rate type and

tax deductibility. The results point towards the complementarity of a vari-

ous mix of polices that can be used to address imbalances on the mortgage

market. Such a mix should consist of both prudential regulation and im-

provements in institutional design, in particular improvements of judicial

efficiency and bankruptcy regulation.

The findings in this paper show that there are a number of housing

market’s characteristics that may explain cross-country differences in mort-

gage defaults. Longer mortgage maturities, fixed-interest rate mortgages,

and tax-deductibility of mortgage interest are correlated with lower default

rates in countries with restrictive macroprudential policies. In addition to

that, the recourse legislation that allows mortgage lenders to claim borrow-

ers’ assets upon a foreclosure procedure (if the proceedings do not cover the

outstanding loan balance), may limit the incidence of mortgage defaults.

We find a strong relationship between the degree of lender recourse on bor-

rowers and mortgage arrears, in particular for those countries with better

institutions.

Furthermore, our findings inform the policy discussion on the imple-

mentation of Basel III’s stricter risk-weight capital requirements for mort-

gages. Given that countries with better institutions and stricter macropru-

dential regulation have experienced lower rates of mortgage default, one

can argue that countries which would benefit more from higher risk weights

on banks’ mortgage portfolios are those countries lagging behind with re-

spect to their institutional design and implementation of prudential regu-

lation. Expanding the dataset to cover more countries may allow future re-

search to explore in more depth the impact of various factors as well as their

interactions on mortgage arrears.
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Samenvatting

In dit proefschrift worden verschillende oorzaken van instabiliteit in de

banksector onderzocht, alsmede de effecten van de inzet van macropruden-

tiële instrumenten of herkapitalisatiebeleid gericht op het behoud of herstel

van de stabiliteit van het banksysteem. Kort samengevat vormde de kre-

diethausse op de woningmarkt de basis voor de recente financiële crisis. Ge-

subsidieerde subprime-hypotheken werden omgezet in complexe financiële

producten waarvan de risico’s werden onderschat. Deze risicovolle beleg-

gingen werden hoofdzakelijk aangejaagd door een toename van non-core

verplichtingen, aangezien banken de kredietverlening uitbreidden op basis

van volatiele, kortlopende marktfinanciering. Blanchard (2009) identificeert

de afhankelijkheid van marktfinanciering als een van de vier oorzaken voor

de ernst van de laatste financiële crisis, samen met hoge loan-to-value hypo-

theken, schulden van huishoudens en verhoogd systeemrisico op financiële

markten.

De hoofdstukken in deze dissertatie richten zich op risicofactoren aan

zowel de actiefzijde als de passiefzijde van de bankbalans. In Hoofdstuk 2

wordt de effectiviteit onderzocht van herkapitalisatie operaties bij banken

om de stabiliteit in de banksector te herstellen, evenals de negatieve gevol-

gen ervan in termen van de creatie van een sterk risico-besmettingskanaal

tussen banken en hun overheden. Hoofdstuk 3 richt zich op de negatieve

effecten van marktfinanciering op de stabiliteit van banken en kredietporte-



527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM527250-L-bw-Stanga-SOM
Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019Processed on: 20-2-2019 PDF page: 164PDF page: 164PDF page: 164PDF page: 164

154 Samenvatting (Summary in Dutch)

feuillerisico’s, terwijl hoofdstuk 4 ingaat op de determinanten van betalings-

achterstanden op hypotheken en de rol die de inzet van macroprudentiële

instrumenten speelt bij het mitigeren daarvan.

Hoofdstuk 2 onderzoekt de effectiviteit van het herkapitalisatiebeleid

van banken voor het herstel van de stabiliteit van banken evenals de ne-

gatieve gevolgen van dit beleid met betrekking tot de gegenereerde risico

spillovers tussen banken en overheden. Omdat banken binnenlandse staats-

obligaties aanhouden en obligatieprijzen het kredietrisico van de overheid

weerspiegelen, ontstaat er een sterk besmettingskanaal tussen de banken-

sector en de overheid. Herkapitalisatie vereist dat overheden nieuwe staats-

obligaties uitgeven. Dit leidt tot een daling van de obligatiekoersen als ge-

volg van toegenomen aanbod, waardoor de balans van de banken negatief

wordt beïnvloed omdat zij staatsobligaties in hun portefeuilles hebben.

