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Abstract

The global financial crisis that began in the US as a subprime mortgage crisis in
2007 and quickly spread to the other side of the Atlantic, triggered a sovereign and
banking crisis in core and peripheral Eurozone countries. Government authorities and
monetary policymakers had a key role during this turbulent period in both sides of
the Atlantic, in stabilizing economic activity, strengthening the financial system
through credit policy measures, enhancing investment and improving financial

conditions.

Further research is needed for this controversial period. In this direction, this
dissertation consists of three essays. The first essay focuses on the implications of the
recent crisis on the dynamic causal interlinkanges between sovereign and bank credit
risk in the Eurozone. The second essay provides an alternative definition of the cost
of internal finance, calculates the cost differential between external and internal
finance and derives a measure of the equilibrium real interest rate in terms of the cost
of internal finance. Finally, the third essay examines the potency of the bank lending

and the balance sheet channels in the U.S. during the last two decades.

More specifically, the first essay examines the nexus between sovereigns and banks
during the recent crisis period, with a focus on the effects of the Private Sector
Involvement (PSI) program, the voluntary exchange program of Greek sovereign
bonds with private sector involvement. We investigate the effectiveness of the
program through its impact on credit default swaps of eight Eurozone countries and
twenty-one banking institutions, using daily data over the period January 2009 to
May 2014. Using linear and nonlinear causality analyses, we find that the link
between sovereign and bank credit risk weakened after the PSI, while the persistence
and magnitude of lead-lag interactions also declined in the same period. A
difference-in-difference model confirms this result. Our findings are also robust to
second moment filtering, with GARCH-BEKK residuals indicating the presence of
significant albeit declining nonlinear causal effects. We conclude that sovereign debt
restructuring initiatives, such as the PSI, could be an effective policy measure to ease
off pressure on the nexus between banks and their sovereigns, whereby unstable bank

balance sheets degrade the solvency of their sovereigns, and vice versa.
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In the second essay, we draw a conceptual distinction between the cost of internal
finance and the opportunity cost of internal finance, the latter being a fundamental
part of the definition of the external finance premium employed extensively in the
literature. We come up with an alternative definition of the cost of internal finance
and calculate its differential with the cost of external finance. We further investigate
the concept of the equilibrium real interest rate and measure it in terms of the cost of
internal finance, as the rate that would prevail in the long run after temporary shocks

in the economy have died out.

In the third essay, we quantify the amplifying effects of a monetary policy change
on real economic activity, due to the operation of the credit channel. These effects
are stronger in relation to the case where only the conventional interest rate channel
operates. We develop a theoretical framework, based on the Bernanke and Blinder
(1988) model, extended to incorporate imperfect substitution between internal and
external finance of firms. Our aim is to study the operation of the bank lending and
the balance sheet channels in the U.S. over the period January 1994 to June 2017, by
using aggregate data. By employing multivariate cointegration techniques and testing
appropriate restrictions on estimated equilibrium relationships, we provide evidence
that only the balance sheet channel is operational for the periods before and after the

global financial crisis.
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Iepiinyn

H moykdéoma ypnupotomctotiky kpion mov Eexivinoe otig HITA, ®g «pion
evumdnkwv oteyaosTik®v daveiov vyniod kivovvov to 2007 Kot ypryopa
eCamAdbnke ommv GAAN TAELPE TOL ATAOVTIKOV, TLPOSOTNGE MU0 KPOTIKN Kot
tpamellkn Kpion o€ KeEVIPIKEG Kol mePLpepelokés yopes ™ Evpawldwvng. Ot
KoPepvnNTIKEG  apyéG Kol ot QOpeic YApa&ng TG VOUICHOTIKNG  TOALTIKNG
S PapATIcOV KOUPKO pOAO KOTA T O1EPKELD AVTNG TNG TOPAYDIOVS TEPLOGOL Kot
oTlg 000 mAevpég TOL ATAOvVTKOD, Yo TN oTtafEPONOINCT TNG OIKOVOUIKNG
OpaCTNPLOTNTOG, TNV EVIGYVOTN TOL YPNUOTOTICTMOTIKOV GLGTHUATOS UECH HETPOV
TICTOTIKNG TOAITIKNG, TNV avénon tov emevdovcewv Kou T Peitioon tov

YPNLUATOOIKOVOUIKADV GUVONK®OV.

Amottelton mepotép® €PELVA YL TNV KATAVONGT OVLTNAG TNG OUOIAEYOUEVNG
nePLOdovL. Xg autnVv TV KatevBovvon, n dwrpiPr| amotereiton and tpia dokipe. To
TPMTO OOKIWIO EMKEVIPAOVETOL OTIC EXUTTOCELS TG TPOCPUTNG KPIoNG GTIC SOLVVOUIKES
aTOdEl oxéoelg petald kpatikolh kot Tpamelkod MOTOTIKOD KvoOVoL oTnv
Evpwldvn. To debtepo dokipio mapéyet €vav eVOAOKTIKO OpPoUd TOV KOGTOVG
ECMTEPIKNG YPNULATOOOTNONG, LITOAOYILEL TN S1APOPA LETAED TOV EEMTEPIKOV KO TOV
€0MTEPIKOD KOGTOVG YPNUOTOOATNONG Kot TPOGOopilel Eva LETPO TOL TTPOLYLOTIKOV
emrokiov ooppomiog pe Pdon to KOOTOG £06MTEPIKNG Ypnuatoddtnone. Téhog, to
tpito dokipo efetdler ™V oYL TOV KAVOAOV Tpomelikod davelsHol Kot

1ooAoyiopov ot HITA kotd ) didpkeia tov tedevtoiny 600 OEKOETUDV.

[T ovykekpéva, to mpmdto dokipo efetdlel 10 oyéon petad YOPOV Kot
Tpamel®V Katd TN OdpKeLD TG TPOSPUTNG KPIoNG, HE EUPAOCT) OTIS EMITTOGELS TOL
€BelovVTIKOD  TTPOYPAUUATOC  OVTOAAOYG EAMVIKOV KPOTIKOV OHOAOY®V e
coppetoyn tov Wwwtikov topéa (PSI). Meketodue TV OmOTEAEGUATIKOTNTO TOV
TPOYPAULOTOS HEGM TNG EMOPAONG TOV OTIG THEG TOV TOPAYDYOV OVTIGTAOONG
ToTOTIKOL Kivdvvov (CDS) oktd yopodv Kot €ikoct vog Tpomelikdv 1OpLUATOV TNG
Evpolovne, ypnoyonoudvtog nuepnola ototyeia Katd v mepiodo and lavovdplo
2009 é¢mwg Mdawo 2014. XpnollomoidvTos YPOUUIKES Kol U] YPOUUIKES OVOAVGELS
QLTIOTNTOGC, JMIGTMOVOLUE OTL 1] GYECT HETAED TOV TICTMTIKOV KIVOUVOL YMP®OV Kol
tpanelmv meplopiomke petd 1o PSI, evdd M gpupovy xkow m woydg TV

aAANAemdpdoemv eniong petmdnkay katd v dwa tepiodo. Ta amoteAécuato avtd
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emPePordvovral Kot pécm evog vrodetypatog difference-in-difference. Ta evpripatd
pog emaAnfevovrol emiong pEow TV KotoAoimwv evog vmodeiypotoc GARCH-
BEKK ta omoia odelyvouov v Omopén onuaviikdv, oV Kol HEOVUEV®OV, UN
YPOUUKOV oyécewv ontiotntoag. Katoaljyovpe 610 cuumépacpo 0Tt TpoTofovAieg
avadldpOpwong Tov dNUoOciov ypéovs, 6Tmg to PSI, Oa propodoav va amoteAésovv
€va amoTEAECUATIKO UETPO TOMTIKNG, TPOKEWEVOL va. apfAvvBodv ot mEcELg oTIg
oyxéoelg petald tpameldv Kol yopav, O0Tov ol aotadelg 1woloyiopol twv Tpameldv

vroBaduilovv n EepeyyLOTNTA TOV YOPOV TOVG KOl AVTIGTPOP®G,.

210 dgvTEPO JOKIHO TOPOLGIALOVIE IO EVVOLOAOYIKY] OAKPLon HETOED TOL
KOGTOVG E0MTEPIKNG YPNUATOOOTNONG KOl TOV KOGTOVG ELVKAPIOG TNG E0MTEPIKNG
YPNLOTOSOTNGNG, OOV TO OEVTEPO GLVIGTA BEUEMDOES LEPOG TOV OPIGLOD TOL TP
eEwtepknc ypnuortodotong (external finance premium) otn oyetkn BipAtoypaio.
[Tpoteivovpe €vav eVOAAOKTIKO OPIOUO TOV KOGTOLG EGMTEPIKNG YPTLATOSOTNONG
Kol vroAoyifovpe TN SPOPA TOV HE TO KOGTOG TNG EEMTEPIKNG YPNUATOOOTNONG.
AxoroVBwg mpocdropilovpe TV €vvolo TOV TPOYUOTIKOD ETITOKIOL 1GOPPOTING TO
omoio LETPOVUE e PACT TO KOOTOG E0MOTEPIKNG ypnuatoddtong. IIpoxettar ya to
eMTOKIO OV Ba EMKPUTOVGE POKPOTPODEGHO HETE TNV EEAAEYT TOV TPOCOPIVDOV

AVOTOPODV GTNV OIKOVOUIQL.

210 tpito SOKI{0, TOGOTIKOTOIOVUE TIG EVIGYVTIKEG EMIPAGELS UG OARAYNG TNG
VOUGUOTIKAG TOMTIKNG OTNV  TPOYUOTIK]  OIKOVOULKY  dpacTnpdtnta, mTov
opeilovtal otn Astrtovpyio. TOV MOTOTIKOV KOVAA0D. AvTég ol emdpdoelg ival
oYVPOTEPEC GE GYEOT UE TNV TEPIMTOON OV AELTOVPYEL LOVO TO GLUPOTIKO KOVAAL
0V emtokiov. Avomtucoovpe éva Bewpntikd mAaiclo, pe Pdon to poviéAo TMV
Bernanke kot Blinder (1988), mov emekteivetol MOTE VO EVOOUATOVEL TV OTEAN
VIOKOTAGTOOT  HETOED  €0MTEPIKNG Kot  €EMTEPIKNG  YPNUOTOdOHTNONG TV
EMYEPNOEMV. XTOYOG HaG efval va LEAETGOVUE TN AEITOVPYIO TOGO TOV KAVAALOD
Tpamelkod OOVEIGHOV OGO Kol TOv KovoAloh tsoroyiopov otig HITA, xoatd v
nepiodo amd tov lavovdpro 1994 £fwg tov lovvio 2017, ypmoyomoidvrog
OLYKEVTIPOTIKG  dedopéva. Me 1 Ponbeid  TOAVUETOPANTOV — TEXVIKOV
GUVOAOKANPMONG Kol EAEYYOVTOG TOVG KATAAANAOVE TEPLOPICHOVE OTIC EKTIUMUEVES
OoY£0€ELG 100PPOTHNG, OEiYVOLE OTL HOVO TO KOVAAL 1GOAOYIOHOD AELTOVPYEL YO TIG

TEPLOSOVG TPV KOl LETA TNV OLKOVOLLLKY| Kpiom.
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Introduction

The recent global financial crisis that started in the U.S. in 2007 as a subprime
mortgage crisis and expanded in Europe as a twin banking and sovereign debt crisis
had significant effects on the stability of the financial system, as well as, on the
financial strength of many European countries.

The increase in bank credit risk during the crisis period generated considerable
spillover effects on the sovereign sector -especially in Europe- that magnified the
results of the crisis. The close links among the Eurozone members and the joint
monetary and banking policy by the European Central Bank were conducive to the
increase of the potential contagion effects between sovereign and bank credit risk
during the last crisis period. Hence, it became imperative for policymakers and bank
regulators in the Eurozone to undertake initiatives to attenuate this causal relationship.
This would strengthen the stability of the financial system and improve the financial
conditions of the stressed European countries. As part of these initiatives, the
intervention of the official authorities aiming to reduce the Greek sovereign credit risk
before it turned to a systemic risk, through the implementation of the voluntary
exchange program of Greek sovereign bonds with private sector involvement (PSI),

contributed to this development.

In this context, the main aim of the first essay of this thesis is to study the
effectiveness of the PSI program by evaluating changes in the relationship between
banks and their sovereigns in Eurozone countries. For this purpose, we employ linear
and nonlinear causality methods. In particular, we use the daily credit default swaps
(CDS) of eight Eurozone countries and twenty-one banking institutions, over the
period January 2009 to May 2014, in order to capture changes in the presence and
direction of lead-lag causal relationships, before and after the PSI.

We divide the sample period examined into two subperiods, based on the date of the
announcement of the program (October 26th, 2011). To this end, we carry out a
battery of tests, including Granger and Hsiao causality tests, tests based on a
difference-in-difference model, supplemented by impulse response and forecast error
variance decomposition analysis to examine the lead-lag causal relationships between
the CDS spreads in a linear framework. The results explicitly reveal that there are

strong bidirectional causal effects between sovereign and bank CDS spreads, in the
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period before the PSI. However, the spillover effects between the CDS series in the
post-intervention subperiod appear to have weakened, especially those that arise from
the bank CDS to the sovereign CDS spreads. Likewise, impulse response analysis
shows significant unidirectional causal effects from sovereign credit spreads to the
corresponding banking sector credit spreads in the first subperiod, while in the second
the magnitude and the persistence of these lead-lag causal relationships are much
lower. Additionally, the strong causal effects running from the Greek sovereign CDS
to bank CDS of the other Eurozone countries in the period before the PSI have
weakened in the following period. Forecast error variance decomposition results are
moving in the same direction. The results of the difference-in-difference model
confirm the above indications. Furthermore, we conduct the linear Granger causality
test on the estimated residual series that are obtained from the initial vector
autoregressive or vector error correction models, in order to eliminate any potential
linear causal dynamics. The linear causal linkages have almost been eliminated in
both subperiods. This indicates that the initial causal effects between the CDS series
are attributed to first moment effects.

In a different methodological approach that has not been used before in the relevant
empirical literature, we apply a nonlinear econometric procedure, based on the non-
parametric Diks and Panchenko (hereafter D&P) (2006) Granger causality test.
Nonlinearities in the transmission mechanism across countries and banks are expected
during turbulent periods while significant structural changes are potential sources of a
nonlinear causality pattern between them. We consider that the extension of causality
tests to a nonlinear framework contributes to better examination of the causal
interactions between the CDS time series, capturing more sufficiently, the
unpredictable and abnormal variations that occurred in CDS markets under crisis

conditions.

We find significant empirical evidence for the existence of a nonlinear structure in
the relationship between sovereign and bank CDS series. More specifically, the D&P
test results are equivalent to the corresponding linear results in both subperiods.
However, we observe that the nonlinear results indicate additional Granger causal
relationships that are not captured from the linear causality tests. The implementation
of the D&P test on the filtered residuals -after performing first and second moment

filtering- confirm the existence of a weak nonlinear causal interrelationship between



the CDS series in both subperiods, although the number and the persistence of these
causal relationships are reduced, especially in the second subperiod. The existence of
causal relationships between the volatility-filtered series (GARCH-BEKK filtering)
verifies that the nonlinear causal linkages between the CDS series are not only due to
simple volatility spillover effects. We notice that the nonlinear causality tests can
capture higher-order causal relationships between the CDS series, by explicitly
accounting for increasing bouts of market uncertainty (second moment effects), that

cannot be captured in a linear framework.

We observe that the dynamic causal relationships between sovereigns and banks, in
terms of magnitude and persistence, weakened after the PSI. Linear and nonlinear
causality tests, both in terms of raw and filtered data, provide consistent results. Thus,
we conclude that the PSI was successful in weakening the nexus between Eurozone

banks and sovereigns.

The other two essays bring us to monetary transmission channels, and in particular
to the two components of the credit channel, namely the bank lending channel and the
balance sheet channel. The understanding of monetary transmission channels by the
monetary authorities is crucial in order to adopt the appropriate policy responses that
will contribute to financial stability and growth of the real economy. The bank lending
and balance sheet channels operate in an environment of imperfect capital markets in
which information asymmetries play an important role. Under conditions of imperfect
capital markets, alternative forms of external finance (loans and bonds) are imperfect
substitutes for firms and/or banking institutions (bank lending channel), while internal
finance (retained earnings) and external finance (equity, loans, debt) are imperfect
substitutes for borrowers (balance sheet channel). These conditions reinforce the
effects of monetary policy on the real economy, beyond the effects that are attributed
to the conventional interest rate channel. For this reason, it is believed that the above
imperfections have contributed during the recent crisis period to the reinforcement
and propagation of the adverse effects of the crisis to real economic activity. Thus, it
is crucial to assess the importance of the monetary policy transmission channels and
quantify their impact on the real economy. This is done in the third essay, following
the second essay that delves into the concept of the cost of internal finance and into
that of the equilibrium real interest rate, which is expressed in terms of this cost

variable.



The cost of internal finance is a relevant variable for the balance sheet channel, so in
the second essay we provide an operational definition that differentiates it from the
ambiguous sense of the opportunity cost of internal finance which is used extensively
in the empirical literature, but also from the cost of equity capital, given that equity
capital constitutes an external source of corporate finance. The cost of internal finance
is used for the specification of the external finance premium. This premium is defined
in the literature as the difference between the cost of external finance and the
opportunity cost of internal finance, assuming imperfect substitution between these
two sources of finance due to capital market frictions. Because there is a cost for
lenders to overcome these imperfections, this cost should be passed over to borrowers.
Therefore, this approach implies that the cost of external finance should be higher
than the cost of internal finance. The higher the dependence on external financing is,

the stronger the effects from the operation of the balance sheet channel are.

The cost of internal finance is specified by using the return on retained earnings to
firm owners. The (real) cost of retained earnings for a firm in a given period is
defined as the sum of the flow of retained earnings and the depreciation flow of this
period as a percentage of retained earnings. In this case, the external finance premium
is now defined as a cost differential between external and internal finance, which

retains the countercyclical property of the external finance premium.

In addition, we use our definition of the cost of internal finance in order to estimate
an alternative measure of the equilibrium real interest rate (or natural rate of interest)
that is based on a single-variable method. This rate can be considered as the
hypothetical (real) cost of internal finance that would prevail in the long run after
temporary shocks affecting the economy have died out. We focus on the steady state
values of the real interest rate and we specify the equilibrium real rate as the ratio of
the depreciation flow, i.e. the amount of earnings required to finance capital
consumption in equilibrium, to the stock of retained earnings, over a period which, as

indicated, is sufficiently long to allow the effects of shocks to die out.

In the third essay, we use the definition of the cost of internal finance that was
introduced in the previous essay, in order to examine empirically the operation of the
credit channel in the U.S. for the period from 1994:Q1 to 2007:Q2. The credit channel
that works complementary to the interest rate channel, is distinguished into its two

components: the bank lending channel and the balance sheet channel.

4



For our purpose, we develop a model, based on the Bernanke and Blinder (1988)
model that allows us to test the operation of the two components of the credit channel
simultaneously, by assuming imperfect substitution between forms of external finance
(loans and bonds), and between internal and external finance of firms. Also, through
this theoretical framework, we are able to calculate the magnifying effects of a
monetary policy shift on real economic activity when the bank lending and balance
sheet transmission channels are in operation. We show that the effect of a monetary
policy shift on total output is greater when these two channels are operational, in
relation to the effect when only one of the balance sheet or the interest rate channel is

active.

Further, we use multivariate cointegration techniques to identify the equations of our
model as equilibrium relationships (cointegrating vectors) among the aggregate time
series of our sample. We impose and test a number of appropriate over-identifying
restrictions on the structural parameters according to specific theoretical assumptions,
which are linked with the operation of the bank lending and balance sheet channels.
The results of the stability tests indicate abnormal variations in 2008:Q4, a breakpoint
that coincides with the onset of the US financial crisis. Therefore, we study the
operation of the credit channel in the pre- and post-crisis periods. The results provide
no evidence for the operation of the bank lending channel in any of the two
subperiods. Only the balance sheet channel seems to be part of the monetary

transmission mechanism for the whole sample period.






Essay 1

The nexus between sovereign and banking risk in the
Euro area: The PSI effect

1.1. Introduction

The global financial crisis that began in the US as a subprime mortgage crisis in
2007 and quickly spread to the other side of the Atlantic, triggered an economic and
banking crisis in parts of the European Union coincident with a sovereign crisis in
parts of the European periphery, most notably in Greece. Banks, which in the years
before the crisis, had taken considerable if not excessive risks to expand size and
scope in the quest for higher profits, were confronted with adverse pressures incited
by a dramatic reduction of liquidity in the interbank money market. With continuing
financial market turbulence, falling lending volume, rising defaults, compounded by
exposures to distressed sovereigns, European banks found it even more difficult to
remain profitable, if not viable in the post-crisis period. Consequently, stronger
emphasis was placed on economic support from Government to the banking sector.™?
While the ECB’s newly established long-term-refinancing-operations (LTRO)
program was providing some financial sector relief, nagging concerns were raised

about the interconnectedness of Eurozone governments with their banks — a situation

! Especially, countries, such as Spain and Ireland, received intense pressure in the first stages of the
crisis, due to the need to support their banking systems. The property crash also affected the broader
economy and many banking institutions went bankrupt caused by the huge amount of mortgage loans
granted.

2 Alter and Schuler (2012) classify government assistance programs to the financial sector into four

categories: "capital injections, guarantees for banks liabilities, asset support programs, and deposit
insurance”.
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that looked set to be further embedded, given how many banks had been willing
subscribers to the politicians’ view that the LTRO money should be invested in

sovereign debt.** The financial crisis soon turned into a fiscal crisis.

Addressing sovereign solvency problems is much more complex than corporate
solvency, since sovereigns cannot be liquidated. And sovereign debt restructuring is
more likely to have major repercussions for both the borrower and creditor
economies, as evident by international experience beset with disorderly sovereign
debt restructuring episodes.” In this study, we set out to assess the extent and direction
of the relationship between banks and their sovereigns in Eurozone countries during a
crisis.® More specifically, we focus on the effects of the Greek sovereign debt crisis

around a specific event, namely, the 2011/2012 Greek debt restructuring program.

Admittedly, Greece is the Eurozone country which faced the most severe problems
since the onset of the financial crisis.” The country's potential insolvency would
directly affect banks and other creditors with significant exposures to Greek sovereign
debt, raising the probability of transmitting risk to private creditors and countries, e.g.
a Greek default could trigger ‘runs’ on other euro sovereigns and their banks, while
widening the spreads of sovereign and bank Credit Default Swaps (hereafter CDS).
Normally, we would expect that during a financial crisis an increasing share of the
variability of sovereign credit risk to be explained by bank credit risk (e.g. see
Lahmann, 2012; Vergote, 2016). However, Greece is different insofar the trouble

¥ See The Economist (2011).

* Increasing holdings of public debt resulted in the deterioration of bank balance sheets, which coupled
with the flight of significant amount of capital, owing to the collapse of investors' confidence in the
banking sector, added further pressure to banks.

® See Bini Smaghi (2011) who also points out that debt workouts in the public sector are quite different
involving not only financial but also political and social adjustment costs.

® paltalidis et al. (2015) provide evidence that sovereign credit risk is the primary source of systemic
risk in the Eurozone countries through its effects on the banking system.

" The Greek crisis became public in October 2009 after the newly elected centre-left government
announced that public finances were far worse than previously thought with the 2009 budget deficit
forecast revised upwards from 3.7% (April) to 12% (October) and eventually to 15.6% of GDP,
boosting public debt to more than 120% of GDP. By late 2010, it had become fairly clear that any
hopes of debt sustainability had quickly evaporated, and at the October 2010 Deauville Summit, the
leaders of France and Germany put forth a proposal for the creation of a permanent crisis resolution
mechanism inclusive of a sovereign debt restructuring process with the participation of the private
sector. While the intent of the new plan was to prevent contagion spreading among Eurozone countries
in the event of an ensuing debt crisis by one of the weaker members, the announcement increased
turmoil in the financial markets with European periphery bond spreads rising sharply, as investors
fretted over wider Eurozone sovereign debt haircuts amidst dismal Eurozone growth prospects.
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started from public finances and then moved on to banks. This means we would
expect price discovery to move from sovereign to bank CDS recognizing the potential
costs of contagion were not limited to the loss of Greek assets only. Countries with
weaker banking sectors and public finances (e.g. Ireland, Italy, Portugal and Spain)

were particularly vulnerable to contagion.

A series of important measures were put in place during the crisis, aimed at
reducing country-specific credit risk, systemic credit risk in the Eurozone, and the
strong nexus between sovereign and bank credit risk. Among these measures,® was the
program of the ‘voluntary’ exchange of Greek bonds with the participation of the
private sector (Private Sector Involvement-PSI-10/2011). The program was unique in
several respects owing to (1) its magnitude setting a new record of restructured debt
volume and ensuing creditor losses, surpassing the previous mark set by the default
and restructuring of Argentina in 2001 and 2005; (2) limited experience in settling
sovereign CDS contracts; (3) the credit event occurring after the bond exchange rather
than being triggered by an outright payment default; (4) the unusual design of the
package of securities offered to investors. The latter comprising a large amount of
near-cash EFSF (European Financial Stability Fund) notes, a large number (20 new
bond issues under English-law) across a long maturity range, including the 2042
maturity bonds that were ultimately used for CDS settlement (see Zettelmeyer et al.,
2013). The entire process, however, was fraught with anxiety, many arguing (e.g. Bini
Smaghi, 2011) that there would be no such a thing as an orderly debt restructuring.
Adding to this, was the fear that the triggering of CDS contracts would lead to
bankruptcies of financial institutions that had written CDS protection similar to what
happened earlier on with the collapse of financial institutions in the US that provided

CDS protection on CDOs backed by subprime loans (see Gelpern and Gulati, 2012).°

& Other significant measures in this direction were the following: (a) the unlimited purchase of
government bonds by the ECB from the secondary market, for the countries having recourse to the
support mechanism (Outright Monetary Transmission (OMT) program-09/2012), (b) the impairment of
the private deposits in Cyprus (03/2013), (c) the significant reduction of the interest rates by the ECB
(09/2014), which aimed primarily at reducing the credit risk of Eurozone countries and banks, (d) the
Single Supervisory Mechanism (SSM), which reinforced the monitoring role by ECB (11/2014), (e) the
Emergency Liquidity Assistance (ELA) program, in order to cover the needs of a liquidity-constrained
banking system, and (f) the Long-Term-Refinancing-Operations (LTROs).

° Contagion fears were reinforced in January 2012, as it became apparent that the exchange was
unlikely to be purely voluntary. Taking advantage of the fact that most of the debt (about 86 percent)
was issued under Greek law, the Government enacted the Greek Bondholder Act in February of 2012,
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The official aim of the PSI was to provide debt relief for Greece, with the objective
of reducing the debt to GDP ratio to 120 percent by 2020, by transferring part of the
debt burden to the private sector'* and consequently to private financial institutions,
which held a significant amount of Greek public debt in their portfolios. The program
was perceived as a strong signal from the International Monetary Fund (IMF) and the
European authorities to the private sector, that fully funded bailouts of banks and their
sovereigns were no longer tolerable. However, the ‘voluntary' participation of the
banking sector to the PSI program had important consequences for their capital
adequacy ratios because of the replacement of the Greek government bonds that they
held in their portfolios, with new ones, whose nominal value was greatly reduced.'
The situation exacerbated bank credit risk pressure as banks were forced to raise
capital at higher cost to offset their investment portfolio losses, commensurate with

the rise of sovereign credit risk.*?

with a retroactive collective action clause to enable two-thirds investor majority to approve the debt
swap deal (amounting to a 53.5 percent nominal haircut) for the entire share of about EUR 206 billion
Greek government bonds held by the private sector.

% Euro Summit Statement of October 26, 2011.

! The press release of the Hellenic Ministry of Finance on February 24, 2012, specifies, in detail, the
terms of the PSI program. The new bonds would, necessarily, be governed by English law.
Specifically, "the exchange offers and/or consent solicitations will permit private sector holders to
exchange bonds selected to participate in PSI for:

(i) new bonds to be issued by the Hellenic Republic on the PSI settlement date having a face amount
equal to 31.5% of the face amount of their exchanged bonds,

(if) European Financial Stability Facility notes with a maturity date of two years or less from the PSI
settlement date and having a face amount equal to 15% of the face amount of their exchanged bonds,
and

(iii) detachable GDP-linked securities issued by the Hellenic Republic having a notional amount equal
to the face amount of each holder’s new bonds.

On the PSI settlement date, the Hellenic Republic will also deliver short-term EFSF notes in discharge
of all unpaid interest accrued up to 24 February 2012 on exchanged bonds. The Hellenic Republic will
not, however, deliver any EFSF notes to holders in the United States of America, who will instead be
paid the cash proceeds realized from the sale of the EFSF notes they would otherwise have received. "

12 There was a significant rise of the sovereign CDS spreads of Greece, as well as those of Ireland,
Italy, Portugal and Spain following an announcement at the Euro Summit of 21 July, 2011 that the
ECB would not participate in the voluntary PSI program involving an estimated net contribution of
EUR 37 billion by banks and insurance companies.

3 An important element in the program was a promise by the Eurogroup to compensate through
recapitalizations Greek banks for their PSI losses, thereby avoiding a major banking crisis in Greece
which was more than likely to emerge since Greek banks had already suffered losses of about EUR 38
billion or about 170 percent of their total Core Tier I capital in 2011.
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We study dynamic causal interactions between sovereign and bank CDS spreads
during the period of the Eurozone sovereign debt crisis. Specifically, we investigate
the lead-lag relationship between sovereign and bank credit risk of 8 Eurozone
countries and 21 banking institutions during the period January 2009 to May 2014,
paying particular attention to the causal effects of the PSI program. For this reason,
we split the sample period around the formal announcement of the program on 26
October 2011. The Chow breakpoint test shows that the date of the PSI announcement
is a significant structural break in the data, supporting our choice to divide the sample
period based on the event date. Using different econometric techniques, we address
the following questions. Was the PSI program effective in mitigating the nexus
between banks and their sovereigns? Were such effects more pronounced in the causal
relationship running from Greek sovereign CDS to bank CDS? Which countries were

more vulnerable?

The uncertainty that prevailed in the European financial markets during the crisis
period had major effects on sovereign and bank CDS spreads. The announcement of
the PSI was a major shift in policy, albeit its effects were uncertain at the time
rendering the relationship between spreads to be quite complex and likely nonlinear,
recognizing nonlinearities in the transmission mechanism across countries and banks
are expected during turbulent periods.** Adding to the uncertainty were concerns
about the mere size of the Greek PSI program, lack of experience (the first time a
major sovereign debt restructuring program being managed away from Washington
DC), and complications arising from time delays and amendments to the program
from a preliminary version put forth in July 2011, to the formal announcement in

October 2011, and the final agreement in February 2012.

We follow a step-by-step procedure to test empirically linear and nonlinear causal
relationships between the sovereign and bank CDS series. First, we assess linear
causality between sovereign and bank CDS spreads for the periods before and after
the PSI program, utilizing Granger and Hsiao causality tests combined with Impulse
Response and Forecast Error Variance Decomposition (FEVD) analysis. For
robustness, we also employ a difference-in-difference model, to study the causal
relationships between the sovereign and bank CDS premiums over the full sample

period. Second, we assess nonlinear causal effects between the CDS series in both

14 See Brunnermeier and Oehmeke (2009) and Brunnermeier and Pedersen (2009).
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subperiods applying the nonlinear dependence BDS™ test and the non-parametric
D&P (2006) causality test. In addition, we perform nonlinear causality tests on VAR-
or VEC- filtered residuals, thereby removing systematic linear causality patterns from
the data. This enables us to check if any observed causality is strictly nonlinear (see
Bekiros and Diks, 2008). GARCH effects are a potential source of nonlinearities
between the CDS series, which in turn may affect the robustness of causality tests.'®
We filter out autoregressive conditional heteroskedasticity using a bivariate GARCH-
BEKK (1,1) model and re-run the non-parametric causality test using standardized
residuals.’” Our aim is to capture higher-order causal relationships by using volatility-
filtered series, so that we are able to ascertain if nonlinear causal relationships in the
data persist after second moment filtering rather than being driven purely by volatility
spillover effects.

Our tests reveal significant linear and nonlinear dynamic causal relationships
between the CDS series. We find causal effects to be bidirectional in the majority of
cases, especially during the first period, and this finding is preserved as we move from
linear to nonlinear causality testing. We observe a public-to-private risk transfer
consistent with the aim of PSI. In particular, we find that the strength of both linear
and nonlinear causal effects between banks and sovereigns appears to ease-off in the
period following the implementation of the PSI program. Moreover, we observe that
volatility spillovers underpin the nonlinear Granger causal relationships. However, the
interconnectedness between the series persists after first and second moment filtering.
This implies that any nonlinear causal linkages between the CDS series are not solely
due to volatility effects. We conclude that the PSI appears to have had some success
in containing the nexus between sovereign and bank credit risk during the sovereign

crisis.

This study contributes to the existing literature in two directions: First by applying a
more comprehensive econometric approach comprising linear and nonlinear causality

tests to analyze the nexus between banks and sovereigns, and second by providing

> Brock, Dechert, Scheinkman and LeBaron (1996).

6 D&P (2006) contend that the existence of conditional heteroskedasticity in the data may lead to
spurious causality test results recognizing that causality maybe be confounded by conditional volatility.
" Many financial series are characterized by time-varying conditional variance exhibiting clustering,
especially series measured at higher frequencies. As we use daily data on sovereign and bank CDS
spreads, it is prudent that we control for GARCH effects.
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new empirical evidence on the relationship between sovereign and bank credit risk in
view of an important policy intervention, the PSI effect. The nonlinear econometric
framework extends previous research by capturing the complex interlinkages between
the CDS series during a period of highly volatile conditions. Specifically, we examine
if a significant event, such as the PSI program has affected the linear and nonlinear
interconnections between sovereign and bank credit risk. We provide evidence that
the nexus between sovereigns and their banks weakened rather than amplified after
the implementation of PSI. This finding is important since widely held views at the
time were very pessimistic about the outcome of the program. A similar tool could be
used in future crises by policy makers, in order to minimize the contagion effects
between sovereign and bank credit risk contributing to sovereign creditworthiness and
financial stability.

The remainder of the essay is structured as follows. Section 2 reviews the existing
literature on the relationship between sovereign and bank credit risk leading to the
development of our main testable propositions. Section 3 describes the data. Section 4
presents the methodology, while Section 5 discusses the empirical results. Section 6

summarizes the main conclusions.

1.2. Literature review and hypotheses development

Since the global financial crisis, much empirical research in cross-country studies
has focused on the relationship between sovereign and bank credit risk. The
consensus is that this relation has developed beyond a simple local affair into

interdependence and contagion between countries and banks.

Contagion is an elusive concept with several definitions on offer in the literature.'®
The World Bank, for example, regards that contagion occurs when transmission of
shocks between countries increases in times of crisis, compared to the corresponding
transmission in tranquil periods.™® Constancio (2012) defines financial contagion as a
situation in which instability in a specific market or institution is transmitted to one or

several other markets or institutions, with the transmission process causing non-

'8 In the empirical literature a number of different methodological approaches have been employed for
testing contagion, including cross-market correlation analysis, VAR models, conditional probability
models, volatility changes, probit models, principal components, latent factor models, among others.
Dungey et al. (2005) provide a detailed review of different methods used to identify contagion.

19 www.econ.worldbank.org.
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expected, abnormal relationships between markets or intermediaries. In the same vein,
Forbes and Rigobon (2002) define contagion as an extraordinary increase in cross-
market linkages after a shock to one country or a group of countries. In the case where
the co-movement remains stable after a shock in relation to a tranquil period then any
increase in the correlation between two markets or economies is due to the existence
of interdependence. In this case, the transmission mechanism is driven by market

fundamentals.?°

Since we focus solely on a crisis period, it is reasonable to assume that there has
been already a structural change in the transmission process.?! Hence the question is
one of degree and scope, viz. whether contagion risk was heightened and widened
across countries and banks in the transition from the financial to the sovereign crisis
(e.g. as a result of a shift from a bad equilibrium before PSI to another bad
equilibrium after PSI). As in Sander and Kleimeier (2003), we use a narrow definition
of contagion focusing on changes in the presence and direction of causality during
different phases of a crisis, while maintaining the assumption that multiple equilibria

may exist.

Masson (1998) contends that a crisis in one country or market could influence
investors’ expectations causing contagion effects and spreading the crisis to another
country or market due to a shift from a good to a bad equilibrium. These expectations
are not driven by changes in macroeconomic fundamentals - as may be the case under
a good equilibrium - but emanate from uncertainties about multiple equilibria. Based
on this approach, contagion arises when self-fulfilling beliefs about bad equilibria
locally are diffused to other countries or markets, with contagion effects expected to
be more pronounced in countries or institutions with weaker economic fundamentals.
This is arguably the case in Greece where both the sovereign and its financial
institutions were in serious trouble because of rapidly worsening economic
conditions, whereby a bad situation was getting worse because of loss of confidence

and increasing investor risk aversion.

2 Corsetti et al. (2005) contend that contagion arises due to financial panics, herd behavior, or as
investor expectations shift across instantaneous equilibria.

21 As evident from the sharp rise of CDS spreads and their volatility in the European periphery which
may be difficult to reconcile on the basis of fundamental drivers, recognising that economic conditions
(i.e. market fundamentals) in the majority of these countries were only changing gradually (Delatte et
al., 2014).
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During normal times, we would not expect a strong relationship between bank and
sovereign CDS, with the causality more likely to run from bank CDS to sovereign
CDS rather than the other way around. However, this is likely to change during crisis
periods, especially with increasing incidence of stress in the banking system coupled
with weak fiscal fundamentals. A host of studies provide evidence on the nexus
between banks and their sovereigns. Ejsing and Lemke (2011) investigate default risk
of sovereigns and banks for 10 Euro area countries. They identify significant public
and private risk transfer, using a common risk factor (the iTraxx index of non-
financial CDS premia). They find that bank CDS spreads decrease, while the
corresponding sovereign CDS spreads increase following the announcement of bank
rescue packages. Similarly, Alter and Schiiler (2012) analyzing CDS spreads of six
Eurozone countries and their domestic banks find that in the period before the bailout
of financial institutions, sovereign credit risk is driven mainly by bank credit risk.

However, this result is reversed in the period after the bailout of the banking sector.

Acharya et al. (2014) examine causal effects between sovereign and bank credit risk
of Eurozone countries during the period 2007 to 2011. They find that the greatest
concern stems from cross-border bank exposure to private sector risk. They also
report that bank rescue packages reinforce the interconnection between bank credit
risk and the corresponding sovereign risk, as sovereign CDS spreads rise while bank
CDS fall. Kallestrup et al. (2016) show that there is a significant unidirectional causal
relationship from exposures of domestic banks to foreign sovereign CDS premiums.
Dieckmann and Plank (2012) highlight the private-to-public risk transfer in 18
European countries that have taken stringent measures during the crisis to restore
financial stability. They point out that the risk transfer is greater for countries with
larger exposures to their financial system in the pre-crisis period, particularly

countries that are members of the European Monetary Union.

In contrast, Demirguc-Kunt and Huizinga (2010) highlight the reverse risk channel
from sovereigns to banks using an international sample of banks. They find that bank
CDS spreads in fiscally strapped countries rose remarkably during the financial crisis,
and this occurred because these countries were deemed fiscally weak to safeguard
financial stability. Lahmann (2012) also provides evidence of interdependence
between sovereign and bank credit risk at a global level for the period October 2005

to April 2011. He shows that, after the outbreak of the debt crisis, interactions
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between CDS spreads have intensified, with the effect of bank risk on sovereign risk
becoming stronger as countries become increasingly exposed to the contingent

liabilities of the banking sector.

In a recent study, Yu (2017) using a sample of 11 European countries and 26
commercial banks from 2006 to 2012 finds no significant interaction between
sovereign and bank CDS spreads in the period before the financial crisis. However,
the causal effects become significant after the onset of the subprime crisis. She
provides evidence that a sovereign default is likely to cause a banking crisis; while on
the other hand, bank guarantees and taxpayer funded bailouts may cause a sovereign
debt crisis. She concludes that before the bankruptcy of Lehman Brothers, bank CDS
spreads were the leading factor influencing sovereign CDS spreads, while during the

Eurozone debt crisis, sovereign CDS spreads assume this role.

Alter and Beyer (2014) use generalized impulse response functions to examine the
interdependence between European sovereign and bank credit markets. They form a
contagion index to capture the spillover effects between sovereigns and banks in the
Eurozone. They show that during the sovereign debt crisis, the interaction between
CDS spreads increases significantly, while policy interventions diminish the spillover
effects between sovereigns and banks. Similarly, Vergote (2016) applies Granger
causality tests to study the spillover effects between sovereign and financial credit risk
in the Euro area based on fair-value CDS spreads. He constructs a time-varying
contagion index that controls for common factors. He shows that there are significant
feedback causal effects between sovereigns and financial institutions. However, the
spillover effects from sovereigns to financial institutions are reduced, after policy
interventions aimed at confronting the European sovereign crisis. On the other hand,
the effects from the financial sector to the sovereigns are not diminished, despite

banking sector reform.

Drawing on previous evidence on public to private risk transfer coupled with the
complexities and uncertainties surrounding the PSI program, we set forth to assess

empirically the following propositions:

P1. The nexus between sovereigns and their banks is expected to be stronger in the

period after the PSI announcement.

More specifically, we would expect:
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Pla. Causality to run stronger from sovereign to bank CDS after PSI;

Plb. The effect under Pla to be more pronounced in countries with weak fiscal

fundamentals.

However, an argument can be made in support of the PSI, recognizing that well
designed and well supported debt restructuring programs may be successful in
reducing market uncertainty and hence the nexus between banks and their sovereigns.
Admittedly, Greece had reached a point of distress making a default almost
unavoidable with the overriding question being one of collateral damage inflicted on
private creditors, mainly financial institutions, but also on other sovereigns through
contagion. With Italy and Spain dragged into the crisis by mid-2011, decisive action
was imperative to deal with an increasingly dire situation. While not problem free, the
PSI program was embedded with sufficient sweeteners to creditors to make best of
what was feasible under the circumstances, avoiding the financial collapse of Greece
while minimizing risks to other sovereigns (Zettelmeyer et al., 2013). Following from

this, a competing proposition may be stated as:
Plc. The nexus between banks and their sovereigns will be weaker after PSI.

Note we are not suggesting that CDS spreads will be lower in the immediate period
following the PSI announcement, irrespective of whether the program is ultimately
deemed to be successful or not. We recognize that there is high degree of uncertainty
surrounding a major debt restructuring initiative, from its announcement to the period
immediately after its implementation. With the benefit of hindsight, the program was
successful in achieving 96.9 percent participation on the total nominal debt amount, in
part as a result of attractive terms such as a near cash offer of EUR 15 billion in short-
term EFSF securities, an upgrade of governing law with new bonds of varied
maturities issued under English rather than Greek law, and more importantly a co-
financing agreement with EFSF which in essence meant that it would not be possible
for Greece to default on the new bonds without at the same time defaulting on the
EFSF loan. An added feature to the program, and one that would enhance greater
creditor participation was a clause ascertaining that no CDS would be triggered before
the bond exchange was initiated.??

22 According to Coudert and Gex (2013), the main reasons for this “bloodless” settlement were the
following: the arrangement concerned only the net positions of the investors, protection sellers did not
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The above propositions focus on the dynamics of the relationship between
sovereigns and their banks, exploring differences, if any, they may exist across
different countries. The next set of propositions focus specifically on the effects of
Greek sovereign risk on European banks risk. Previous studies, e.g. Tamakoshi and
Hamori (2013) analyze causality between the CDS index of the banking sector of the
Eurozone and the sovereign CDS spreads of Greece, for the period of 2008 to 2011.
Before the debt crisis, they identify unidirectional transmission of credit risk from
bank CDS to the sovereign CDS spreads of Greece. However, during the crisis, the
situation is different as there is a significant influence of Greek sovereign CDS
spreads on bank CDS. Similarly, Bhanot et al. (2014) find that an increase in Greek
sovereign yield spreads during the turbulent crisis period had significant spillover
effects on the financial sectors of different Eurozone countries. Drawing on such
evidence in tandem with the uncertainties surrounding the PSI program, we set forth

to assess empirically the following propositions:

P2a. Causality from Greek sovereign CDS to bank CDS spreads is expected to be

stronger after the PSI program announcement.