In dit hoofdstuk presenteer ik een methode om dit besmettingsrisico en

de effectiviteit van de reddingsoperaties bij banken om de stabiliteit te her-

stellen te kwantificeren. Ik maak daartoe een inschatting van de effecten

van reddingsoperaties van banken op zowel het default risico van de ban-

kensector als het default risico van overheden. Het raamwerk dat ik daarbij

gebruik houd rekening met de endogeniteit tussen beide default risico’s. De

belangrijkste bijdrage van het hoofdstuk bestaat uit een nieuw identifica-

tieschema waarmee deze twee besmettingskanalen kunnen worden onder-

scheiden, d.w.z. om de effecten van herkapitalisatie bij banken te isoleren

en het onderlinge afhankelijkheidsrisico tussen banken en overheden te me-

ten. De uitkomsten laten zien dat, in tegenstelling tot Europa, de volatiliteit

van de geschatte bailout-schok voor de VS aanzienlijk daalt na de crisis. Dit

duidt op een lagere persistentie van de risico transmissie en een sterker sta-

bilisatie effect. Bovendien leidt in de VS een herkapitalisatieschok tot een

aanzienlijke en aanhoudende daling van het risico dat banken omvallen,
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terwijl in het merendeel van de Europese landen slechts sprake is van een

tijdelijke daling. De risicobesmetting tussen banken en overheden is meer

persistent in Europa dan in de VS.

In hoofdstuk 3 onderzoek ik de effecten van marktfinanciering op het

faillissementrisico van banken en de interactie ervan met bankconcurrentie.

Het effect van concurrentie op de stabiliteit van banken kan variëren naar-

gelang het aandeel van marktfinanciering in de totale activa. De fragiliteit

die voortvloeide uit de afhankelijkheid van non-core passiva kwam aan het

licht toen de huizenmarkt instortte. De markt raakte op slot als gevolg van

de hoge onzekerheid en noodverkopen drukten de activaprijzen zo ver naar

beneden dat het moeilijk werd om deze te verkopen of als onderpand te ge-

bruiken om de schuld te hernieuwen of om nieuwe marktfinanciering voor

de korte termijn te verkrijgen. Daarom speelt de financieringsstructuur van

banken een sleutelrol in de wijze waarop de schokken worden doorgegeven

binnen de financiële sector en aan de reële economie.

Het belangrijkste voordeel van wholesale financiering ligt in het kunnen

benutten van investeringsmogelijkheden ongeacht de beperking die banken

ondervinden in het aantrekken vanretail deposito’s. Marktfinanciering stelt

banken in staat om snel hun financieringshefboom aan te passen, omdat

deze fondsen snel beschikbaar zijn. Banken kunnen deze gemakkelijk toe-

gankelijke vorm van financiering echter ook gebruiken om de kredietverle-

ning agressief uit te breiden of om te investeren in meer risicovolle activa.

Bovendien genereert de afhankelijkheid van volatiele marktfinanciering li-

quiditeitsrisico, aangezien marktfinanciering abrupt kan stoppen wanneer

negatieve signalen over de kwaliteit van banken bekend worden, waardoor

insolventierisico ontstaat veroorzaakt door een gebrek aan liquiditeit. Na

een negatieve schok nemen de margevereisten voor marktfinanciering en

haircuts op onderpand toe, hetgeen leidt tot een daling van de beschikbare
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financiering en een vermindering van de marktliquiditeit. Met verminderde

toegang tot marktfinanciering verliezen banken hun vermogen om de finan-

cieringshefboom aan te passen, met negatieve gevolgen voor de stabiliteit

van banken.

De resultaten laten zien dat een grotere afhankelijkheid van marktfinan-

ciering gepaard gaat met een verminderde bankstabiliteit. De negatieve ef-

fecten gelden zowel voor het kredietportefeuillerisico als voor het algehele

faillissementsrisico van banken. De nadelen van marktfinanciering in de

vorm van een hoger financieringsliquiditeitsrisico lijken daarbij op te we-

gen tegen de voordelen van betere monitoring door aanbieders van markt-

financiering. De noviteit in dit hoofdstuk is dat een grotere afhankelijkheid

van marktfinanciering het concurrentie-fragiliteitskanaal versterkt, hetgeen

suggereert dat de nadelen van marktfinanciering de overhand hebben in

een concurrerende omgeving.

In het laatste hoofdstuk worden de determinanten van betalingsachter-

standen op hypotheken geanalyseerd op basis van een nieuwe database

voor 26 landen over de periode 2000-2014. Met de database wordt ook on-

derzocht in hoeverre macroprudentieel beleid van invloed is op de beta-

lingsachterstanden op hypotheken. De analyse richt zich op de rol van in-

stitutionele factoren in het verklaren van betalingsachterstanden op hypo-

theken tussen landen, en de variatie die wordt verklaard door kenmerken

van hypotheekmarkten zoals recourse procedures, looptijd van leningen en

het type rente. De impact van sommige van de drivers van wanbetalingen

van huishoudens wordt mede bepaald door institutionele factoren.