P2b. Causality under P2a will be stronger for countries with weaker fiscal

fundamentals.

A competing proposition views PSI as a window of opportunity for placing Greek
debt on a more sustainable footing. Hence an alternative proposition may be stated as:

P2c. Causality from Greek sovereign CDS to bank CDS spreads is expected to be

weaker after PSI.

The majority of studies in the empirical literature use parametric linear Granger
causality tests based on VAR models to examine the causal linkages between
sovereign and bank credit risk. However, nonlinear feedback relationships are likely
to be more pronounced during financial crises.?® Nonlinear causality tests have been
developed by Baek and Brock (1992), and modified by Hiemstra and Jones (1994)

have extra demands as guarantees for this settlement due to regular margin calls, bond-holders were
compensated for their shortfalls by protection sellers to the face value of their bonds.

% Brock et al. (1991) contend that nonlinear causality tests are able to detect the existence of higher-
order causal relationships between the series, in contrast to those solely focusing on the conditional
mean, such as the linear Granger causality test. This is important since linear causality tests may
incorrectly identify a unidirectional relationship between two series when in fact the relationship may
be nonlinear and bidirectional (see Hiemstra and Jones, 1994).
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(hereafter H&J) to allow each series to exhibit weak temporal dependence. Diks and
Panchenko (2005) show that the H&J test tends to over-reject the non-causality null
hypothesis, since it does not take into account the possible variation in conditional
distributions under the null, especially when the size of the sample increases and
bandwidth values are low. In a follow up paper, D&P (2006) propose a non-
parametric causality test as a modified version of the Baek and Brock (1992) and H&J

tests.

Dajcman (2015) investigates nonlinear interdependence between sovereign bond
markets in the Eurozone during the European sovereign debt crisis using the D&P
nonlinear Granger causality test. The results show that there are significant linear and
nonlinear causal effects between the time series for the period before the crisis, while
spillover effects decline in the period after the onset of the sovereign debt crisis. Chen
et al. (2013) apply linear and nonlinear Granger causality tests - both H&J and D&P
tests - to study the causal relationship between banks and insurers in the U.S. for the
period 2001 to 2011, focusing on the systemic risk of the insurance and banking
sectors. Despite the fact that they initially observe significant causal relationships
between the CDS series, the findings vary when they adjust the data for conditional
heteroskedasticity. They find that the effects of banks on insurers are now longer and

stronger than the corresponding effects from insurers to banks.

Caporin et al. (2013) use sovereign CDS spreads to study nonlinearities in the
transmission of sovereign credit shocks in the Eurozone. Applying nonlinear, quantile
and Bayesian quantile regressions that allow for heteroskedasticity, they find no
evidence of change in the intensity of the transmission of shocks since the onset of
global financial crisis. They interpret this finding as absence of sovereign risk
contagion among Eurozone countries recognizing their sample period ending just
before the PSI announcement, may not be long enough to identify significant changes
in the propagation mechanism.** Amisano and Tristani (2011) study nonlinearities in
the transmission of sovereign credit risk in the Eurozone using a regime-switching
model over the period January 1999 to December 2010. Their model captures

abnormal variations of sovereign yield spreads after a shift from a ‘normal’ to a

% Kenourgios et al. (2011) based on an alternative methodological framework use a multivariate
regime-switching Gaussian copula model and the asymmetric generalized dynamic conditional
correlation (AG-DCC) approach, in order to capture nonlinear cross-country contagion effects.
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‘crisis’ regime. They find that the probability of entering the crisis regime increases
when a country’s fiscal position worsens, and this increase is amplified by contagion

mainly driven by an increase in market risk aversion.

Billio et al. (2012) apply bivariate linear and nonlinear Granger causality tests and
principal component analysis using monthly stock returns of hedge funds,
brokers/dealers, insurance companies and banks, to model the diffusion of the
systemic risk during the financial crisis. They find significant causal linkages among
the different financial sectors. Furthermore, they model the interconnectedness among
countries, banks and insurance institutions in a multi-country framework, by using
credit spreads. Based on contingent claim analysis and network measures, they show
that there are significant dynamic interactions among sovereigns, banks and insurance
companies during the global financial crisis and the European sovereign crisis.
However, the effects arising from sovereigns to banks and insurers are more

significant during the European sovereign debt crisis.

Recognizing the nonlinear structure in bank and sovereign CDS spreads, we assess
empirically the following propositions:

P3. Nonlinear causal interlinkages between sovereign and bank CDS are expected to
be amplified after PSI.

More specifically:

P3a. Nonlinear causal effects from sovereign to bank CDS are expected to be
amplified after PSI.

P3b. The effects under P3a may be driven by volatility spillover effects.
A competing proposition may be stated as:

P3c. Nonlinear causal interlinkages between sovereign and bank CDS are expected to

weaken after PSI.

Conclusively, the nonlinear approach contributes to a better quantification of the
effects of an economic policy action - such as the PSI - by specifying the dynamic
relationships between sovereign and bank CDS series. It provides us with some useful
insights about the effectiveness of such measures.”> Moreover, the significant increase
in investor risk aversion and the rise of self-fulfilling expectations also account for

 Kyrtsou and Labys (2006).
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nonlinearities in the CDS relationships. To our knowledge, this is the first study using
nonlinear causality tests to investigate empirically contingent Granger causal linkages
in the relationship between sovereign and bank CDS spreads in the Eurozone. More
specifically, we apply the non-parametric causality test of D&P (2006) to examine for

nonlinear interactions between the CDS series of our sample.

1.3. Data description

We use daily prices of senior unsecured sovereign CDS spreads on 5-year
government bonds, considered as those with higher liquidity,?® and the respective
senior unsecured bank CDS spreads. The sample period ranges from 1 January 2009
to 30 May 2014. The higher the value of CDS spreads, the less likely a country or a
banking institution will be able to meet its debt obligations. In the empirical literature,
we observe that CDS premiums have established as the main proxy for credit risk,

since the inception of the global financial crisis.*’

We extract daily data on CDS spreads from Thomson Reuters Datastream and
Bloomberg. In our analysis, we consider those countries of the Eurozone that
experienced major debt problems during the recent financial turmoil, viz. Portugal
(PT), Italy (IT), Ireland (IR), Greece (GR), and Spain (SP) known by the acronym
PIIGS. Moreover, we include, the Netherlands (NL), France (FR) and Germany (DE).
These countries possessed in their portfolios major shares of PIIGS debt. The
selection of the sample of banking institutions in each country is based on their total
assets and on the availability of the data for the period under review (see Table Al in

the Appendix).

The CDS spreads are expressed in basis points (bps) and transformed into natural
logarithmic values®® recognizing the wide variations in spreads for some countries and
banks during the period of analysis. We weigh the bank CDS spreads in our sample
by using their total liabilities in each year to calculate the index of bank CDS spreads
for each country. Furthermore, in order to study the nexus between the CDS series at
the aggregate level, we calculate new CDS series by weighting the sovereign CDS

spreads for the eight Eurozone countries based on their gross domestic product each

%8 Hull, Nelken and White, (2004).
2" Fontana and Scheicher, (2010).
% Forte and Pena, (2009).
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year, and the corresponding banking sector CDS spreads according to the annual
liabilities of each banking institution. For robustness, we also employ the unweighted

sovereign and bank aggregate CDS series.

To analyze changes in the lead-lag interaction between sovereign and bank credit
risk as a result of the PSI program, we divide the reporting period into two
subperiods. The break point is determined exogenously to be 26 October 2011, the
date of the announcement of the decision of the European Summit for the
implementation of the ‘voluntary’ exchange program of Greek bonds with the
participation of the private sector. Chow breakpoint test results verify that this date is

a significant structural break in the relationship between all pairs of CDS series.

Figures 1.1 and 1.2 illustrate the evolution of the log CDS series (multiplied by 100)
during the sample period. The vertical line indicates the PSI announcement date that
separates our sample. It is evident that the CDS series of most countries and banks are
close to their maximum levels around the PSI period; however, they start to decline
soon after. Greek sovereign CDS spreads continue to rise to exceptional levels during
the period of the PSI program although they too decline eventually. The steep rise of
Greek sovereign CDS spreads in March of 2010 is indicative of heightened concerns
about a Greek sovereign default, with the country losing access to the bond markets in
April 2010. The effects are spreading to other Eurozone countries, especially those
with weak fiscal fundamentals, triggering large increases in Italian, Irish, Portuguese
and Spanish sovereign CDS premia. Although, France, Germany and the Netherlands
have stronger fundamentals, we observe a similar upward trend in their CDS spreads
during the period leading the PSI program, recognizing riskiness is pervasive in the
derivatives market. CDS premia reached very high levels during the third quarter of
2011, indicative of the market’s perception of disorderly restructuring spilling into

other credit markets.

We observe a high degree of co-movement between Greek sovereign and bank CDS
series for the whole sample period, albeit banking sector CDS spreads do not rise as
high as sovereign CDS. Irish banks exhibit the highest CDS premia. In fact, they are
higher than Irish sovereign CDS throughout the entire period. German and Dutch
banks exhibit the lowest CDS premia. The concurrent variation of the sovereign and

bank CDS spreads are indicative of the strong interlinkages between government and
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bank credit risk. Most of CDS series decrease during the second quarter of 2012 after

the implementation of PSI (completed on 25 April 2012).

Figure 1.1 Daily sovereign log CDS series multiplied by 100
01/01/2009-30/05/2014
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Table 1.1 reports the descriptive statistics of the sovereign and bank CDS spreads in
our sample. We observe that the spreads increase significantly during the second
subperiod, except for the sovereign and bank spreads of Ireland and the sovereign
spreads of Germany. The average sovereign CDS spread in the first subperiod is
253bps, while in the second subperiod is 857bps, which is mainly due to the surge of
the Greek risk premium. The corresponding averages, excluding Greece, are 161bps
and 208bps. Aside from Greece, sovereign CDS of Italy, Portugal and Spain are much
higher in the second period. The bank CDS spreads averages are 174bps and 221bps,
for the first and the second subperiod, respectively. Standard deviations also increase
in the second subperiod indicative of intensified volatility, uncertainty and risk. In
contrast, the standard deviations are lower for Irish, Portuguese and Dutch banks
during the second subperiod.

Table 1.1: Descriptive statistics

Panel A: Descriptive statistics of sovereign CDS spreads - Period 1 (1 Jan 2009 — 26 Oct 2011)

Variable Obs Mean(bps) Std. Dev.  Min(bps) Max(bps) Skewness Kyrtosis
GR 735 900.47 116894 10027 675179 299 1240
PT 735 32048  304.39 37.00  1227.89 136  3.98
T 735 141.66 79.05 48.00  482.04 190  6.73
SP 735 158.26 76.90 47.00 378581 060 253
IR 735 356.87  237.85 96.92  1191.15 088 281
FR 735 60.53 29.28 21.00 164.93 119 448
NL 735 51.93 23.63 26.49 130.00 149 455
DE 735 36.74 14.86 17.96 92.50 141 495
/?Uvi?é’ﬁfééef 735 11251 6850 3609  387.09 188 695
(ﬁ'r']sv‘;‘gﬁfj) 735 25337  226.03 5403  1225.02 2.16 7.96
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Panel B: Descriptive statistics of bank CDS spreads - Period 1 (1 Jan 2009 — 26 Oct 2011)

Variable Obs Mean(bps)  Std. Dev. Min(bps)  Max(bps) Skewness Kyrtosis
GR_Banks 735 250.20 17334 4811 797.88 1.23 4.35
PT_Banks 735 218.02 178.76  37.44 690.08 0.92 2.87
IT_Banks 735 56.25 35.25 17.94 183.64 1.49 5.08
SP_Banks 735 72.69 33.52 29.28 165.42 0.84 3.11
IR_Banks 735 677.74 567.48 15500  2298.98 1.23 3.39
FR_Banks 735 40.56 14.58 21.06 103.98 1.72 6.47
NL_Banks 735 45.38 15.75 25.65 106.03 1.60 5.18
DE_Banks 735 30.07 8.16 17.30 63.03 1.32 5.04
(a};%ﬂ‘;;) 735 58.56 25.69 26.20 144.61 1.22 4.20

(Uﬁuf{z”h‘i 9 735 173.86 12118 4788 507.27 111 3.17

Panel C: Descriptive statistics of sovereign CDS spreads Period 2 (27 Oct 2011 — 30 May 2014)

Variable Obs Mean(bps) Std. Dev. Min(bps) Max(bps) Skewness  Kyrtosis
GR 677  5399.97 543259  391.63 5960.76 1.22 3.99
PT 677 557.90 34821  143.95 152145 0.81 221
T 677 249.67 106.21 87.73  498.66 0.59 2.32
SP 677 233.47 106.31 62.83  492.07 0.33 2.30
IR 677 261.51 212.75 4865  729.19 0.84 2.08
FR 677 62.66 36.96 2579 17156 1.01 2.76
NL 677 65.11 30.51 28.46  133.84 0.74 2.10
DE 677 24.63 15.48 9.16 72.35 1.26 3.52
A(\I/I\/i?;r?tté:gs 677 239.69 168.75  50.84  744.72 0.73 2.41
AllCountries - o7 82.30 31.27 3140  158.34 0.29 1.99

(Unweighted)
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Panel D: Descriptive statistics of bank CDS spreads Period 2 (27 Oct 2011 — 30 May 2014)

Variable Obs  Mean(bps) Std. Dev. Min(bps)  Max(bps) Skewness  Kyrtosis
GR_Banks 677  476.85 21478 177.04 859.49 0.41 1.70
PT_Banks 677  322.84 172.93 85.83 799.67 0.78 2.65
IT_Banks 677  152.05 45.78 51.00 250.74 -0.35 2.52
SP_Banks 677  121.02 50.46 36.17 230.19 0.11 2.0
IR_Banks 677 55154 34055  163.99 153014  1.03 3.36
FR_Banks 677 5861 23.50 21.57 118.19 0.44 2.29
NL_Banks 677  49.49 12.44 25.27 79.46 0.32 2.33
DE_Banks 677 3578 12.44 17.82 80.19 0.75 2.61
(a};%ﬂ‘;;) 677  768.29 72502 10052 356048  1.11 3.59

(u’?yﬁ%”hﬁ g 677 22102 103.64 72.80 471.13 0.55 2.24

Overall, we observe that the sovereign credit spreads are at a higher level in relation
to the corresponding bank spreads in both subperiods, with the exception of the CDS
spreads of the Irish banks for both periods and those of the German banks for the
second period. This reflects higher government credit risk, during the European debt
crisis, in relation to the bank credit risk. Standard deviation results do not diverge

significantly.

The high values of kurtosis indicate that the CDS spreads change remarkably quite
often. This is a sign of the increased probability of observing outliers, particularly in
the first subperiod, and, of the amplified credit risk. We notice positive skewness for
all the time series, except for the Italian bank CDS in the second subperiod.
Consequently, there are a few high outliers in relation to the large number of low
prices in our sample. This is an indicative element of the turmoil that prevailed,

especially, in the first subperiod.

Observing the results of pairwise correlations of sovereign and bank CDS spreads in
their logarithmic first-differences, as presented in the Table A2 in the Appendix, we

find significant correlations, greater than 0.3 between all pairs of series -except for
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Greece and Ireland- during the second subperiod. In total, we observe that there is a
considerable reduction in the correlation between the CDS spreads the period after the

implementation of the PSI.

1.4. Methodology
1.4.1. Stationarity and cointegration

In order to apply the linear and nonlinear causality tests, aiming to ascertain the
presence of causal effects between the sovereign and the corresponding bank CDS
spreads in each subperiod, we have to test for stationarity the time series of our
sample, by applying unit root tests. We examine the stationarity properties of the (log)
level CDS series applying the Phillips-Perron® (PP), Augmented Dickey-Fuller®
(ADF) tests (under the unit root null) and for robustness, the Kwiatkowski-Phillips-
Schmidt-Shin®* (KPSS) test (under the stationarity null) in each subperiod.** We
accept that the time series has a unit root, when at least two of the above tests prove
the existence of a unit root at the 5% significance level. In case a variable has a unit
root in levels, we calculate the logarithmic first-differences and we repeat the same

unit root tests, in order to achieve stationarity.

If we conclude that the time series are integrated of order one, i.e. 1(1), then we test
for cointegration between the non-stationary CDS series applying the Johansen (1995)
trace and maximum eigenvalue tests for each subperiod.*® The time series are
cointegrated if at least one of these tests provides evidence of cointegration at the 5%
significance level. We recognize that using a cointegration approach over a relatively
short period may entail some problems. Nevertheless, we believe it is justified given
the high-frequency data we employ, in particular since the resulting cointegrating

2 phillips and Perron, (1988).
% Dickey and Fuller, (1979).
31 Kwiatkowski, Phillips, Schmidt and Shin, (1992).

%2 We split the sample period based on the Chow breakpoint test. The Chow test examines the null
hypothesis that there is no break in the regression coefficients. It estimates the sum of squared residuals
after fitting a single equation to the complete sample, in relation to the sum of squared residuals raised
after each single equation is fitted independently to each specified subsample.

% Chen and Lin (2004) draw attention to the possibility that misleading conclusions about causal
relationships may be drawn if the cointegration relationships between the CDS series are not accounted
for in the causality test.
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relationships could be interpreted as reflecting systematic temporary patterns.® We

select the number of lags based on the Akaike Information Criterion (AIC).*

The null hypothesis of the trace test is Ho: r<ro for ry=0,1,...,n-1, where n is the
number of variables. This test examines that the maximum number of cointegrating
vectors are ro, versus the alternative hypothesis that there are more than ro, Hy: ro<r<n.
Since the series are cointegrated, there could be up to n-1 combinations of
cointegrating relationships. Therefore, in our study where we examine two variables
(n=2) -sovereign and bank CDS series-, there can be up to one cointegrating vector.
Consecutively, we check for ro=0 and ro=1. The control stops at the value of ry that Hy

is accepted.

Regarding the application of the maximum eigenvalue test, the Ho hypothesis is the
same as in the trace test. However, the H; assumes that there are exact ro+l
cointegrating vectors. If after performing the Johansen tests, we find that ro=n, this
implies that the variables are stationary in levels (i.e. 1(0)). During these tests, we
include a constant (intercept) in each cointegrating equation, which is more plausible
to reflect the generating mechanism of the data.

1.4.2. Linear causality
1.4.2.1. Linear Granger causality

Observed correlation between two CDS series under consideration does not imply
the existence of a causal relationship between them. As per standard practice, we first
study the causal relationship between CDS series using the notion of Granger
causality (1969) based on a time lag between cause and effect. The existence of
Granger causality between time series, means that all recent and past information of
the one time series contribute to a better prediction of the future values of the other,

not in the narrow sense that the one variable provokes changes to the other.*

Specifically, for a strictly stationary bivariate time series process {(X, Yy} t € Z,
{Xt} Granger causes {Yt}, if for some k>1:

¥ See Sander and Kleimeier (2003) who justify their approach on similar grounds.

% The selection of the appropriate lag length should be carried out very carefully, as there is risk of a
biased estimation of the cointegrating vector (Jacobson, 1995).

% Brooks (2008) notes that the definition of Granger causality simply implies a chronological ordering
of moments in the series, which in essence captures the lead-lag pattern between the series, rather than
the real causal relationship between them.
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(Yeetse o, Yer) | (Fx . Fy ) # Yeut,..., Yesk) | (Fxt), Where « denotes non-equivalence in
distribution. Fx, Fy are the information sets that include past observations of X; and
Y, respectively, up to and including time t. We try to detect the existence of Granger
causality for k=1, which is used extensively in the empirical literature. The null
hypothesis is that {Y} is conditionally independent of X;, X1 ,... given Y¢, Yi1,...,
i.e that {X; } does not Granger cause {Y: }.

To sum up, the linear Granger causality test examines the null hypothesis that the
independent variable does not affect the dependent variable. This denotes that the
estimated coefficients on the lagged values of the independent variable are equal to
zero. If the null hypothesis is not true, then X; linearly Granger causes Y; and its own
past values have significant predictive power for the current values of Y given past

values of VY.

The linear Granger causality tests are performed within a VAR or VEC framework
depending on the stationarity properties of the underlying series and linear
combination thereof. If the series are non-stationary unit root processes and
cointegrated, we use a Vector Error Correction (VEC) model, otherwise we use a
VAR model in first-differences to test for causality.®” The models are estimated in
each subperiod using the Johansen (1995) maximum likelihood procedure, and are
tested for autocorrelation by means of a Q-test (Ljung and Box, 1978). If there is

autocorrelation, we increase the lag length of the VAR or VEC model.

In a VAR model, each variable of the system is determined based on the lagged
values of the other variables, as well as on its own lagged values®. Thus, a VAR
model for two stationary time series X; and Y in first-differences can be written as

follows:

AY, = vy + XI5 aiAY, g + TS bidX e + &gy (1.1)

%7 We check the residuals of the VAR or VEC model, and if we find outliers greater than 3 standard
deviations, then we include a series of point dummy variables to capture specific abnormal events
during the period under study. Our results are robust to a range of threshold values between 2.5 and 3.5
standard deviations.

* The Granger causality test is sensitive to lag structure. We specify the optimal lag order for every
pair of variables, based on the well-known Akaike Information criterion (AIC) and then we examine
the corresponding VAR or VEC model. The number of lags specifies the order of the VAR or VEC
model. The application of the Granger causality test premises that all the variables will have the same
lags.
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DXy = vy + X GAYe s + X, didXe g + €3 (12)

where A denotes the first-differences operator, v is a vector of intercepts, k denotes
the lag order of the VAR system, a, b, c, d are the regression coefficients and &, &

denote the white noise error term with E(gi;)=0 (i=1,2) and E(&1€21)=0.

So, Y. Granger causes X; if there is a ¢;#0, and X; Granger causes Y if there is a
bi#0. Also, there is a bidirectional causal relationship if c;#0 and b;#0
simultaneously.® This means that there is Granger causality, only if the lagged values

of a variable in the estimated VAR model are statistically significant.*

We include an error correction term and we apply a VEC model** in order to test for
linear Granger causality, if the series are non-stationary and cointegrated. A VEC
model combines both the short and long-term characteristics of the variables under
consideration, while it maintains the necessary property of stationarity. A bivariate

VEC model specification is as follows:
AYy = vy + MZeq + D1y @AY + D bidX e + €5 (1.3)
AXe = Vo + A Z g + 2 A + X didXe i+ g (L4)
Zi—1=Ye1—Wo— Wi X¢g (1.5)
where A denotes the first-differences, v is a vector of intercepts, k is the optimal lag
length, a,b,c,d are the regression coefficients that capture the short-run dynamics,
coefficient A is the error correction term that denotes the speed of adjustment to the
long-run equilibrium achieved through short-term adjustments for each series, Z; is

the OLS residual of the cointegrating equation, w denotes the long-run deviations, and

€1r,€2t denote the white noise error terms with E(gi)=0 (i=1,2) and E(eae2)=0.

¥ In order to test the Ho hypothesis, we use the F- statistic at the 5% significance level: F =
SSER—sSEY/k

SSEU/F
squared errors, k: is the number of variables and F: is the number of degrees of freedom. The F-
statistics are the Wald statistics for the hypothesis that the coefficients of all the lags of an endogenous
variable are equal to zero.

0 A disadvantage of the Granger causality test is its sensitivity to the lag structure. Different optimal
number of lags are specified based on the chosen information criterion. The test is also affected by the
frequency of the data and the techniques that are used to achieve stationarity.

1 If the VAR model is of p-order, the VEC model should be of (p-1)-order.

, where SSEV: is the unrestricted sum of squared errors, SSE™: is the restricted sum of
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We apply the linear Granger causality test on the raw data, as well as, on the VAR
or VEC- filtered residuals in order to assess the incidence of causality between CDS

innovations after first moment filtering.
1.4.2.2. Impulse response functions - Forecast error variance decomposition

We also carry out impulse response and variance decomposition analysis in cases in
which we identify a causal relationship between the CDS series. This allows us to
gain more insight into the magnitude and timing of the effects of a shock and its
contribution to the variations of the endogenous variables in the current and future
periods.* Impulse response plots depict the responses of sovereign CDS spreads, after
a one standard deviation shock to the bank CDS spreads, and vice versa, over a 10-

day horizon.

The shocks are quantified based on the standard deviations of the error terms.
Because of the dynamic structure of a bivariate VAR or VEC model, a one standard
deviation shock to the error term in the first equation is successively diffused and
affects not only the first endogenous variable itself, but also, the other endogenous
variable in the second equation of the model. For this reason, we use impulse response
functions that specify the effects of a one standard deviation shock on current and
future values of all the endogenous variables. In this way, we are able to specify the

consequences of this disturbance.

After a shock to the error term of a VAR or VEC model, the error terms of the other
equations of the system should remain constant and independent, in order to derive
the impulse response functions. However, because the innovative shocks, occurring
on different variables, are commonly correlated with each other, we cannot specify
their independent effects. Thus, a shock will be a common component that cannot be
determined, while its effect is not associated with a specific variable.*® In order to
overpass this malfunction, researchers implement the Cholesky decomposition

method for the orthogonalization of the shocks.* Therefore, by using the orthogonal

*2 |f there are x variables in a system, x* impulse responses could be derived.

*® In a bivariate VAR model the effects of the common component are usually attributed to the variable
that comes first.

* See Liitkepohl and Reimers (1992); Liitkepohl (1993) and Hamilton (1994) for more details.
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residuals to perform orthogonalized impulse response analysis, we are able to

hypothesize that the shocks are contemporaneously uncorrelated.*®

By applying the FEVD method, we analyze the forecast-error variance of an
endogenous variable, in order to calculate the percentage effect of each of the
orthogonal innovations on the mean square error (MSE) of the prediction (Hamilton,
1994). More specifically, FEVD contributes to the determination of the percentage
variation of an endogenous variable that is attributed to its own shocks, in relation to
the corresponding variation, due to shocks on the other endogenous variables of the
system. Hence, we can find out whether the effect of a shock on the endogenous
variables of a dynamic VAR or VEC model is significant and distinguish the relative

influence of an innovative shock on each variable of the model.
1.4.2.3. Hsiao causality test

Aiming to figure out any potential variations in the pairwise linear causal
relationships between sovereign and banking sector credit spreads of our sample, we
employ the alternative linear causality test of Hsiao (1981). This is a modified version
of the Granger test, allowing more flexibility in the choice of the dynamic lag
structure. Hsiao's methodology (1981)* is based on the Granger's causality method
(1969) and on the use of the Akaike's Final Prediction Error (FPE) criterion (1969).%
More specifically, Hsiao considers that the hardest part in a multiple autoregressive
process is the definition of the maximum number of lags. Thus, he proposes a method,
which allows each variable to be inserted in the VAR model with a different lag,
according to the minimum FPE criterion. This approach aims to reduce the number of
the parameters under estimation, in order to balance the bias and inefficiency
problems of the parameterized model. This option, according to Hsiao, is equivalent

to applying an F-test with varying significance levels.

*® The ordering of the variables is crucial for performing impulse response and variance decomposition
analyses. In order to exceed the problem that arises because of the variable ordering, Pesaran and Shin
(1998) used the Generalized impulse response functions. These functions overcome the limitation that
simultaneous shocks on the variables should be uncorrelated.

*® The same methodology is followed by Gomez-Puig and Sosvilla-Rivero (2013). They examine the
Granger-causal relationships between the Eurozone countries, by using the 10-year government bonds
for the period 1999-2010.

4" According to Hsiao this methodology "is used to impose restrictions in order to capture empirical
regularities which remain hidden to standard procedures".
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We seek to ascertain the existence and the direction of causality before and after the

announcement of the PSI program. The methodology is:
Supposing that Y and X; are two stationary variables in levels (i.e. 1(0)).
1. At first, we consider Y; as a one-dimensional autoregressive process:
Ye = vo + Xl 6 Yeoi + & (1.6)

We calculate the FPEs, with the number of lags ranging from 1 to K. We choose the
lag k, where 1<k<K, which implies the minimum FPE:4849

T+k+1 " RSS
T-k-1 T

FPEy(k, 0) = (1.7)

2. Then, we consider Y; as a controlled variable with lag equal to k, and X; as a

manipulated variable:
Yo =vYo+ Xk, ¢iY + Z]L=1 PiXe—j T & (1.8)
We re-calculate the FPEs of Yy, changing the lags of X; from 1 to L, and determine

the lag I, where 1<I<L, which corresponds to the minimum value of FPE:

T+k+1+1 % RSS

FPEy(k, 1) = T—k—-1-1 T

(1.9)

3. Subsequently, we compare the FPE calculated in step 1, (FPEv(k,0)), with the
corresponding FPE calculated in step 2, (FPEv(k,])). If {FPEy(k,0) > FPEy(k,D}, then
the optimal model for the prediction of Y comes out by including k lags of Y and | of
X:. In this case, we conclude that X; causes Y Otherwise, if {FPEy(k,0)0<

FPEv(k,D}, then Y. is calculated as a one-dimensional autoregressive process.

4. We repeat the process considering X; as a controlled variable and Y as a
manipulated one. If our variables Y; and X; have a unit root in levels, but, they are
stationary in the first-differences (i.e. are integrated of order one, I1(1)), we repeat the
above procedure, in order to ascertain, whether there is a causal relationship between
the AY; and AX; If our variables are not cointegrated, we consider the following

equations:

AY, = vo + TX, ciAY,; + & (1.10)

*® T: is the total number of the observations and RSS: is the Residual Sum of Squares of regression
(1.6).
* The FPEs are calculated on the assumption that the residuals are white noise.
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AYy = Yo + X, GAY; + Z]L=1 pjAX¢—j + & (1.11)

Finally, if we find out that the under consideration time series are linked with a
common stochastic trend (cointegrated), then we have to include an error correction
term* in the equations (1.10) and (1.11):

AY, = yo + BECT,_; + XX, cAY,_; + & (1.12)
AY; =7Yo + BECT,_; + XiL; GAY, i + Xty piAXej + & (1.13)

Hence, with the minimum calculated FPEs, we determine the difference {FPE(k,0)-
FPE(k,D} for the time series in which there are causal relationships both before and
after the notification of the PSI. Afterwards, we compare the size of this difference in
each subperiod, in order to specify possible variations in the relative size of the
interrelationships between sovereign and bank default risk, as a consequence of the
PSI program. In this way, we assess the impact of this program on the CDS series of

our sample.

1.4.3. Difference-in-difference model

We use a difference-in-difference model to assess the robustness of our empirical
findings. For this purpose, we define a dummy variable, PSI, which takes the value of
zero for the period before the PSI announcement, and is equal to one otherwise. The
coefficient of the dummy variable measures the average short-term impact of a
change in the explanatory variable on the response variable, after the notification of

the intervention program that we are examining.
Specifically, we estimate the following equation:
AYlt = do + dIPSI + dzINT + d3AX1t + d4PSIZt_1 + Uit (114)

where X and Y denote pairs of bank and sovereign CDS series, INT = PSI x AX;;
and Z; is the residual of the long-run equation Y;; = yo + v1PSI + v, X + uye,
assuming that the two series cointegrate, otherwise we omit the error correction term.
The coefficient of the interaction variable (INT) is the main parameter of interest

since it reflects the change in the degree of interaction between the two CDS series.

We introduce the dummy variable PSI in the long-run equation, in order to shift the

constant term from the cointegrating equation. Thus, the cointegrating equation

% |t is about the error-correction term from the cointegrating equation Y=a+pX.
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changes, after the date of the announcement of the PSI program, once we have
included the dummy variable in the long-term relationship. The coefficient y; denotes
the change of the constant term of the long-term relationship that we are considering.
If it is positive, this implies that the constant term of the long-term equation changes
in the value of y;. In this case, we conclude that both variables deviate further and
further, and as a result the distance of the time series increases on average, after the
announcement of the PSI. Now the equilibrium point Yj;, is on average higher for
various values of Xj. The results are the opposite if y; is negative. The coefficient d4

declares the different speed of response due to the PSI program.
1.4.4. Nonlinear causality

The relationship between sovereign and bank CDS series varies during crisis
periods, propagated by changes in the nexus between sovereigns and banks. This
implies that nonlinear interlinkages may arise between sovereign and bank CDS,
whereby the same change in fundamentals can have a much larger impact on spreads
than was the case previously (see Delatte et al., 2014). Heterogeneous market
assessments for a possible default may also induce nonlinearities in the causal
relationships between sovereign and bank CDS series by amplifying sovereign risk. A
linear model may fail to capture adequately a nonlinear structure in the relationship

among different variables,™

which may lead to erroneous conclusions regarding
spillover causal effects among them (see Billio et al., 2012). For this reason, we turn

next to study nonlinear dynamics in the relationship between the CDS series.
1.4.4.1. Nonlinear dependence BDS test

The BDS* test is a diagnostic nonlinear dependence test, aiming to find out if the
data present nonlinearities, by examining for time based dependence in a series. In a
general context, the BDS test is used to detect nonlinear structures of the data, while it
assumes that the data are pure noise.>® Thus, the null hypothesis is that the series are

independent and identically distributed. According to Brock et al. (1996), for large

%! Nonlinearities are quite difficult to be specified through linear Granger causality tests (Brock et al.,
1991).

%2 BDS: Brock, Dechert, Scheinkman and LeBaron (1996).

% The BDS test examines the series for the existence of linear and nonlinear dependence and/or
deterministic chaos.
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samples (n>500), the BDS statistic could be compared with the standard normal

distribution, when the null hypothesis is true.

First we apply the univariate BDS test on the raw data. Furthermore, the test is
implemented on the estimated residuals derived from the initial VAR or VEC model,
in order to examine if they are independent and identically distributed (i.i.d.), (Ho). In
this way, we are able to capture all the nonlinear dependence, by abstracting any
remaining linear predictive power, and find out if the initial estimated model is
adequate. If not, then the residuals will not be white noise and the BDS test should be
statistically significant. In this case, the results of the BDS test imply that there are
nonlinearities in the data and that it is necessary to extend our tests and explore for a
nonlinear structure, in order to specify potential nonlinear spillover effects between
the series. For this purpose, in the next subsection, we examine the D&P (2006)

nonlinear Granger causality test.
1.4.4.2. Diks and Panchenko non-parametric Granger causality test

The D&P (2006) test is a non-parametric nonlinear causality test that allows to
investigate for possible nonlinear components in the bidirectional relationship
between two time series, in a more complex framework, without making any
restrictive assumptions on their relationship. Under the null hypothesis there is no
causality from X; to Y for two strictly stationary time series (X, Yy, t=1), with finite

lags Ix and ly, (Ix, ly, >1), formally stated as:
. Ix ol ]
Ho: Yt+1|(XtX :YtY) ~Yt+1|YtY (1.15)

where thX = (Xe—1y+1, -+ X¢) and Y,fY = (Ye—iy+1, -, ¥¢) are lagged vectors. The null
hypothesis is rejected, when current and past information of XfX contributes to better
prediction of Y, ;.

D&P test for nonlinear causal spillover effects by considering the joint and marginal

distributions of the (Ixtly+1) dimensional stationary vector W, = (XéX,YtlY,Zt)

where Z; =Y+1, which under the null yield the following statistic:

— fxyz(XY,Z) fxyXY)fyz(Y.Z) _
g = E[( fy (Y) fy(Y)  fy(Y) )g(X,Y, Z)] =0 (1.16)
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Where g(X,Y,Z) is a positive weight function.> It is a conditional average of the
dependence terms, where the null hypothesis is that q=0. For the weight function
g(x,y,2)=£#(y), the above function is as follows:

q = E[fxyn X Y, Dy (Y) — fixy X Vfy 7 (Y, 2)| = 0 (1.17)
where f(, denotes the associated joint and marginal densities. Defining a local square

kernel density estimator fw(w;) of a dy-variate random vector W at W; such that:

fo W) =

function, ||. || is the maximum norm and g, is the bandwidth, D&P show that the test

(Zen) dw

Z”illw where IW = I(”W Ww: || < &), I(.): is the indicator

statistic reduces to:

T (&) = 2= BBy (X, i Ze) e () = oy (Ko YRy 2%, ) (1.18)

For Iy =1y = 1, and, if the bandwidth is calculated as &,=Cn™® (where n is the
sample size, C>0, and Be (i%)), D&P (2006) show that the distribution of the test

statistic given by (1.18) converges to the standard normal distribution under the null
55,56

given by:

\/H(Tn (gn)_q) d >N(O,1)
Sn (1.19)

where —%— denotes convergence in distribution and Sp(.) is an estimator of the
asymptotic variance of T,(.) (Diks and Panchenko, 2006, Bekiros and Diks, 2008).
Therefore, the T,( ) test statistic is asymptotically distributed as N(0,1), under certain

conditions.

We apply the D&P (2006) causality test on the raw data. We also investigate for
nonlinear causal relationships between the series by re-applying the D&P test to the
estimated residual series that are obtained from the VAR or VEC models, in order to

test if any observed causality is strictly nonlinear.

> D&P take the following weight function g(x,y,z)=/;(y) based on Monte Carlo simulations.

% According to D&P (2006), when the local bias tends to zero at a rate of £, then the optimal
bandwidth that gives the T, estimator with the smallest mean-squared-error is calculated based on
en=Cn?", where p=2/7 is the optimal rate. Since, unrealistically large values of the bandwidth may
arise in small samples, based on the optimal value of C, D&P suggest the choice of bandwidth should
be truncated by &, = max (Cn?’, 1.5).

% D&P (2006) contend that the H&J (1994) test could be asymptotically valid, if, for example, the
bandwidth ¢ tends to zero, while the sample size increases.
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1.4.4.3. A bivariate diagonal GARCH-BEKK (1,1) model

H&J (1994) and D&P (2005) among others, stress the importance of filtering out
autoregressive conditional heteroskedasticity, when examining for potential nonlinear
relationships between time series. Conditional heteroskedasticity could bias causality
tests adversely affecting their power.>”*® This is because volatility effects may in part
or in whole account for nonlinear causal linkages between series. Thus, before
applying the nonlinear Granger causality tests, it is important to examine for any
remaining causal relationships between the CDS series after a second moment

filtering.

This procedure is performed through a Generalized Autoregressive Conditional
Heteroskedasticity (GARCH) model.>*®® There are different multivariate GARCH
models, based on the approach that is followed for the parameterization of the

conditional variance-covariance matrix.5:

More specifically, in our study we apply a bivariate diagonal GARCH-BEKK (1,1)
model, in order to measure the volatility spillovers and estimate the conditional
correlations between the time series under examination. It also filters out any possible
conditional volatility effects. This is possible by capturing the dynamics in the second
moment of distribution that implies spurious causality between the series. Thus, a
GARCH-BEKK model allows us to examine whether the volatility spillovers

contribute to the existence of nonlinear causality.

A GARCH-BEKK (1,1) model is composed of a first-order autoregressive GARCH
term and a first-order moving average ARCH term. The GARCH and the ARCH

" D&P (2006) provide evidence that the results of the Baek and Brock (1992) test could be biased
because of the existence of conditional heteroskedacity in the data.

%8 Forbes and Rigobon (2001) contend that correlation coefficient tests for contagion are biased upward
during a crisis because of the presence of heteroskedasticity in market returns. The authors assume that
there are no endogeneity and omitted variables issues in order to adjust the tests for this bias. After the
adjustments for heteroskedasticity, they conclude that there was not contagion during specific crisis
periods but only interdependence. These findings are in line with those of Pericoli and Sbracia (2003).
% The ARCH models were introduced by Engle (1982), while GARCH models by Bollerslev (1986)
and Taylor (1986).

60 Engle’s ARCH model (1982) allows the conditional variance to be dependent on the error term of the
previous period, while in a GARCH model the conditional variance depends on the past values of the
volatility.

81 Different multivariate GARCH models may lead to different results regarding the nonlinear causal
relationships between the time series, because of the alternative restrictions on the variance-covariance
structure of the model.
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terms are, respectively, the variance and the volatility of the previous period. The
latter is measured by the residuals of the mean equation. In a few words, a GARCH-

BEKK model intends to control for conditional heteroskedasticity.

The Engle and Kroner (1995) GARCH-BEKK (p,q,K) model®®®? is defined as:
He = C'C+ Xio; T Afueiui_iAi + Yies By BicHeoiBie  (1.20)

where C is an (NXN) upper triangular matrix, A is an (NxN) matrix of parameters,
specifying the relation between the current conditional variance and lagged squared
errors, B is an (NxN) matrix of parameters, with its diagonal elements specifying the
impact of past conditional variances on current conditional variances, u; is the vector
of disturbances, while H; is the conditional variance-covariance matrix of the error
terms at time t which is assumed to be positive definite. The other elements of the
matrices A and B specify the corresponding cross-market effects on the conditional
variance and covariance. N is the number of variables in the model (N=2 in our

model).

For simplicity, we assume that K=1, as per standard practice in empirical research.
In this case, the BEKK (p,q,1) model is defined as:

Hi=CC+ XYl Alu_jui_;A + X1 BiH. ;B (1.21)
Thus, the GARCH-BEKK (1,1,1) model can be written as follows:
Ht = CIC + Allut_lu;:_iAl + Bth—lBl (122)

In our case, where we have two variables -sovereign and bank CDS series- the

parameterization of the BEKK (1,1,1) model is the following:

[hyq ¢ hlZ,t]_[Cll Clz]'[cn C12]+

[hyy e hapel [C21 €22l 1C21 Cop

] ; 2

aqq a12] €1t-1 €1t-1€2t-1 [311 a1z]+
471 dz22 51,t—1£2,t—1 E%I—l dz1 dz2

b4 b12]’[h11,t—1 h12,t—1] [b11 b12]

1.23
b1 by by by (1.23)

h21,t—1 h22,t—1

A major weakness of the BEKK model is the large number of parameters that must

be estimated each time, depending on the dimension of the model. This complicates

62 BEKK are the acronyms of Baba, Engle, Kroner and Kraft, who developed the model.
% There are three versions of the BEKK model: the symmetric, the asymmetric and the diagonal.
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the estimation of its different coefficients. For this reason, we apply a diagonal

GARCH-BEKK model®, where the diagonal®® matrices A and B are written as:

A=[211 O ] B:[b“ 0 ] where a12=a,;=0 and bi>=b,=0 are the imposed
0 doo 0 b22

restrictions.

1.5. Empirical results
1.5.1. Bivariate stationarity and cointegration analysis

Before performing the stationarity and cointegration tests, as described in the
previous section, we conduct the Chow breakpoint test. The results provide evidence
that there are statistically significant variations in the estimated regression
coefficients, and, as a consequence, they confirm the presence of a structural break at
the date of the announcement of the PSI. Thus, we split the sample period in two
subperiods. Afterwards, we examine the CDS series for the existence of stationarity in
(log) levels in both subperiods, by applying the ADF, PP and KPSS unit root tests.
We find that all the series are non-stationary unit root processes. By repeating this
process, using this time, the first-differences of the log-CDS series, we infer that they
are stationary. The unit root test results are presented in detail in Table A3 in the
Appendix.

Table A4 in the Appendix presents the results of the Johansen's trace and maximum
eigenvalue tests, after controlling for cointegration, in both subperiods. The lag length
is specified according to the AIC. We assume that the cointegrating equations may be
stationary around a non-zero mean. In the first subperiod, a significant cointegrating
relationship is observed between the sovereign and banking sector CDS of Greece,
Portugal, Spain and Ireland. We also find cointegration between Greek sovereign and
Portuguese bank CDS, and between the weighted aggregate sovereign and bank CDS.
In the second subperiod, we find cointegrating relationship between Greek, Spanish,
Irish sovereign and bank CDS spreads, and between Greek sovereign and Irish bank
CDS series. Moreover, we find that the sovereign CDS spreads of Greece and the

unweighted bank CDS are cointegrated in both subperiods. We observe that for the

®*GARCH-BEKK estimates (p+q)KN*+N(N+1)/2 parameters, while a diagonal BEKK involves
(p+q)KN+N(N+1)/2. In our model we assume that p=g=K=1.