De resultaten suggereren dat de impact van macroprudentieel beleid op

betalingsachterstanden op hypotheken niet alleen wordt bepaald door in-

stitutionele kwaliteit, maar ook door een aantal kenmerken van de hypo-

theekmarkt, zoals de flexibiliteit van de rentevoet en of een recourse beleid
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is geïmplementeerd of niet. Er is sprake van een negatief verband tussen

betalingsachterstanden en huizenprijzen. Bij een daling van huizenprijzen

ondervinden huishoudens potentieel grotere leenbeperkingen of kunnen zij

hun hypotheek niet herfinancieren als gevolg van een lagere onderpands-

waarde. De uitkomsten wijzen op een positief verband tussen werkloosheid

en betalingsachterstanden. Dit is in lijn met de verwachtingen mede omdat

inkomensrisico’s in sterke mate idiosyncratisch zijn en niet kunnen worden

afgedekt. Ook zijn huizen veelal illiquide activa, waardoor het kostbaar is

om het eigenaarschap aan te passen in reactie op een economische schok.

Ook wordt gevonden dat langere looptijden, fiscale aftrekbaarheid en vaste

rentes gepaard gaan met lagere betalingsachterstanden. Huishoudens plan-

nen over een langere horizon, waarbij een vaste rente bescherming biedt

tegen het risico dat leenkosten tussentijds oplopen.

Het onderzoek in dit proefschrift is ingegeven door de recente wereld-

wijde financiële crisis en de Europese staatsschuldcrisis. Het beoogt inzicht

te verschaffen in de oorzaken daarvan en in de effectiviteit van enkele van

de beleidsmaatregelen die in de nasleep daarvan zijn geïmplementeerd. De

bevindingen van het onderzoek werpen licht op de mogelijke onevenwich-

tigheden in het financiële stelsel en op de vraag welk beleid effectief is om

deze onevenwichtigheden aan te pakken. Economische crises in de laatste

eeuwen laten zien dat zij niet alleen aanzienlijk verschillen, maar ook dat

een financiële crisis niet ten alle tijden kan worden voorkomen. Echter, fou-

ten uit het verleden kunnen wel worden vermeden.
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This book investigates various causes of bank fragility and the 
effectiveness of key macro-prudential tools and bailout poli-
cies in preserving or restoring stability in the banking system. 
The results indicate that a high reliance on wholesale funding 
is associated with lower bank stability and the negative effects 
are amplified in a competitive environment. The liquidity risk 
of banks increases as they become susceptible to bank runs by 
wholesale financiers. Therefore, a loan  portfolio financed with 
high leverage implies higher overall risk even if it consists of 
safe assets. From a policy perspective, the analysis suggests 
that macro-prudential policies, and in particular lower re- 
gulatory loan-to-value ratios, are associated with a reduction 
in mortgage defaults. Finally, the results show that bailout 
policies were effective in reducing the default risk of banks, 
however they generated a risk transfer from banks to govern-
ments and amplified the bank-sovereign contagion channels 
in Europe.

Dit proefschrift onderzoekt de verschillende oorzaken van 
bankfragiliteit en de effectiviteit van relevante macropruden-
tiële instrumenten alsmede het bij het behouden of herstellen 
van stabiliteit in het banksysteem. De resultaten geven aan 
dat een hoge afhankelijkheid van marktfinanciering verband 
houdt met een lagere bankstabiliteit en dat de negatieve  
effecten worden versterkt door toenemende concurrentie.  
Het liquiditeitsrisico van banken loopt op naarmate bank-
en gevoelig worden voor bankruns. Daarom impliceert een 
kredietportefeuille met een hoge leverage een hoger alge-
meen risico, zelfs als het uit veilige activa bestaat. Vanuit 
een beleidsperspectief suggereert de analyse dat effectief 
macroprudentieel beleid, en met name lagere Loan to Value 
ratio’s, samenhangt met een daling van de hypotheekschuld. 
Tenslotte laten de resultaten zien dat bailout-beleid effectief 
was om het wanbetalingsrisico van banken te verminderen, 
maar het genereerde een risico-overdracht van banken naar 
overheden en versterkte de bank - overheden besmettings- 
kanalen in Europa.
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