® Silvennoinen and Terisvirta (2008).
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majority of CDS pairs there is no evidence of cointegrating relationship between
them, in both subperiods. While this implies absence of a common trend or risk factor
driving the series, there is still the possibility of temporal causal effects driven by

nonlinear dynamics.
1.5.2. Results of linear causality tests
1.5.2.1. Linear Granger causality test

Based on the preceding test results, we are able to perform the linear Granger
causality test in each subperiod and find out if the bank CDS spreads contribute to the
prediction of the future prices of sovereign CDS spreads, and vice versa. We apply a
VAR or VEC model for all the pairs of sovereign and bank credit spreads under
consideration, in both subperiods, in order to carry out the linear Granger causality
test and specify potential lead-lag causal relationships between them. Therefore, we
run a VAR model in first-differences for the series that are not cointegrated and a
VEC model in the log-level series, in case we find out the existence of cointegrating

relationships.

Table 1.2 summarizes the results of the linear Granger causality test between banks
and their sovereigns (Panel A), Greek sovereign CDS and bank CDS (Panel B), and
aggregate CDS series (Panel C). In the first subperiod, before the PSI announcement,
we find evidence of strong bidirectional causal relationships for the majority of the
CDS pairs. Weak linear Granger causal effects run from the Greek and French bank
CDS spreads to the sovereign CDS of Greece and from the sovereign CDS of Ireland
to the Irish bank CDS spreads. Causality is also weak from the unweighted bank CDS
spreads to the corresponding sovereign CDS. There is no evidence of linear causal
effects from the Portuguese and Irish banks to their corresponding sovereign CDS.
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Table 1.2: Linear Granger causality results

Depgndent Indep_endent I?;X\;a?uas I(::i\\l,vaﬁjae;a Fllg[zgd Fllg[s{:d
Variable Variable Period 1 Period 2 (B-vglue) (p-v_alue)
eriod1  Period 2
Panel A
GR GR_Banks 0.0635* 0.1957 0.5018 0.4662
PT PT_Banks 0.1350 0.1466 0.9393 0.7429
IT IT_Banks 0.0243**  0.4990 0.9460 0.6582
SP SP_Banks 0.0005***  0.0893* 0.6666 0.0906***
IR IR_Banks 0.2925 0.0000***  0.7834 0.0356**
FR FR_Banks 0.0005***  0.0000***  0.9809 0.3951
NL NL_Banks 0.0064***  0.2599 0.4870 0.8787
DE DE_Banks 0.0187** 0.3223 0.9394 0.3510
GR_Banks GR 0.0000***  0.9638 0.8607 0.4431
PT_Banks PT 0.0000***  0.0000***  0.6561 0.7249
IT_Banks IT 0.0001***  0.0016*** 0.7808 0.4521
SP_Banks SP 0.0000***  0.0087*** 0.9087 0.8495
IR_Banks IR 0.0869* 0.0512* 0.9479 0.9350
FR_Banks FR 0.0051***  0.0001*** 0.8926 0.6021
NL_Banks NL 0.0000***  0.0030*** 0.6759 0.3832
DE_Banks DE 0.0001***  0.5322 0.5516 0.9557
Panel B
GR PT_Banks 0.0012***  0.9843 0.6658 0.5374
GR IT_Banks 0.0165**  0.1272 0.8064 0.9336
GR SP_Banks 0.0006***  0.0093*** 0.7520 0.9474
GR IR_Banks 0.0246**  0.8240 0.2672  0.0757***
GR FR_Banks 0.0609* 0.0058***  0.7860 0.7897
GR NL_Banks 0.0072***  0.3585 0.6186 0.7165
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GR DE_Banks 0.0004***  0.3511 0.6306 0.7277
PT_Banks GR 0.0000***  0.0115**  0.5039 0.1977
IT_Banks GR 0.0000***  0.0344**  0.9201 0.5725
SP_Banks GR 0.0002***  0.0841* 0.9512 0.7281
IR_Banks GR 0.0054***  0.0028*** 0.3679 0.8360
FR_Banks GR 0.0000***  0.0235**  0.9924 0.7298
NL_Banks GR 0.0000***  0.0287** 0.8188 0.9889
DE_Banks GR 0.0150** 0.0131** 0.7063 0.6717
Panel C
AllCountries

_ AllBanks 3106 02185 08469  0.7642
(Weighted)  (weighted)

AllCountries AllBanks
] ) 0.0724* 0.1259 0.9178 0.5361
(Unweighted)  (Unweighted)
AllBanks
GR (Weighted) 0.0029*** 0.0374** 0.8215 0.6332
eighte
AllBanks
GR ) 0.0060***  0.3603 0.7860 0.6435
(Unweighted)
AllBanks AllCountries

] ) 0.0001***  0.2800 0.7647 0.9725
(Weighted) (Weighted)

AllBanks AllCountries

] ) 0.0000***  0.1451 0.8828 0.9803
(Unweighted)  (Unweighted)

AllBanks

(Weighted) GR 0.0208** 0.0230** 0.7191 0.6558
eighte

AllBanks

) GR 0.0016***  0.3167 0.7468 0.6141
(Unweighted)

Note: The table reports the p-values of the Granger causality test, using a VAR or VEC model with
raw data in Periods 1 and 2. The lag length of the models was determined by AIC. The null hypothesis
is that there is no Granger causality between the sovereign and bank CDS spreads. *,**,*** denote
rejection of the null hypothesis at the 10%, 5%, and 1% significance level, respectively.
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Evidence of causality is weaker during the second subperiod, especially causality
running from banks to their sovereigns (see Panel A) and from European banks to the
Greek sovereign (see Panel B). However, there is no evidence of causality running
from Greek sovereign CDS to bank CDS in the post-PSI period aside from some
differences in the degree of statistical significance (see Panel B). In the majority of
cases, causality is unidirectional in the second period. We find bidirectional causal
linkages only between the sovereign and bank CDS spreads of Spain, Ireland and
France. A rather surprising result in this period is the absence of causality between
Greek sovereign and bank CDS. Causality is also weaker between the aggregate CDS

series in the second subperiod (see Panel C).

We re-apply the linear Granger causality test to the VAR- or VEC- filtered
residuals, in order to specify any possible remaining linear causality effects after first
moment filtering. The residual series are stationary, whereas the Johansen test does
not indicate any cointegration relationships between them.®® Hence, we run a VAR
model in raw data, so as to perform the pairwise linear causal analysis.’” It is
interesting that linear causality vanishes in most cases after VAR/VEC filtering in
both subperiods, as shown in Table 1.2. We find only unilateral causal relationships
running from the Irish bank CDS spreads to the sovereign CDS of Ireland and Greece,
and from Spanish bank CDS to sovereign credit spreads of Spain in the second
subperiod. Thus, we surmise nonlinear causality effects may be present albeit not

captured by linear causality tests.
1.5.2.2. Impulse response functions - Forecast error variance decomposition

Complementary to the linear Granger causality test, we carry out impulse response
and variance decomposition analysis, in order to investigate the full dynamics of the
VAR or VEC model, only in cases where we identify a linear Granger causal
relationship between the two time series. We use the VAR or VEC framework to
estimate the impulse responses, depending on the existence of cointegration between

each pair of variables.

% The Ljung-Box Q-test on the residuals fails to reject the null hypothesis that there is no
autocorrelation up to 10 lags.

%7 The optimal lag length is determined according to the AIC once again and is equal to one for each
pair of variables, in both subperiods.
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The impulse response graphs, as shown in Figures Al and A2 in the Appendix,
depict the progress of the response of sovereign CDS spreads, after a one standard
deviation shock to the equation of the bank CDS spreads, and vice versa, over a 10-
day horizon. The overall results are generally in agreement with the findings from the
Granger causality tests. We find strong effects from sovereign CDS spreads to the
corresponding bank CDS spreads, both in the period before and after the PSI program.
In particular, we find stronger response of Greek, Irish, Portuguese and Spanish bank
CDS to their sovereign CDS in the first subperiod, and Spanish bank CDS to
sovereign CDS in the second subperiod. These findings indicate that the linkages are
stronger in countries with weaker fiscal fundamentals supporting proposition P1b.
Conversely, the impact of bank CDS on sovereign CDS is low, in most cases,
especially in the second subperiod. The impact on bank CDS after a shock to the
sovereign credit spreads of Greece is weaker during the second subperiod,
corroborating proposition P2c. We also find lower persistence and magnitude in the

effects of CDS shocks in the second subperiod.

Forecast error variance decomposition analysis shows that in the first subperiod, the
largest fraction of variability in all sovereign CDS spreads is explained by their own
shocks and only a small proportion by bank CDS spreads. On the contrary, we
observe that sovereign CDS spreads account for a significant proportion of the
variation in bank CDS. The results in the second subperiod are similar albeit not as
strong. We do not find strong influence from the sovereign CDS spreads of Greece to
the bank CDS spreads of the other countries — with the French bank CDS spreads

being the only exception — consistent with proposition P2c.
1.5.2.3. Hsiao causality test

We proceed by examining for possible interrelation between sovereign and bank
credit risk considering the Hsiao (1981) causality test. Table A5 in the Appendix
provides the results of the Hsiao test, after calculating the FPESs, based on equations
(1.10) and (1.11), in case the series are not cointegrated and on equations (1.12) and

(1.13), if there is a long-run relationship between them. In the latter case, we include
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an error-correction term.®® The results do not present significant deviations, in relation

to the corresponding Granger causality test results.

During the first subperiod, we find significant bidirectional causality between the
sovereign and bank CDS series. The only exception is the Portuguese and Irish bank
CDS, which do not affect the CDS of the respective countries. Therefore, in a total of
thirty-eight possible causal relations, causality is not detected in only two cases. In the
second subperiod, we observe a limitation of the causal relations. More precisely, we
do not find causality from the Greek, Portuguese, Italian, Spanish and Dutch bank
CDS to their corresponding sovereign CDS series. Moreover, there is no interaction
running from the sovereign CDS spreads of Greece and Germany to the Greek and
German bank CDS, respectively. Also, the results show that there are no causal
effects from the Portuguese bank CDS to the Greek sovereign CDS spreads.
Concerning the aggregate CDS series, we do not observe any significant causal
interrelations from the unweighted bank CDS to the Greek sovereign CDS spreads

and from the unweighted sovereign CDS to the unweighted bank CDS series.

Furthermore, we calculate the difference of the minimum FPEs calculated in steps 1
and 2, FPE(k,0)-FPE(k,I), that capture causal changes between the two subperiods,
The results are presented in Table 1.3. We infer that after the implementation of the
PSI program, there is a reduction in the magnitude of the contagion effects between
sovereign and bank default risk for the most pairs of the CDS series, since the level of
differences between the FPEs have decreased in the second period. This renders

support to the competing propositions P1c and P2c.

However, we find an increase in the causal effects running from the Italian, French
and German bank CDS to the Greek sovereign CDS premiums and from the French
bank CDS to the sovereign credit spreads of France.®® Furthermore, the influence of
the weighted and unweighted bank CDS to the corresponding sovereign CDS spreads
strengthens during the second subperiod, as well as, the causal effects running from

the weighted bank CDS to the sovereign CDS spreads of Greece.

% \We specify the maximum number of lags K equal to 25. Hsiao (1981) sets this number equal to 15,
but he uses quarterly data in his research.

% This is probably due to the fact that French private and government-led banks kept in their portfolios
a large amount of Greek bonds during the implementation of the PSI, resulting in the strengthening of
bank credit risk, and, its interaction with sovereign credit risk.

46



The nexus between sovereign and banking risk in the Euro area: The PSI effect

Table 1.3: Change of causality based on Hsiao causality test

Response Coptrol 1st period 2nd period Causality
variable variable FPE (k,0) - FPE (k) FPE (k,0) - FPE (k,I)
Panel A
FR FR_Banks 0.0000269 0.0000730 1
DE DE_Banks 0.0000279 0.0000002 !
PT_Banks PT 0.0000754 0.0000095 !
IT_Banks IT 0.0000573 0.0000081 !
SP_Banks SP 0.0000334 0.0000065 !
IR_Banks IR 0.0000252 0.0000019 !
FR_Banks FR 0.0000150 0.0000096 !
NL_Banks NL 0.0000183 0.0000049 l
Panel B
GR IT_Banks 0.0000236 0.0000500 1
GR SP_Banks 0.0000296 0.0000012 !
GR IR_Banks 0.0000049 0.0000021 !
GR FR_Banks 0.0000085 0.0000854 1
GR NL_Banks 0.0000229 0.0000068 !
GR DE_Banks 0.0000296 0.0000458 1
PT_Banks GR 0.0000709 0.0000030 !
IT_Banks GR 0.0000702 0.0000038 !
SP_Banks GR 0.0000290 0.0000015 !
IR_Banks GR 0.0000181 0.0000054 !
FR_Banks GR 0.0000325 0.0000090 !
NL_Banks GR 0.0000277 0.0000001 !
DE_Banks GR 0.0000186 0.0000015 !
Panel C
AllCountries AllBanks
(Weighted) (Weighted) 0.0000049 0.0000134 1
AllCountries AllBanks
(Unweighted)  (Unweighted) 0.0000030 0.0000252 1
AllBanks
GR (Weighted) 0.0000239 0.0000340 1
AllBanks AllCountries
(Weighted) (Weighted) 0.0000154 0.0000000 !
AllBanks
(Weighted) GR 0.0000202 0.0000004 !
(U’:\'Ifggnh‘iz ) GR 0.0000264 0.0000008 |

Note: This table presents the changes in causality for the CDS time series, for which there is a causal
relationship in both subperiods. Period 1 ranges from 1 Jan 2009 to 26 Oct 2011 and period 2 from 27
Oct 2011 to 30 May 2014. FPE is the final prediction error.
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1.5.3. Difference-in-difference model

Afterwards, we examine for changes in the causal interrelationship between the
CDS series through an alternative methodological approach in relation to the above
subsections. Initially, we test for cointegration between the time series during the
whole sample period. We find long-term equilibrium relationships between the
sovereign and bank CDS series of Italy and Spain. Table 1.4 reports the estimation
results after assessing the equation (1.14).” Consistent with our analysis thus far, it
shows that in the majority of cases PSI has the effect of weakening the nexus between

the CDS series, thereby providing further support to propositions P1c and P2c.

More specifically, by determining the coefficient of the variable INT (Interaction)
for each relationship between the CDS series, we specify the effect of a change (by
one unit) of bank CDS spreads -after the announcement of the PSI- to the respective
sovereign CDS spreads, and vice versa. If the coefficient of INT is not statistically
significant, we conclude that the effect of the independent variable to the
corresponding equation that we examine has not changed. We note that in all cases,
where the coefficient of the variable INT is statistically significant, there is a
reduction in the influence of bank CDS spreads to the respective countries, and vice
versa. The only exception concerns the effect of the Portuguese bank CDS to the

government CDS spreads of Greece.
1.5.4. Results of nonlinear causality tests
1.5.4.1. Nonlinear dependence BDS test

We set the maximum correlation dimension equal to 6, which corresponds to the
number of the consecutive data points. We also set the value of distance equal to 0.7.
The null hypothesis of linear dependence can be rejected at the 1% significance level
for almost all the univariate series (p-value=0). Thus, preliminary analysis confirms
possible nonlinear dependence in the in the raw as well as VAR- or VEC- filtered

series.

™ In case that there are no cointegrating relationships between the CDS series, we estimate the
following equation: AY;; = dy + d,PSI + d,INT + d;AX;, + u;.
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Table 1.4: Difference-in-difference results

Response

Control

Coefficient of

variable variable INT Causality
Panel A
or s ooy !
PT PT_Banks 'O(f)i%)?ggg)** l
G
SP SP_Banks (2;:13%)%%;* l
IR IR_Banks ('&%?33}1785) _
FR FR_Banks (8:0003332) ]
NL NL_Banks %plfgg%)zz’)‘* |
DE DE_Banks %pzzlg%g’:)‘* |
GR_Banks GR o(éi%)gggg)** l
PT_Banks PT (2 r)lzgé%%;* l
IT_Banks IT (‘?:%Og(?%% _
SP_Banks SP (‘?:%1315%) _
IR_Banks IR -0(, FZ, 23.706020*)** l
FR_Banks FR -0,({133)?0155)** l
NL_Banks NL (3200322%) _
DE_Banks DE (2 gfgg%%;* l
Panel B
e WG
R mees RRNET
o B ooy !
R meme oy
AL
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-0.260043**

GR NL_Banks (p=0.0140) !

GR DE_Banks o(pzfg%‘(‘)%;* |

PT Banks GR 0(;35 B%%)B;* !

IT_Banks GR -O(SEJ %)%)%)0) !

SP_Banks GR O(SZOS (())%(())O) !
_ *hk

IR_Banks GR O(pzfg %)%%0) !
. *hk

FR_Banks GR (2;:13 4(1)‘(1)%)0) !
. *hKk

NL_Banks GR czplfg %)?)%0) !
. *hk

DE_Banks GR (2‘)2:781 %)%%)0) !

Panel C
AllCountries AllBanks -0.222362***
(Weighted) (Weighted) (p=0.0035) |
AllCountries AllBanks -0.289925***
(Unweighted)  (Unweighted) (p=0.3447) |
AllBanks -0.333059%**

GR (Weighted) (p=0.0080) l

AllBanks -0.367981**

GR (Unweighted) (p=0.0282) l
AllBanks AllCountries -0.246111***

(Weighted) (Weighted) (p=0.0000) |
AllBanks AllCountries -0.372851***

(Unweighted)  (Unweighted) (p=0.0000) |
AllBanks -0.277710%**

(Weighted) GR (p=0.0000) l
AllBanks -0.248994***

(Unweighted) GR (p=0.000) l

Note: INT is the PSI interaction variable with the corresponding CDS. Numbers in
parentheses are p-values. *, **, *** denote statistical significance at the 10%, 5%, and 1%
level, respectively.
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1.5.4.2. Diks and Panchenko non-parametric Granger causality test

Based on the BDS test results,”* we apply the non-parametric D&P (2006) nonlinear
Granger causality test, in order to investigate for nonlinear causal dynamic
interactions between the sovereign and bank CDS series. We present the results after
performing the D&P test to the log-differenced series, and, to the VAR- or VEC-
filtered residuals. Table 1.5 presents the results of the D&P nonlinear causality test for
the log-differenced CDS series with the number of lags set at 1,=1,=1,2,3,4,5,6.” In
the first subperiod, there is evidence of strong and persistent bidirectional nonlinear
causal effects for the majority of the pairs of CDS series. There is no evidence of
causality between the sovereign and bank CDS spreads of Ireland (see Panel A).
Moreover, there are no nonlinear causal effects between the Irish bank CDS spreads
and sovereign credit spreads of Greece (see Panel B). We also do not detect nonlinear
causality running from the unweighted sovereign CDS spreads to the corresponding
bank CDS, and from the Greek sovereign CDS to the unweighted bank CDS spreads
of our sample (see Panel C).

In the second subperiod, we observe weaker nonlinear causal relationships albeit
their number is greater than those reported in Table 1.2 above. There is also stronger
evidence of bidirectional causality in comparison to the results of Table 1.2,
especially in the relationship between Greek sovereign CDS and European bank CDS
(see Panel B). More precisely, we do not find nonlinear interrelationships between the
sovereign and bank CDS spreads of Ireland, whereas the Greek, Portuguese and
German bank CDS do not have significant nonlinear causal effects on the respective
sovereign CDS spreads (see Panel A). Also, there are no causal effects running from
the bank credit spreads of lIreland, the Netherlands and Germany to the Greek
sovereign credit spreads, while the latter do not influence the bank CDS spreads of
Italy and the Netherlands. Contrary to the results of the first subperiod, in the second
one, the lag values of sovereign CDS spreads of Greece have significant explanatory
power for predicting the French and German bank CDS spreads (see Panel B).

™ According to D&P (2006) “the test statistic can be interpreted as an average over local BDS
statistics".

"2 Following Bekiros and Diks (2008), we set the constant term C* equal to 7.5. We set the optimal
bandwidths at 1.14 for the first period and 1.17 for the second period. For robustness, we perform the
D&P test for different bandwidths with no noticeable effects on the results.
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Table 1.5: Nonlinear D&P Granger causality results in raw return data

Period 1
Depepdent Indep_endent =1 |=2 =3 |=4 I=5 1=6
Variable Variable
Panel A
GR GR_Banks 0.000%*  0.002°* _ 0.009%* 0008 _ 0011**  0.038**
PT PT Banks 0.000%**  0.000%**  0.009%***  0038**  0.037**  0.104
T IT Banks 0.005%%*  0034**  0010**  0027**  0.060* 0.154
SP SP_Banks 0.013** 0.010%*  0.006***  0.035**  0.299 0.397
IR IR_Banks 0.463 0.174 0.708 0.866 0.722 0.840
FR FR_Banks 0.028** 0.010%*  0.021**  0.023**  0022%%  0.043**
NL NL_Banks 0.010%* 0.021**  0.053* 0.077* 0.121 0.081*
DE DE_Banks 0.010%* 0.000%**  0.005%**  0.034**  0.050* 0.045%*
GR_Banks GR 0.006%**  0.113 0523 0.570 0.948 0.972
PT Banks PT 0.002%%*  0.000%**  0.001***  0.004***  0.023**  0.049**
IT Banks T 0.055* 0.073* 0.025%*  0.085* 0.158 0.381
SP_Banks SP 0.005%**  0.000%**  0.001***  0.009%**  0.028**  0.059*
IR_Banks IR 0.619 0.495 0.476 0.524 0.799 0.791
FR_Banks FR 0.001***  0.001***  0.035**  0.075* 0.209 0.182
NL_Banks NL 0.055* 0.052%*  0.292 0.475 0525 0.740
DE_Banks DE 0.003%**  0003***  0.001**  0.005%**  0.010**  0.150
Panel B
GR PT Banks 0.0007*  0.001* _ 0.009* _ 0.030** _ 0.039** _ 0.074*
GR IT Banks 0.001%**  0.001%**  0.006***  0017**  0.043**  0.096*
GR SP_Banks 0.019%* 0.040**  0.196 0.315 0.345 0.246
GR IR_Banks 0.344 0.191 0.683 0571 0.500 0.527
GR FR_Banks 0.013** 0.018**  0.060* 0.069*  0.051* 0.180
GR NL_Banks 0.000%%*  0.001%**  0.005%** 0005 0017**  0.022**
GR DE_Banks 0.030%* 0.006%**  0.045%*  0.246 0.257 0.384
PT_Banks GR 0.048%* 0.041**  0.089* 0.073* 0433 0.754
IT Banks GR 0.021%* 0.011%*  0010%*  0.037**  0.283 0.418
SP_Banks GR 0.076* 0.047*%*  0018**  0.023**  0.102 0.236
IR_Banks GR 0.921 0.499 0.570 0.716 0.794 0.839
FR_Banks GR 0.086* 0.071* 0.230 0.249 0.419 0.271
NL_Banks GR 0.110 0.154 0.115 0.068*  0.147 0.281
DE_Banks GR 0.106 0.064* 0.224 0.150 0.395 0.368
Panel C
AllCountries AllBanks . ek ok o .
(Weightsd)  (Weightec) 0.000 0.003 0.006 0.026 0.098 0.190
AllCountries AllBanks - .
Unweighted)  (Unveighted)  ©0%! 0.051 0.157 0.240 0.243 0.366
GR AllBanks 0.006%**  0.009%**  0044**  0085*  0.112 0.297
(Weighted)
GR AllBanks 0.018** 0.020%*  0.106 0.091 0.233 0.410
(Unweighted)
AllBanks AllCountries . - o
(Weightsd)  (Weighted) 0.067 0.014 0.034 0.045 0.261 0.234
AllBanks AllCountries
Unwcighted)  (Unneighted) 7% 0.597 0.401 0.373 0.728 0.774
AllBanks GR 0.179 0.061* 0.194 0.287 0520 0.597
(Weighted) ' ' ' ’ ' '
AllBanks GR 0.488 0.231 0.367 0.537 0.787 0.887
(Unweighted)
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Period 2
Dependent Independent _ _ _ _ _ -
Variable Variable I=1 =2 =3 I=4 I=5 =6
Panel A
GR GR_Banks 0.2383 0.2798 0.1905 0.1391 0.1401 0.1543
PT PT_Banks 0.5467 0.8285 0.9686 0.7497 0.6264 0.5632
IT IT_Banks 0.47068 0.0309** 0.0170** 0.0464** 0.1093 0.1730
SP SP_Banks 0.0127** 0.0537* 0.1411 0.2737 0.5438 0.6041
IR IR_Banks 0.5793 0.1843 0.3133 0.2333 0.1826 0.2020
FR FR_Banks 0.0027*** 0.0025*** 0.0148** 0.0783* 0.0877* 0.2091
NL NL_Banks 0.0215** 0.0820* 0.0994* 0.2425 0.4568 0.3191
DE DE_Banks 0.1310 0.1161 0.3063 0.4271 0.3197 0.4601
GR_Banks GR 0.3448 0.1078 0.3326 0.1091 0.0531* 0.0665*
PT_Banks PT 0.0216** 0.2118 0.3685 0.6087 0.4171 0.4455
IT_Banks IT 0.0154** 0.1361 0.1794 0.4643 0.1696 0.2199
SP_Banks SP 0.0404** 0.1295 0.2464 0.2973 0.2031 0.2841
IR_Banks IR 0.9561 0.9294 0.9644 0.2573 0.3309 0.4757
FR_Banks FR 0.0005*** 0.0101** 0.0982* 0.0457** 0.1061 0.6556
NL_Banks NL 0.9357 0.5441 0.3034 0.8148 0.8073 0.8310
DE_Banks DE 0.0366** 0.3273 0.6935 0.1706 0.0885* 0.0340**
Panel B
GR PT_Banks 0.0668* 0.1942 0.4256 0.6378 0.3809 0.3515
GR IT_Banks 0.0845* 0.1311 0.1481 0.0817* 0.1358 0.1941
GR SP_Banks 0.0887* 0.1679 0.0493** 0.1016 0.1648 0.1463
GR IR_Banks 0.1469 0.6871 0.9849 0.9538 0.5464 0.5288
GR FR_Banks 0.0330** 0.0051*** 0.0170** 0.0187** 0.0136**  0.0747*
GR NL_Banks 0.4208 0.6325 0.4486 0.4403 0.4578 0.5796
GR DE_Banks 0.3041 0.2323 0.5456 0.5183 0.7978 0.8797
PT_Banks GR 0.0708* 0.1670 0.6344 0.8280 0.8556 0.8295
IT_Banks GR 0.1981 0.3395 0.2261 0.4571 0.5312 0.7230
SP_Banks GR 0.0257** 0.1531 0.0656* 0.1545 0.1450 0.4425
IR_Banks GR 0.7980 0.3800 0.2301 0.0949* 0.1227 0.1826
FR_Banks GR 0.001*** 0.0008*** 0.0012***  0.0162** 0.0103**  0.0220**
NL_Banks GR 0.6542 0.9192 0.8781 0.8957 0.5453 0.7305
DE_Banks GR 0.0112** 0.0883* 0.2000 0.3080 0.2273 0.4764
Panel C
AllCountries AllBanks
(Weighted) (Weighted) 0.0427** 0.0693* 0.0646 0.0865* 0.3120 0.6213
AllCountries AllBanks
(Unweighted)  (Unweighted) 0.0328** 0.0843* 0.1078 0.3647 0.2163 0.2688
AllBanks
GR (Weighted) 0.0619* 0.0755* 0.0539* 0.0312** 0.0763* 0.3258
AllBanks
GR (Unweighted) 0.5435 0.2443 0.5266 0.3571 0.2856 0.5287
AllBanks AllCountries
(Weighted) (Weighted) 0.0195** 0.0343** 0.0056***  0.0181** 0.0637* 0.1315
AllBanks AllCountries
(Unweighted)  (Unweighted) 0.0498** 0.0254** 0.0160** 0.0284** 0.0590* 0.0101**
AllBanks
(Weighted) GR 0.0197** 0.0234** 0.0268** 0.0793* 0.0468**  0.1823
AllBanks
(Unweighted) GR 0.5274 0.1953 0.1610 0.1780 0.1260 0.1579

Note: The table reports p-values of the nonlinear D&P Granger causality test on the raw return data for lags
Ix=1v=1,2,3,4,5,6. We test the null hypothesis that there is no Granger causality between the sovereign and bank
CDS spreads. *,***** denote rejection of the null hypothesis at the 10%, 5%, and 1% significance level,
respectively.
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There are no causal interlinkages between the unweighted bank CDS spreads and
the Greek sovereign CDS spreads (see Panel C). We notice that the causal effects
running from banks to sovereigns are significantly restricted in the second subperiod,
while the inverse effects are stable in both subperiods. Conclusively, we observe that
there are many nonlinearities in the causal relationships between sovereign and bank

CDS spreads that cannot be captured in a linear framework.

Subsequently, we also examine for nonlinear causal interconnections between the
CDS series by employing the D&P (2006) test to the estimated residual series” that
are obtained from the initial VAR or VEC models. This allows us to eliminate any
potential linear causal dynamics and possible estimation bias™ and to identify whether
the effects shown in Table 1.5 above are strictly driven by nonlinear causality. These
results are reported in Table 1.6. We observe a decrease in the number of causal
relationships after first moment filtering. The change is more notable for the CDS
between banks and their sovereigns (see Panel A) in the first subperiod, and between
the sovereign CDS of Greece and European bank CDS in the second period (see Panel
B). We surmise these findings are consistent with proposition P3c since they suggest
that nonlinear dynamics are less likely to dominate the nexus between sovereign and

bank CDS spreads in the second subperiod.

Analytically, in the first subperiod, in addition to the corresponding results in the
previous step, we do not find strong causal effects running from the Italian bank CDS
spreads to the corresponding sovereign CDS (see Panel A). The Spanish, French, and
German bank CDS do not Granger cause the Greek sovereign CDS spreads, while the
latter have no predictive power on the Portuguese, French and Dutch bank CDS
spreads (see Panel B). We also notice that there are no interactions between the
sovereign CDS spreads of Greece and the weighted and unweighted bank CDS

spreads.

™ We use raw data, since all the residual series are found to be stationary in levels after performing PP,
ADF, and KPSS unit root tests.

™ According to Baek and Brock (1992), the residuals lose their linear predictive power after first
moment filtering, and if there is a sign of causality, this will be attributed to nonlinear predictive
power.

54



The nexus between sovereign and banking risk in the Euro area: The PSI effect

Table 1.6: Nonlinear D&P Granger causality results for VAR- or VEC- filtered data

Period 1
Dep_endent Inde_pendent =1 |=2 =3 =4 I=5 =6
Variable Variable
Panel A
GR GR_Banks 0.013** 0.077* 0.050* 0.059* 0.099* 0.218
PT PT_Banks 0.002*** 0.002*** 0.039** 0.032** 0.056** 0.023**
IT IT_Banks 0.071* 0.276 0.125 0.247 0.383 0.560
SP SP_Banks 0.018** 0.027** 0.045** 0.037** 0.262 0.406
IR IR_Banks 0.907 0.560 0.985 0.971 0.950 0.823
FR FR_Banks 0.129 0.010** 0.041** 0.028** 0.050* 0.070*
NL NL_Banks 0.049** 0.137 0.067* 0.101 0.154 0.141
DE DE_Banks 0.100 0.002*** 0.002*** 0.004*** 0.018** 0.019**
GR_Banks GR 0.004*** 0.030** 0.261 0.297 0.703 0.733
PT_Banks PT 0.150 0.025** 0.007*** 0.010** 0.008*** 0.027**
IT_Banks IT 0.145 0.253 0.333 0.498 0.570 0.639
SP_Banks SP 0.088* 0.051* 0.077* 0.112 0.061* 0.147
IR_Banks IR 0.937 0.741 0.858 0.746 0.780 0.606
FR_Banks FR 0.053* 0.018** 0.055* 0.066* 0.069* 0.190
NL_Banks NL 0.380 0.518 0.266 0.488 0.475 0.573
DE_Banks DE 0.016** 0.017** 0.011** 0.104 0.120 0.441
Panel B
GR PT_Banks 0.048** 0.144 0.087* 0.068* 0.209 0.265
GR IT_Banks 0.197 0.041** 0.019** 0.032** 0.044** 0.099*
GR SP_Banks 0.107 0.242 0.424 0.463 0.544 0.446
GR IR_Banks 0.754 0.483 0.853 0.755 0.175 0.138
GR FR_Banks 0.103 0.163 0.114 0.151 0.151 0.338
GR NL_Banks 0.263 0.051* 0.048** 0.037** 0.059* 0.029**
GR DE_Banks 0.308 0.296 0.543 0.458 0.654 0.519
PT_Banks GR 0.155 0.213 0.126 0.140 0.549 0.621
IT_Banks GR 0.052*** 0.113 0.121 0.218 0.351 0.435
SP_Banks GR 0.055*** 0.145 0.081* 0.053* 0.116 0.196
IR_Banks GR 0.751 0.865 0.927 0.909 0.927 0.943
FR_Banks GR 0.111 0.668 0.768 0.749 0.602 0.596
NL_Banks GR 0.296 0.159 0.163 0.226 0.262 0.453
DE_Banks GR 0.059*** 0.583 0.625 0.329 0.397 0.520
Panel C
AllCountries AllBanks
(Weighted) (Weighted) 0.051* 0.231 0.347 0.340 0.364 0.333
AllCountries AllBanks
(Unweighted) (Unweighted) 0.075* 0.190 0.567 0.352 0.339 0.453
AllBanks
GR (Weighted) 0.262 0.232 0.488 0.338 0.492 0.695
GR AllBanks 4 54 0.251 0.735 0.344 0.521 0.565
(Unweighted)
AllBanks AllCountries
(Weighted) (Weighted) 0.460 0.098* 0.246 0.185 0.293 0.165
AllBanks AllCountries
(Unweighted) (Unweighted) 0.990 0.657 0.592 0.540 0.951 0.937
AllBanks
(Weighted) GR 0.260 0.205 0.254 0.263 0.424 0.583
AllBanks GR 0.657 0.333 0.359 0.329 0.581 0.794
(Unweighted)
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Period 2
Dependent Independent =1 [=2 =3 =4 I=5 1=6
Variable Variable
Panel A
GR GR_Banks 0.351 0.685 0.723 0.790 0.616 0.412
PT PT_Banks 0.982 0.961 0.988 0.667 0.631 0.651
IT IT Banks 0.904 0.363 0.172 0.260 0.669 0.698
SP SP_Banks 0.635 0.338 0.201 0.494 0.631 0.646
IR IR_Banks 0.733 0.501 0.280 0.412 0.435 0.634
FR FR_Banks 0.251 0.084* 0.083* 0.167 0.251 0.519
NL NL_Banks 0.058* 0.109 0.097* 0.216 0.266 0.288
DE DE_Banks 0.095* 0.025** 0.040** 0.223 0.324 0.420
GR_Banks GR 0.337 0.102 0.399 0.603 0.405 0.280
PT_Banks PT 0.119 0.414 0.581 0.512 0.555 0.532
IT_Banks IT 0.075* 0.088* 0.569 0.855 0.493 0.367
SP_Banks SP 0.135 0.195 0.680 0.778 0.631 0.726
IR_Banks IR 0.349 0.509 0.439 0.212 0.133 0.372
FR_Banks FR 0.147 0.221 0.177 0.131 0.473 0.625
NL_Banks NL 0.816 0.670 0.351 0.903 0.288 0.876
DE_Banks DE 0.018** 0.388 0.518 0.315 0.034**  0.032**
Panel B
GR PT_Banks 0.261 0.401 0.643 0.454 0.348 0.506
GR IT_Banks 0.124 0.033** 0.063* 0.058* 0.063* 0.105
GR SP_Banks 0.008*** 0.005*** 0.002* 0.030** 0.040** 0.082*
GR IR_Banks 0.368 0.298 0.872 0.870 0.907 0.828
GR FR_Banks 0.006*** 0.005*** 0.044** 0.022** 0.053* 0.070*
GR NL_Banks 0.680 0.400 0.493 0.727 0.703 0.783
GR DE_Banks 0.308 0.158 0.324 0.536 0.646 0.835
PT_Banks GR 0.257 0.600 0.818 0.737 0.571 0.347
IT_Banks GR 0.304 0.573 0.472 0.724 0.893 0.957
SP_Banks GR 0.188 0.038** 0.023** 0.084 0.110 0.280
IR_Banks GR 0.533 0.365 0.553 0.216 0.063* 0.174
FR_Banks GR 0.004* 0.060* 0.022** 0.088* 0.099* 0.093*
NL_Banks GR 0.471 0.390 0.225 0.265 0.266 0.339
DE_Banks GR 0.056* 0.206 0.324 0.578 0.548 0.600
Panel C
AllCountries AllBanks " -
(Weighted) (Weighted) 0.089 0.152 0.072 0.310 0.796 0.844
AllCountries AllBanks -
(Unweighted) (Unweighted) 0.084 0.156 0.222 0.612 0.627 0.754
GR AllBanks 0.106 0.069* 0.070*  0.227 0.429 0.751
(Weighted)
GR AllBanks 0.287 0.375 0.448 0.609 0.531 0.465
(Unweighted)
AllBanks AllCountries
(Weighted) (Weighted) 0.166 0.234 0.116 0.199 0.420 0.703
AllBanks AllCountries - * o o * o
(Unweighted) (Unweighted) 0.055 0.062 0.041 0.037 0.051 0.027
AllBanks
(Weighted) GR 0.139 0.699 0.240 0.346 0.407 0.346
AllBanks GR 0.727 0.913 0.602 0.587 0534 0607
(Unweighted)

Note: The table reports p-values of the nonlinear D&P Granger causality test on the VAR- or VEC- filtered
data for lags Ix=1y=1,2,3,4,5,6. We test the null hypothesis that there is no Granger causality between the
sovereign and bank CDS spreads. *,**,*** denote rejection of the null hypothesis at the 10%, 5%, and 1%
significance level, respectively.
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In the pairs of CDS series where the D&P test results verify the existence of
nonlinear causal effects, we observe that the duration and the magnitude of these
effects have been reduced. Concerning the causal effects between the weighted
sovereign and bank CDS spreads, the findings are in the same direction.

The results indicate the presence of weak nonlinear causal interconnectedness, in
the second subperiod. We find nonlinear bidirectional causal relationships between
the sovereign and bank CDS spreads of Germany. There are persistent one-sided
causal relationships derived from the French and Dutch bank CDS to the
corresponding sovereign CDS and from the Italian sovereign CDS spreads to the bank
CDS (see Panel A). Additionally, we identify nonlinear interlinkages between the
Greek sovereign and French bank CDS spreads and between the Greek sovereign and
Spanish bank CDS. There are unilateral weak causal relationships running from the
Italian bank CDS to the Greek sovereign CDS spreads and from the Greek sovereign
CDS to the Irish and German bank CDS (see Panel B). Also, the weighted bank CDS
have weak causal effects on the weighted sovereign CDS spreads and on the Greek
sovereign CDS, whereas there is a bidirectional relationship between the unweighted

sovereign and bank CDS spreads (see Panel C).
1.5.5. GARCH results

ARCH tests on the residual series that arise from the initial VAR or VEC models,
indicate the existence of conditional heteroskedasticity in the CDS series. Before
performing the nonlinear Granger causality tests, it is necessary to address possible
heteroskedastic structures that distort the causality test results. This happens because
they contribute to the over-rejection of the null hypothesis. Our aim is to capture the
volatility spillover effects between sovereign and bank CDS series, in both
subperiods. For this purpose, we use the standardized GARCH-filtered residuals’ that
arise after second moment filtering and we re-run the causality tests in each

subperiod.

The results of the D&P nonlinear causality test after GARCH-BEKK filtering are

shown in Table 1.7.° The persistence and significance of nonlinear causal

™ We use the conditional covariance matrix H, to whiten the VAR or VEC residuals via the matrix
transformation z=H, *u.

" There is a possibility of higher-order conditional moments between the CDS series, if nonlinear
causal effects persist after GARCH-BEKK filtering.
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relationships are lower than those reported previously. Some of the notable
differences are as follows: There is no longer evidence of bidirectional causality
between Spanish, French and German bank and sovereign CDS after GARCH-BEKK
filtering in the first subperiod albeit unidirectional causality from German and
Spanish bank CDS to their sovereign CDS is maintained. There is also no evidence of
causality running from Italian bank CDS to sovereign CDS, and from Greek
sovereign CDS to German and Italian bank CDS. In the second subperiod, we find no
evidence of unidirectional causality from Dutch and French bank CDS to their
sovereign CDS, and from Greek and Italian sovereign CDS to the corresponding bank
CDS, after GARCH-BEKK filtering. This reduction in the causal relationships
corroborates the presence of volatility spillover effects as postulated by proposition
P3b.

More specifically, in the first subperiod, we find persistent causal effects from
Greek, Portuguese and German bank CDS to the corresponding sovereign CDS
spreads. In addition, there are shorter duration unilateral causal relationships from
Spanish and Dutch bank CDS spreads to the sovereign CDS of Spain and the
Netherlands (see Panel A). There is also weak evidence of causality running from
Greek sovereign CDS spreads to Greek, Portuguese, Spanish, German and
unweighted bank CDS spreads (see Panels B and C). In the second subperiod, we find
evidence for the existence of bidirectional causal interlinkages between German
sovereign and bank CDS spreads (see Panel A). Moreover, there are strong
interrelationships between Greek sovereign and Spanish bank CDS, as well as
between Greek sovereign and Portuguese bank CDS. There are also causal effects
from French and German bank CDS to the sovereign CDS spreads of Greece, and
persistent causal effects from Italian bank CDS spreads to Greek sovereign CDS (see
Panel B). The sovereign credit spreads of Greece have weak causal effects on the
weighted bank CDS, while the unweighted sovereign CDS spreads have significant
explanatory power for predicting the respective bank CDS (see Panel C).

Overall the results of Table 1.7 show that volatility effects and spillovers are
occurring mainly in Panel A, namely in the CDS spreads between banks and their
sovereigns. On the other hand, the results in Panels B and C indicate that nonlinear
causal effects persist after GARCH filtering in both periods, suggesting that volatility
spillovers are less likely to induce nonlinear causality.
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Period 1
Dependent Independent _ _ _ _ _
Variable Variable =1 I=2 =3 I=4 1= 1=6
Panel A
GR GR_Banks 0.045%* 0.072* 0.039%* 0.020%*  0.017**  0.049**
PT PT Banks 0.000%**  0.006%**  0.057* 0.126 0.310 0.099*
T IT_Banks 0.132 0.265 0.252 0.318 0.324 0.396
Sp SP_Banks 0.032%* 0.041%* 0.073* 0.273 0.695 0.671
IR IR_Banks 0.654 0.452 0.943 0.793 0.833 0.853
FR FR_Banks 0.178 0.143 0.192 0.396 0.385 0.537
NL NL Banks  0.055% 0.106 0.046%* 0.107 0.184 0.218
DE DE_Banks 0.469 0.016%* 0.020%* 0.044**  0.041**  0.065*
GR_Banks GR 0.028** 0.128 0.416 0.349 0.725 0.778
PT Banks PT 0.280 0.150 0.099* 0.064*  0.137 0.252
IT_Banks T 0.477 0.399 0.612 0.816 0.582 0516
SP_Banks SP 0.197 0.206 0.153 0.469 0.120 0.196
IR_Banks IR 0.749 0.449 0.392 0.245 0.366 0.448
FR_Banks FR 0.749 0.428 0.560 0.813 0.706 0.544
NL_Banks NL 0.470 0.682 0.488 0.777 0.842 0.897
DE_Banks DE 0.220 0.177 0.087* 0.215 0.467 0.591
Panel B
GR PT Banks 0.144 0.569 0.241 0.087*  0.261 0.406
GR IT_Banks 0.708 0.200 0.031%* 0.118 0.253 0.506
GR SP_Banks 0.297 0.218 0.305 0.387 0.547 0.551
GR IR_Banks 0.679 0.643 0.866 0.756 0.298 0.105
GR FR_Banks 0.202 0.232 0.130 0.264 0.527 0.794
GR NL_Banks 0.824 0.269 0.141 0.102 0.060*  0.064*
GR DE_Banks 0.650 0.332 0.713 0.758 0.977 0.931
PT Banks GR 0.046%* 0.360 0.147 0.145 0.346 0.547
IT_Banks GR 0.249 0.408 0.632 0.674 0.294 0.238
SP_Banks GR 0.057* 0.165 0.096 0.110 0.161 0.234
IR_Banks GR 0.851 0.655 0515 0.368 0.615 0.527
FR_Banks GR 0.166 0.673 0.612 0.679 0.529 0.375
NL_Banks GR 0.199 0.217 0575 0.648 0.658 0.495
DE_Banks GR 0.042%* 0.122 0.122 0.066*  0.163 0.051*
Panel C
/?\levce?;r?tt;;s (x;i;::;) 0.048%* 0110 0.480 0.927 0.747 0.658
AllCountries AllBanks
(Unuighted) Unweightee) 0142 0.257 0.665 0.257 0.173 0.146
GR (x;i;::;) 0.383 0.247 0.519 0.417 0.880 0.975
GR (Uﬁl'vsi‘;”hﬁ g 0102 0.157 0.502 0.083* 0302 0.262
(x;?gf;:;) /?\levi?::t:;e)s 0.824 0.672 0.668 0.277 0.356 0.293
AllBanks AllCountries
(Unweighted) Uneighed) 0872 0.626 0.415 0.308 0.572 0.525
(x;?gf;:;) GR 0.100 0.305 0573 0.478 0.269 0.489
(U’:\'I'Vz‘;r;]ﬁ " GR 0.198 0.103 0.061* 0.087* 0.278 0.485
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Period 2
Dependent Independent =1 |=2 =3 |=4 =5 1=6
Variable Variable
Panel A
GR GR_Banks 0.736 0.837  0.861 0.852 0.790 0.870
PT PT Banks 0.939 0962 0975 0.720 0.775 0.840
IT IT_Banks 0.588 0131  0.187 0.329 0.575 0.893
Sp SP_Banks 0.672 0444  0.492 0.557 0.779 0.751
IR IR_Banks 0.788 0695  0.375 0.505 0.600 0.791
FR FR_Banks 0.720 0443 0421 0.652 0.859 0.823
NL NL_Banks 0.215 0452  0.483 0.822 0.706 0.787
DE DE_Banks 0.377 0.079%** 0.065*  0.223 0.784 0.761
GR_Banks GR 0.424 0224  0.481 0.561 0.291 0.500
PT Banks PT 0.232 0.466  0.526 0.625 0.646 0.604
IT_Banks T 0.287 0280  0.660 0.937 0.701 0.736
SP_Banks sp 0.232 0220  0.789 0.917 0.841 0.821
IR_Banks IR 0.415 0552  0.565 0.296 0.178 0.332
FR_Banks FR 0.546 0344  0.167 0.056* 0.307 0.283
NL_Banks NL 0.282 0439  0.147 0.636 0.677 0.365
DE_Banks DE 0.007* 0215  0.449 0.599 0.099* 0.030%*
Panel B
GR PT Banks 0.019%*  0.039%* 0.137 0.076* 0.144 0.370
GR IT Banks 0.052%%*  0.081** 0.078*  0031**  0030**  0.072*
GR SP_Banks 0.081%**  0.064*** 0.010%*  0.049**  0.062* 0.162
GR FR_Banks 0.047**  0.093*** 0.190 0.284 0.119 0.151
GR IR_Banks 0.709 0732  0.380 0.477 0.585 0.818
GR NL_Banks 0.584 0332 0.248 0.574 0.406 0.471
GR DE_Banks 0.389 0.018** 0.119 0.276 0.640 0.833
PT Banks GR 0.073*** 0197  0.293 0.321 0.154 0.128
IT_Banks GR 0.284 0435  0.204 0.359 0.702 0.633
SP_Banks GR 0.394 0256  0.002*  0.072* 0.070* 0.350
FR_Banks GR 0.111 0378  0.117 0.218 0.394 0.367
IR_Banks GR 0.254 0544  0.556 0.342 0.313 0.504
NL_Banks GR 0.137 0189  0.110 0.133 0.143 0.180
DE_Banks GR 0.184 0280  0.273 0.762 0.863 0.881
Panel C
/?\','Vcecl’;;t:('f)s (xézzr::z) 0.156 0.307 0.176 0.319 0.356 0.450
AllCountries AllBanks
Onomighted) (Unneighegy  O7%4 0.149 0.218 0.570 0.622 0.768
GR (x:;i’::j) 0.090%** 0132 0183  0.398 0.347 0.503
GR (U‘n\\','vfi"‘;r:i g 022 0439 0528 0497 0.671 0.523
(xéi;rl:fj) ’?\'/'\Z‘I’;‘:t:;‘;s 0.337 0498 0164 0404 0.297 0.655
(U’;]\\','Vfi"‘;r:i ) (’a'r'sv‘:l‘;‘;::;s) 0.709 0034  0049%*  0047**  0087*  0.030%*
(x;i;:l:fj) GR 0.101 0370  0083*  0.108 0.130 0.270
AllBanks GR 0.376 0.633 0.216 0.334 0.502 0.771
(Unweighted)

Note: The table reports p-values of the nonlinear D&P Granger causality test on the GARCH-BEKK-
filtered data for lags Ix=ly=1,2,3,4,5,6. We test the null hypothesis that there is no Granger causality
between the sovereign and bank CDS spreads. *,**,*** denote rejection of the null hypothesis at the
10%, 5%, and 1% significance level, respectively.
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1.6. Conclusions

In this study, we provide evidence on the changing dynamics characterizing the
nexus between sovereign and bank credit risk around an important event during the
European sovereign debt crisis, specifically the period before and after the
announcement of the PSI. Our results show that there were significant bidirectional
causal interrelationships between sovereign and bank credit risk in the period before
the PSI, especially from sovereign credit spreads to the corresponding banking sector
credit spreads. We find that the dynamic interlinkages between banks and sovereigns
in terms of magnitude and persistence weakened after the PSI, and this result holds
consistently across a step-by-step procedure involving linear and nonlinear causality
tests both in terms of raw and filtered data. We surmise this evidence supports the
view that the PSI was successful in weakening the nexus between banks and

sovereigns, and in this sense it may be viewed as a positive outcome.

In the case of Greece, we find bidirectional causality between banks and their
sovereign in the first period but surprisingly little evidence of causality in the second
period aside from some weak evidence of nonlinear causality at longer lags. We
surmise this evidence is consistent with an important element in the PSI providing
Greek banks full recovery through recapitalization for portfolio losses suffered as a
result of the PSI haircut, thereby preventing country-specific risk turning to a
systemic risk. Additionally, our results suggest that strong causal effects running from
Greek sovereign CDS to bank CDS of other Eurozone countries in the period before

the PSI appears to have been greatly subdued in the following subperiod.

The extension of causality testing to a nonlinear framework captures more
efficiently the unpredictable and abnormal variations in CDS markets that occurred
under the crisis conditions. More specifically, the D&P (2006) Granger causality test
provides significant evidence of nonlinear causal relationship between sovereign and
bank CDS series. We observe that the D&P causality test results indicated additional
Granger causal relationships that were not evident from linear causality tests,
specifically for Portuguese banks on their sovereign in the first period, Italian banks
on their sovereign and Greek sovereign on Greek banks in the second period.
Additionally, whilst most linear causal relationships vanished after VAR/VEC
filtering, nonlinear causal linkages were still present and more importantly persisted

after multivariate GARCH filtering during both periods.
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European banks had significant albeit varying exposures to Greek sovereign debt,
with the effectiveness of the PSI program resting in its ability to balance these risks
while delivering a positive outcome in terms of placing Greek sovereign debt on a
more sustainable path. Hence, the success of the program rested on its ability to raise
investor confidence improving Greece's prospects to regain access in international
financial markets, while mitigating the transmission of the Greek sovereign crisis to

the rest of the Eurozone.

Moreover, an indication of the effectiveness of the PSI was the significant reduction
of deposit outflows from the Greek banking system in the period after the program.
According to the Bank of Greece deposits from July 2012 to November 2014
increased by EUR 13.7 billion. Combined with the process of recapitalization, this led
to a more stable banking sector, which was necessary to ensure the sustainability of
the Greek banks and reduce systemic risk. The latter resulted in the upgrade of the
creditworthiness of Greece according to the Standard and Poor's. As noted by The
Economist “the impact of laying out a credible path to debt sustainability could be
powerful. Greeks could start to believe they have a way out of the crisis; investors
could put money in the country with more certainty. It could create a positive circle of
confidence and growth.” (The Economist 10 Nov. 2012). With hindsight, the debt
restructuring was necessary, albeit not sufficient, to deal with an increasingly dire
situation (see Zettelmeyer et al. 2013).
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Appendix

Table Al: The sample of countries and banking institutions

Banking Institutions

National Bank of Greece

GR_Banks EFG Eurobank Ergasias SA
Alpha Bank AE
Banco Espirito Santo SA
PT_Banks

Banco Commercial Portugues SA

Mediobanca SpA

IT_Banks Banca Popolare di Milano

Banca Monte dei Paschi Siena

Banco de Sabadell SA

SP_Banks Banco Bilbao Vizcaya Argentaria SA
Banco Popular Espanol SA
IR_Banks Bank of Ireland
Natixis
FR_Banks BNP Paribas SA

Credit Agricole SA

Cooperatieve Centrale Raiffeisen Boerenleenbank B.A
NL_Banks (Rabobank)

F. Van Lanschot Bankiers NV

Commerzbank AG

Deutsche Bank AG

DE_Banks IKB Deutsche Industriebank AG

Bayerische Landesbank

Note: The table presents the countries and the banking institutions of our sample. We weigh
the bank CDS, in order to form the index of bank CDS spreads for each country, based on
their total liabilities in each year.
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Table A2: Pairwise correlations between the log-differences of sovereign and bank

CDS spreads
1st period 2nd period
GR-GR_Banks 0.3283 0.0543
PT-PT_Banks 0.6361 0.3502
IT-1T_Banks 0.6607 0.6261
SP-SP_Banks 0.6691 0.5783
IR-IR_Banks 0.3103 0.1392
FR-FR_Banks 0.6190 0.5085
NL-NL_Banks 0.4254 0.3582
DE-DE_Banks 0.4991 0.3418
GR-PT_Banks 0.5088 0.0129
GR-IT_Banks 0.5234 0.1768
GR-SP_Banks 0.5293 0.1433
GR-IR_Banks 0.2595 -0.0045
GR-FR_Banks 0.5232 0.1960
GR-NL_Banks 0.4390 0.1722
GR-DE_Banks 0.4988 0.1835
AllCountries -
AllBanks 0.7376 0.4485
(Weighted)
GR-AlIBanks
(Weighted) 0.5642 0.1794
AllCountries -
AllBanks 0.5574 0.0531
(Unweighted)
SJF:] V’j;:;ig‘;; 0.4516 0.0829

Note: Period 1 ranges from 01/01/2009 to 26/10/2011 and period 2 from 27/10/2011 to
30/05/2014.
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Table A3: Unit root test results

Panel A: Unit root test results for sovereign CDS spreads in the 1st period

Sovereign CDS spreads

Log-series in levels

Log-series in first differences

GR
PT
)
SP
IR
FR
NL
DE

AllCountries

(Weighted)

AllCountries
(Unweighted)

PP
0.774

-0.168
-1.001
-1.109
-0.750
-0.890
-1.465
-2.104

-2.079

0.383

ADF
0.506

-0.189
-1.496
-1.069
-0.814
-1.157
-1.749
-2.289

-0.254

0.344

KPSS
2.940***

2.913***
1.308***
2.355%**
2.413*%**
1.473***
0.370*
0.321

1.340***

1.590***

PP
-20.728%**

-21.405%**
-20.762***
-22.401%**
-22.368***
-21.035***
-20.870***
-24.073***

-19.359***

-19.407***

ADF
-20.728***

-16.073***
-21.344%**
-16.327***
-22.495%**
-21.413***
-21.173***
-24.221%**

-16.376***

-19.899***

KPSS
0.323***

0.144*
0.244***
0.078
0.113
0.179**
0.329***
0.109

0.039

0.037

Panel B: Unit root test results for bank CDS spreads in the 1st period

Bank CDS spreads Log-series in levels Log-series in first differences
PP ADF KPSS PP ADF KPSS

GR_Banks 0.474 1.052 2.540*** -24.210%**  -22.271%** 0.381***
PT_Banks -0.425 -0.410 3.019%** -20.908***  -20.699*** 0.073
IT_Banks -0.181 -0.289 2.393*** -23.306***  -23.289*** 0.247***
SP_Banks -0.663 -0.862 2.383*** -20.229***  -20.666*** 0.111
IR_Banks -0.698 -0.532 2.257*** -26.643***  -26.349*** 0.147**
FR_Banks -1.029 -1.591 1.535*** -20.891***  -21.456*** 0.125*
NL_Banks -1.986 -1.949 0.783*** -22.128***  -22,091*** 0.275%**
DE_Banks -1.436 -1.757 0.845%** -22.190*** 25 545*** 0.183**
AllBanks

(Weighted) -0.345 -0.529 1.890*** -20.638***  -20.886*** 0.045
AlIBanks -0.097 -0.045 2.330*** -22.825%** .22 536*** 0.093

(Unweighted)
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Panel C: Unit root test results for sovereign CDS spreads in the 2nd period

Sovereign CDS

Log-series in levels

Log-series in first differences

spreads
PP ADF KPSS PP ADF KPSS
GR -0.264 -0.081 2.877***  -25014%**  24,784*** 0.196**
PT -0.347 -0.358 2.708***  -20.652***  -20.756*** 0.077
IT -0.481 0.729 2.720%**  -21.661***  -21.971*** 0.070
SP 0.989 0.112 2.709%** -22.667***  -22.789*** 0.267***
IR -0.583 -0.605 2.975***  -27.338***  -11.694*** 0.063
FR -1.354 -1.423 2.884***  25511*%**  -25.364*** 0.046
NL -0.515 -0.495 2.646***  -22.669***  -22.619*** 0.082
DE -1.623 -1.623 2.717%** -25.064***  -25.080*** 0.081
AIIC(_)untries 0.002 -0.007 1.040*** -23.160***  -23.139*** 0.080
(Weighted)
AllCountries -1.535 -1.549 0.702** -25.599*** 25, 598*** 0.031

(Unweighted)

Panel D: Unit root test results for bank CDS spreads in the 2nd period

Bank CDS spreads Log-series in levels Log-series in first differences
PP ADF KPSS PP ADF KPSS

GR_Banks 0.453 0.638 3.095*** -30.924***  -31.374*** 0.126*
PT_Banks -0.245 -0.081 2.635*** -24.699***  -24.464*** 0.106
IT_Banks 0.435 0.359 1.591*** -19.979***  -19.945*** 0.428*
SP_Banks 0.471 0.539 2.551*** -21.587***  -21.362*** 0.298*
IR_Banks -0.635 -0.625 3.000*** -25.756***  -25721*** 0.066
FR_Banks -0.329 0.501 2.787*** -20.549***  -20.850*** 0.101
NL_Banks -0.331 -0.398 2.219*** -23.356***  -23.399*** 0.150**
DE_Banks -0.661 -1.001 2.714%** -20.795***  -21.225%** 0.056
AllBanks 0.405 0.285 0.834%%*  20711%**  -20.768***  0.043
(Weighted)

AlIBanks 0.533 0.616 0.673** -23.608***  -23.322*** 0.086

(Unweighted)

Note: The table presents the results after applying the breakpoint (p-values), the PP (p-values) and the KPSS
(LM- statistics) unit root tests. Period 1 ranges from 01/01/2009 to 26/10/2011 and period 2 from 27/10/2011 to
05/30/2014. *, ** *** denote statistical significance at the 10%, 5%, and 1% level, respectively.
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Table A4: Bivariate cointegration test results

Panel A: Johansen test for sovereign and bank CDS spreads-1st period

Variables Lags Trace test Maximum Eigenvalue test
r=0 r=1 r=0 r=1
205857 45088 16.0768 45088
R-GR_Bank
GR-GR_Banks 3 (0.0451)  (0.3416)  (0.0468) (0.3416)
230358  1.0975 21.9382 1.0975
PT-PT _Banks 6
- (0.0202)  (0.9384)  (0.0049) (0.9384)
140930  0.8718 13.2211 0.8718
IT-IT_Banks 6 (02831)  (0.9666)  (0.1257) (0.9666)
330615 27970 30.2645 2.7970
SP-SP_Bank 4
—anKs (0.0005)  (0.6193)  (0.0002) (0.6193)
208063  0.0880 20.7182 0.0880
IR-IR_Bank 4
—SanKs (0.0421)  (1.0000)  (0.0080) (1.0000)
117455  0.9937 10.7517 0.9937
FR-FR_Bank
—Banks 3 (04719)  (0.9523)  (0.2707) (0.9523)
106876  2.0125 8.6751 2.0125
NL-NL_Banks 3 (05724)  (0.7752)  (0.4694) (0.7752)
121186 3.0664 9.0521 3.0664
DE-DE_Banks ! (0.4383)  (0.4383)  (0.4283) (0.4383)
213381  5.8710 15.4670 5.8710
GR-PT_Banks 4 (0.0354)  (0.2009)  (0.0582) (0.2009)
132075 40437 9.1637 4.0437
GR-IT_Banks ! (0.3475)  (0.4057)  (0.0582) (0.4057)
138794 25754 11.3039 25754
GR-SP_Banks 2 (02978)  (0.6626)  (0.2301) (0.6626)
9.2849 1.1337 8.1512 1.1337
GR-IR_Banks ! (0.7094)  (0.9333)  (0.5298) (0.9333)
107376 2.9043 7.8332 2.0043
GR-FR_Banks o (05675)  (0.5987)  (0.5677) (0.5987)
147500 26533 12.0967 2.6533
GR-NL_Banks > (02410)  (0.6473)  (0.1804) (0.6473)
103852 26888 7.6964 2.6888
R-DE_Bank
GR-DE_Banks o (0.6020)  (0.6403)  (0.5843) (0.6403)
AllCountries-AllBanks 4 21.084 0.9657 20.1189 0.9657
(Weighted) (0.0385)  (0.9558)  (0.0102) (0.9558)
AllCountries-AllBanks 202618  1.1492 15.9558 1.1492
(Unweighted) (0.1286)  (0.9310)  (0.0589) (0.9310)
GR-AlIBanks , 104878 44335 15.0512 4.4335
(Weighted) (0.0637)  (0.3514)  (0.0674) (0.3514)
GR-AlIBanks , 204981  3.6123 16.8857 3.6123
(Unweighted) (0.0464)  (0.4729)  (0.0348) (0.4729)
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Panel B : Johansen test for sovereign and bank CDS spreads-2nd period

Variables Lags Trace test Maximum Eigenvalue test
r=0 r=1 r=0 r=1

26.8948 5.9701 20.9247 5.9701
GR-GR_Banks 3 (0.0052)  (9.1645)  (0.0074) (9.1645)
13.6687 4.7122 8.9565 47122
PT-PT_Banks 1 (0.3128)  (0.3164)  (0.4385) (0.3164)
15.3364 3.7370 1.5093 3.7370
IT-IT_Banks 2 (02077)  (04527)  (0.2105) (0.4527)
25,6525 3.6568 21.9957 3.6568

SP-SP_Bank 2
—anKs (0.0082)  (0.4656)  (0.0048) (0.4656)
269218  20.2618 23.8076 20.2618

IR-IR_Bank 7
—5anKs (0.0052)  (0.5596)  (0.0023) (0.5596)
15.0233 5.8488 9.1744 5.8488
FR-FR_Banks 3 (02250)  (0.2087)  (0.4153) (0.2087)
7.6735 18177 5.8557 18177
NL-NL_Banks 1 (0.8501)  (0.8136) (0.8039) (0.8136)
18.8401 7.1230 11.7171 7.1230
DE-DE_Banks 1 (0.0775)  (0.1201)  (0.2030) (0.1201)
15.8183 4.5360 11.2822 4.5360
GR-FT_Banks 1 (0.1831)  (0.3381)  (0.2316) (0.3381)
16.7381 24613 14.2767 24613
GR-IT_Banks > (0.1426)  (0.6852) (0.0881) (0.6852)
19.9044 6.4064 13.4980 6.4064
CR-SP_Banks ! (0.0559)  (0.1616) (0.1147) (0.1616)
31.0770 8.6790 223980 8.6790
GR-IR_Banks ! (0.0011)  (0.0618)  (0.0041) (0.0618)
14.3111 3.8796 10.4315 3.8796
GR-FR_Banks 3 (0.2686)  (0.4303) (0.2967) (0.4303)
19.6660 5.1500 135159 5.1500
GR-NL_Banks ! (0.0602)  (0.1794)  (0.1140) (0.1794)
24.2342 9.5132 14.7210 9.5132
GR-DE_Banks 6 (0.0134)  (0.0429)  (0.0756) (0.0429)
AllCountries-AllBanks 1 13.2056 41108 9.0947 4.1108
(Weighted) (0.3476)  (0.3959)  (0.4237) (0.3959)
AllCountries-AllBanks 32,6581 9.1645 21.8238 9.1645
(Unweighted) (0.0006)  (0.0239)  (0.0052) (0.0239)
GR-AllBanks . 18.2484 4.9238 13.3245 4.9238
(Weighted) (0.0924)  (0.2919)  (0.1215) (0.2919)
GR-AlIBanks . 255706 5.2821 20.2885 5.2821
(Unweighted) (0.0084)  (0.2539)  (0.0095) (0.2539)

Note: The table presents the results from the Johansen's trace and maximum eigenvalue tests. The bold
values indicate the sovereign and bank CDS series where a long-term relation is observed. Period 1 ranges
from 01/01/2009 to 26/10/2011 and period 2 from 27/10/2011 to 30/05/2014. r=0 denotes the null
hypothesis. The control is performed at the 5% significance level.
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Table A5: Hsiao causality results

Period 1
Controlled variable Manipulated FPE (k,0) FPE (k1) Causality
variable
Panel A
GR GR_Banks 0.00219 (25,0) 0.00217 (25,6) YES
PT PT_Banks 0.00303 (18,0) 0.00304 (18,9) NO
IT IT_Banks 0.00317 (4,0) 0.00315 (4,2) YES
SP SP_Banks 0.00303 (18,0) 0.00301 (18,2) YES
IR IR_Banks 0.00193 (21,0) 0.00193 (21,1) NO
FR FR_Banks 0.00220 (6,0) 0.00218 (6,3) YES
NL NL_Banks 0.00153 (18,0) 0.00149 (18,3) YES
DE DE_Banks 0.00315 (7,0) 0.00313 (7,1) YES
GR_Banks GR 0.00054 (24,0) 0.00050 (24,8) YES
PT_Banks PT 0.00138 (20,0) 0.00130 (20,3) YES
IT_Banks IT 0.00154 (18,0) 0.00148 (18,1) YES
SP_Banks SP 0.00105 (13,0) 0.00101 (13,4) YES
IR_Banks IR 0.00187 (9,0) 0.00184 (9,12) YES
FR_Banks FR 0.00144 (4,0 0.00142 (4,18) YES
NL_Banks NL 0.00082 (14,0) 0.00080 (14,2) YES
DE_Banks DE 0. 00121 (5,0) 0.00117 (5,24) YES
Panel B
GR PT_Banks 0.00219 (25,0) 0.00216 (25,4) YES
GR IT_Banks 0.00220 (25,0) 0.00217 (25,2) YES
GR SP_Banks 0.00220 (25,0) 0.00217 (25,4) YES
GR IR_Banks 0.00220 (25,0) 0.00219 (25,1) YES
GR FR_Banks 0.00220 (25,0) 0.00219 (25,3) YES
GR NL_Banks 0.00220 (25,0) 0.00217 (25,1) YES
GR DE_Banks 0.00220 (25,0) 0.00217 (25,8) YES
PT_Banks GR 0.00139 (20,0) 0.00132 (20,5) YES
IT_Banks GR 0.00154 (18,0) 0.00147 (18,17) YES
SP_Banks GR 0.00108 (13,0) 0.00105 (13,12) YES
IR_Banks GR 0.00195 (9,0) 0.00194 (9,1) YES
FR_Banks GR 0.00144 (4,0) 0.00141 (4,18) YES
NL_Banks GR 0.00082 (14,0) 0.00080 (14,5) YES
DE_Banks GR 0.00121 (5,0) 0.00119 (5,12) YES
Panel C
AllCountries AllBanks
(Weighted) (Weighted) 0.00178 (18,0) 0.00178 (18,2) YES
AllCountries AllBanks
(Unweighted) (Unweighted) 0.00171 (18,0) 0.00171 (18,2) YES
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AllBanks
GR (Weighted) 0.00220 (25,0) 0.00217 (25,2) YES
AllBanks
GR (Unweighted) 0.00219 (25,0) 0.00216 (25,2) YES
AllBanks AllCountries
(Weighted) (Weighted) 0.00078 (5,0) 0.00077 (5,1) YES
AllBanks AllCountries
(Unweighted) (Unweighted) 0.00085 (9,0) 0.00081 (9,1) YES
AllBanks
(Weighted) GR 0.00080 (5,0) 0.00078 (5,18) YES
AllBanks
(Unweighted) GR 0.00084 (9,0) 0.00081 (9,1) YES
Period 2
Controlled variable Manipulated FPE (k,0) FPE (k,1) Causality
variable
Panel A
GR GR_Banks 0.00391 (12,0) 0.00392 (12,1) NO
PT PT_Banks 0.00905 (2,0) 0.00090 (2,7) NO
IT IT_Banks 0.00122 (2,0) 0.00122 (2,1) NO
SP SP_Banks 0.00128 (5,0) 0.00128 (5,1) NO
IR IR_Banks 0.00086 (17,0) 0.00084 (17,5) YES
FR FR_Banks 0.00203 (18,0) 0.00195 (18,1) YES
NL NL_Banks 0.00069 (1,0) 0.00069 (1,1) NO
DE DE_Banks 0.00228 (2,0) 0.00228 (2,4) YES
GR_Banks GR 0.00034 (2,0) 0.00034 (2,1) NO
PT_Banks PT 0.00057 (3,0) 0.00056 (3,1) YES
IT_Banks IT 0.00062 (1,0) 0.00061 (1,1) YES
SP_Banks SP 0.00056 (1,0) 0.00056 (1,1) YES
IR_Banks IR 0.00036 (3,0) 0.00036 (3,3) YES
FR_Banks FR 0.00086 (1,0) 0.00085 (1,10) YES
NL_Banks NL 0.00062 (1,0) 0.00061 (1,1) YES
DE_Banks DE 0.00077 (1,0) 0.00077 (1,1) NO
Panel B
GR PT_Banks 0.00397 (10,0) 0.00398 (10,1) NO
GR IT_Banks 0.00397 (10,0) 0.00392 (10,5) YES
GR SP_Banks 0.00397 (10,0) 0.00397 (10,3) YES
GR IR_Banks 0.00394 (12,0) 0.00394 (12,15) YES
GR FR_Banks 0.00397 (10,0) 0.00389 (10,25) YES
GR NL_Banks 0.00397 (10,0) 0.00397 (10,5) YES
GR DE_Banks 0.00397 (10,0) 0.00393 (10,25) YES
PT_Banks GR 0.00057 (3,0) 0.00056 (3,1) YES
IT_Banks GR 0.00062 (1,0) 0.00062 (1,11) YES
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SP_Banks GR 0.00057 (1,0) 0.00057 (1,11) YES
IR_Banks GR 0.00036 (3,0) 0.00036 (3,21) YES
FR_Banks GR 0.00086 (1,0) 0.00085 (1,11) YES
NL_Banks GR 0.00062 (1,0) 0.00062 (1,3) YES
DE_Banks GR 0.00077 (1,0) 0.00077 (1,5) YES
Panel C
AllCountries AllBanks
(Weighted) (Weighted) 0.00136 (18,0) 0.00134 (18,6) YES
AllCountries AllBanks
(Unweighted) (Unweighted) 0.01842 (22,0) 0.01840 (22,1) YES
AllBanks
GR (Weighted) 0.00397 (10,0) 0.00394 (10,1) YES
AllBanks
GR (Unweighted) 0.00394 (12,0) 0.00395 (12,1) NO
AllBanks AllCountries
(Weighted) (Weighted) 0.00033 (1,0) 0.00033 (1,1) YES
AllBanks AllCountries
(Unweighted) (Unweighted) 0.00018 (1,0 0.00018 (1,2) NO
AllBanks
(Weighted) GR 0.00033 (1,0 0,00033 (1,17) YES
AllBanks GR 0.00018 (1,0) 0.00017 (12,1) YES

(Unweighted)

Note: The numbers in the parentheses indicate the lags that give us the minimum FPEs for each pair of

variables.
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Figure Al: Impulse responses for sovereign and bank CDS spreads during the
1st period

GR / GR_BANKS

Response of GR to GR

Response of GR to GR_BANKS

.05 .05
.04 - //\/v 04
03 .03 4
0z ] .0z |
o1 o1
.00 .00
-0l --01 T T T T T T T T T
1 2 3 a 5 6 7 8 9 10 1 2 3 a 5 6 7 8 9 10
Response of GR_BANKS to GR Response of GR_BANKS to GR_BANKS
o2s o025
.020 - .020 { ,——\’//
o015 | 015
.010 /\/—_\' .010
oos | oos |
ooo T T T T T T T T T -000 T T T T T T T T T
1 2 =3 a4 s 6 7 s o 10 1 2z 2 a s 6 ' 7 e o 10
PT / PT_BANKS
Response of PT to PT Response of PT to PT_BANKS
os os
.06 /\/ o6
.04 .0a |
0z .0z |
.00 .00
-02 - - - - - - - T T -.02 - - - - - - T T T
1 2 s a4 | s 6 7 s o | 10 1 2z 3 a s & 7 8 ' 9 10
Response of PT_BANKS to PT Response of PT_BANKS to PT_BANKS
045 .04s
040 | .040 |
o035 | 035 |
030 | 030 |
025 | 025 | \,__\/\
.020 4 .020 4
015 T T T T T T T T T 015 T T T T T T T T T
1 2 3 4 5 6 7 8 9 1o 1 2 3 a 5 6 7 8 9 10
1T/ IT_BANKS
Response of IT to IT Response of IT to IT_BANKS
oe o6
os | .05 |
o4 | 0a |
o3 | o3 |
o0z | oz |
o1 014
oo oo
o 1 2 3 a 5 6 7 8 9 10 ~o1 1 > 3 2 s P 7 P o 10
Response of IT_BANKS to IT Response of IT_BANKS to IT_BANKS
oa os
02 | oz |
o1 | o1
.00 oo
o 1 2 3 a 5 6 7 8 9 10 ~o1 1 > 3 2 5 6 7 8 o 10
SP/ SP_BANKS
Response of SP to SP Response of SP to SP_BANKS
.08 os
06 /\/ .06
04 oa |
0z oz |
oo .00
-02 T T T T T T T T T -02 T T T T T T T T T
Py 2 3 ' a 5 o 7 s ' o | 10 1 2 3 | a s e 7 s ' o | 10
Response of SP_BANKS to SP Response of SP_BANKS to SP_BANKS
o032 032
ozs | 028 |
024 ] 024
.0z0 .020 |
o016 o16 |
012 T T T T T T T T T 012 T T T T T T T T T

77



Essay 1
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Note: The figures depict the impulse response functions for the sovereign and bank CDS
spreads for the next 10 days after a shock to the estimated VAR or VEC model. Period 1
ranges from 01/01/2009 to 26/10/2011. X-axis denotes the number of days after the shock and
Y-axis the response of a variable to a one standard deviation shock on the other variable.
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Note: The figures depict the impulse response functions for the sovereign and bank CDS

spreads for the next 10 days after a shock

to the estimated VAR or VEC model. Period 2

ranges from 27/10/2011 to 05/30/2014. X-axis denotes the number of days after the shock and
Y-axis the response of a variable to a one standard deviation shock on the other variable.
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Essay 2

Some thoughts on the external finance premium and

the cost of internal finance

2.1. Introduction

The external finance premium is a key concept in the operation of the balance sheet
channel of monetary policy transmission. This premium is the difference between the
cost for firms of raising finance from external and from internal sources respectively;
its existence signifies that these two types of finance are imperfect substitutes. If, on
the other hand, internal and external finance were perfect substitutes, this would mean
that any temporary differences in the cost of finance from these two sources would be
arbitraged away and the Modigliani-Miller irrelevance proposition would hold.
Somewhat surprisingly, the literature, including the paper that established the concept
of the external finance premium (Bernanke and Gertler, 1989), defines this premium
as the difference between the cost to borrowers of raising external finance and the
opportunity cost of using internally generated funds, which is not the same as the cost
of internal finance. When the cost of internal finance is defined in the ambiguous
sense of the opportunity cost, internal funds are thought to have a cost advantage over
external finance (Bernanke, 2007). In this study, we focus on the concept of the cost
of internal finance and come up with an operational definition that distinguishes it
from the opportunity cost of internal finance but also from the cost of equity capital,
given that equity capital constitutes an external source of corporate finance.

Specifically, we use the return on retained earnings to firm owners in order to

87



Essay 2

measure the cost of internal finance. With the cost of internal finance properly
defined, the external finance premium can no longer be characterized as a “premium”
but is rather a cost differential between external and internal finance. As such, it still
retains the countercyclical property of the external finance premium as defined in the
literature, and can also be shown to be part of the specification of a financial

accelerator mechanism similar to the one described by Bernanke et al. (1999).

The definition of the cost of internal finance in this essay brings us to another issue,
seemingly unrelated to that of the external finance premium, namely the measurement
of the equilibrium real interest rate. This issue has gained importance over the past
decade when real interest rates showed an unprecedented decline after the global
financial crisis of 2008-2009 and reached levels not seen before. Interest in the
equilibrium rate derives from the fact that this rate provides a benchmark for
measuring the stance of monetary policy; policy is expansionary (contractionary) if
the short-term real interest rate is lower (higher) than the equilibrium rate (Holston et
al., 2017).! However, the equilibrium real interest rate is a variable not directly
observed and its measurement has proven a difficult task. This is particularly relevant
today when the equilibrium rate has declined so much and the question whether the

decline is permanent or not has arisen (Williams, 2017Db).

Analysis based on US data endeavoring to estimate the equilibrium real interest rate
is either based on single-variable methods or is model-based. The former focuses on
long-run or steady state values, examining the behavior of the real interest rate over
long periods of time (e.g. Hamilton et al., 2016). The interest rate is usually the rate
on riskless assets, although some studies called for the use of interest rates on risky
assets (e.g. Cukierman, 2016). Model-based studies use theoretical frameworks that
are generally characterized by the absence of financial frictions, as in the case of
various versions of the New Keynesian model. A popular model in this category of
studies is the Laubach and Williams (2003, 2016) model. In this work, we follow the
first approach to measure the equilibrium real rate, which is based on our definition of
the cost of internal finance. The main idea is that the equilibrium real interest rate

expressed in terms of the cost of internal finance can be obtained from the long-run

L With central banks also intervening in the longer end of the yield curve in order to provide monetary
policy accommodation and with short-term rates bounded by an effective lower bound, short-term real
rates are no longer considered to be sufficient summary measures of monetary conditions. To address
this, the concept of “shadow rates™ has been introduced (see Black, 1995 and Wu and Xia, 2016).
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static model that corresponds to an otherwise standard dynamic macroeconomic
model, for instance a New Keynesian type of model, extended to include financial
market frictions. This rate can be considered as the hypothetical (real) cost of internal
finance that would prevail in the long run after temporary shocks affecting the
economy have died out. We show that this measure of the equilibrium real rate is
equal to the ratio of the depreciation flow, i.e. the amount of earnings required to

finance capital consumption in equilibrium, to the stock of retained earnings.

Section 2 discusses in depth the external finance premium as encountered in the
literature, develops the concept of the cost of internal finance, and calculates the cost
differential between external and internal finance. Section 3 extends the methodology
used to define the cost of internal finance in order to derive a measure of the
equilibrium real interest rate in terms of the cost of internal finance, and makes some

comparisons with existing estimates. Finally, Section 4 concludes.

2.2. Facts and fallacies about the external finance premium

The concept of the external finance premium introduced by Bernanke and Gertler
(1989) is central to the analysis of the balance sheet channel of monetary policy
transmission.” Credit market, or, more generally, capital market imperfections, give
rise to a difference between raising funds from external sources of finance (i.e.
through loans, bonds or equity) as opposed to internal sources (i.e. through retained
earnings). The cost differential is referred to as the external finance premium.
According to Bernanke and Gertler (1995), agency costs underlie the external finance
premium. For example, lenders cannot observe without cost the returns of the
investment projects they finance but must incur a fixed audit or monitoring cost to
observe those returns; in this respect, the “costly state verification” represents an
agency cost. The fact that borrowers have better information about the characteristics
of their projects or the ability to take unobserved actions that can affect the nature of

the risk involved and its impact on the projects’ returns can increase agency costs.

2 A recent reformulation of the bank lending channel (Bernanke, 2007) posits that the external finance
premium plays also an important role in monetary policy transmission through this channel, for banks
who manage their liabilities.
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The notion of agency costs is basic to the analysis of the relationship between the
external finance premium and the firm’s net worth.® Thus, due to agency costs, a
lower net worth worsens the terms under which firms are able to raise external finance
and also increases the external finance premium, which is in this way negatively
related to net worth. This, in turn, implies a reduction of the net return to investment
(Bernanke and Gertler, 1989). Many studies define the external finance premium as
the difference between the cost of external finance and the opportunity cost of internal
finance (e.g. Bernanke and Gertler, 1989; Serven and Solimano, 1992; Bernanke and
Gertler, 1995; Bernanke et al., 1999), which is not the same as the cost of internal
finance. Thus, there is a conceptual problem concerning the definition of the external
finance premium. Later we shall try to address this problem by specifying the cost of
internal finance not in the ambiguous sense of the opportunity cost.

The existence of a non-zero cost differential between internal and external finance
implies that these two types of finance are not perfect substitutes. This differential
arises due to financial market frictions or more generally capital market frictions.
These frictions emerge when perfect trade in certain markets cannot take place
(Quadrini, 2011). The idea is that markets are incomplete because parties are not
willing to engage in certain trades because there is limited enforcement of contractual
obligations for reasons such as information asymmetry. This is an agency problem.
For example, the information asymmetry limits the ability of shareholders of a firm to
force corporate management to maximize the firm’s net worth when this management

uses retained earnings to finance investment projects of low expected returns.

If internal and external financing were perfect substitutes, the Modigliani-Miller
theorem would hold, and the capital structure would be irrelevant for investment
decisions as it would not matter whether acquisitions of capital are financed by
entrepreneurial wealth (net worth) or borrowing: the cost of financing from different
sources would be the same. If, however, different types of finance are imperfect
substitutes, the firms would face a cost differential when raising finance from
different sources. Moreover, capital investment decisions and capital structure

decisions would no longer be unrelated.

¥ Bernanke et al. (1999) specify net worth as the “borrowers’ liquid assets plus collateral value of
illiquid assets less outstanding obligations”. Operationally, Bernanke and Gertler (1995) define it “as
the sum of liquid assets and marketable collateral”.
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The ambiguity regarding the definition and measurement of the external finance
premium is reflected mainly in two aspects. First, external finance is asserted to be
virtually always more expensive than internal finance, which involves internally
generated cash flows, because lenders incur costs of evaluating borrowers’ prospects
and monitoring progress regarding the implementation of investment projects
(Bernanke, 2007). Thus, the external finance premium is generally positive. Second, a
number of indicators are used for the measurement of the external finance premium.
Gertler and Lown (1999) use for the U.S. the spread between the high-yield corporate
bond rate and the corresponding rate for the highest quality firms (AAA rated) or the
rate on ten-year Treasury bonds. Similarly, Mody and Taylor (2004) measure the
external finance premium as the difference between the Merrill Lynch high yield bond
index and the 10-year government bond yield. Krylova (2016) constructs various
corporate bond spread indices, and also spreads between lending rates, for firms with
different credit qualities, for the Euro area and five major European economies.
Recourse to indicators or proxies for the external finance premium reflects the view
that it is difficult to obtain direct measures of the premium (Bernanke and Gertler,
1995). Some authors go as far as to say that the external finance premium is
unobservable (e.g. De Graeve ,2008). Gertler and Lown (1999) qualify the view that
the premium for external funds is not easy to measure by noting that plausible
indicators for this premium should preferably be market determined: until the
development of the market for high yield debt in the U.S., such indicators did not
exist, while the only available interest rate to use in aggregate time series analysis for
borrowers who traditionally rely heavily on commercial banks for external finance is
the prime lending rate, which is a posted rate. However, possible measurement
problems surrounding the external finance premium do not invalidate in any way the
conceptual distinction that was drawn here between the cost and the opportunity cost

of internal finance.

How, then, is the cost of internal finance going to be properly defined and
measured? To address this question, we recall that retained earnings is that part of net
cash flow generated by a firm’s past investments that is retained within the firm rather
than being distributed to shareholders as part of the dividend flow. Because retained
earnings arise from sources internal to the firm, rather than external sources such as

new equity issues, there is a temptation to believe that this source of finance is
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somewhat costless. In fact, retained earnings belong to the shareholders of the
company and so the cost of retained earnings or, alternatively, the return these
earnings are expected to generate should be related closely to the return required by
shareholders on new equity. We can now define the cost of retained earnings by
noting that this cost is really the return on retained earnings (whether we choose to
call it a “cost” or a “return” is a matter of perspective). The return on retained
earnings in a given period can be seen to have two components (see Table 2.1): (a) the
flow of retained earnings (ARE) in the period, where RE is the stock of retained
earnings, and (b) the depreciation flow, i.e. the amount of earnings required to finance
capital consumption of the period (DEP). The latter are already deducted from
accounting measures of net earnings and therefore need to be added back to the flow
of retained earnings as they represent the minimum return the firm, as a going
concern, has to deliver in order to maintain its physical capital stock in operation. The
sum of these components as a percentage of retained earnings gives the (real) cost of

retained earnings for the firm:
¢ = (DEP + ARE)/RE (2.1)

Given the cost of retained earnings ¢, firms make their financial decisions on the
basis of their relative capital structure. It is useful at this point to reiterate that if
internal and external finance were perfectly substitutable, the capital structure would
be both indeterminate and irrelevant to real decisions. The cost of capital would be the
same regardless of the financing method. When, however, we allow for capital market
imperfections, the question of investment financing is relevant, and a number of
factors should be considered when evaluating different sources of finance. Whatever
the outcome, it is difficult to identify in a simple way the optimal capital structure.
This should not detract us from the fact that, with a changing capital structure, two
interrelated decisions are involved: a capital investment decision and a capital
structure decision. To illustrate this, we note that the stylized model proposed by
Bernanke and Blinder (1988) for analyzing the bank lending channel and estimated

for six major economies by Brissimis and Magginas (2005)* explicitly incorporates

* Bernanke and Blinder (1992) did not attempt a structural estimation of their model but instead applied
a VAR model to US data to examine the impulse responses of a number of macroeconomic variables to
an innovation in the Federal funds rate.
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the interdependence between changes in financial structure and investment demand
(and thus output demand).

Table 2.1 Firm’s capital structure

Cost of finance/

) Provider of
Type of finance ) Rate of return Borrower
finance
(real)
Internal finance
Retained earnings Stockholders/ _
_ (DEP + ARE)/RE  Management/Firm
(RE) Firm owners

External finance

Stockholders/

Equity (E) Firm OWners DIV/E Management/Firm
Loans (L) Banks it - Ap Management/Firm
Bonds (B) Bondholders i8- Ap Management/Firm

Note: Definition of variables: DEP: depreciation (flow); RE: retained earnings (stock); A:
first-difference operator; ARE: retained earnings (flow); DIV: dividends; E: stockholders’
equity; i: bank lending rate; p: price level (log); i®: bond rate.

With a mixed capital structure, where all forms of capital are held in varying
proportions, it is the weighted cost of capital that affects real investment decisions of
firms. On the other hand, the internal and external financing mix depends inter alia on
the cost differential of different sources of finance. Figure 2.1 below shows the
evolution of two alternative measures of this relative financing cost. One is the spread
between the real bank lending rate and the (real) cost of retained earnings as specified
above (eg. 2.1) and the other is the spread between the real bond rate and the above
cost of retained earnings. Both spreads mostly take negative values, with the
exception of the four US major recessions in the last forty years: the 1981-1982
recession, the recessions of the early 1990s and early 2000s and, finally, the Great
Recession of 2008-2009. Thus, these differentials could hardly be characterized as
‘premia’ on internal finance. They would rather represent cost differentials between

external and internal finance.
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Figure 2.1: Cost differentials and GDP growth (1980:Q1-2017:Q2)
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Note: GDP: real GDP growth rate (annual %), p-¢: real cost differential between loans and
retained earnings, i-o: real cost differential between bonds and retained earnings.

Source: FRED and QFR databases and authors’ calculations.

However, both the external finance premium as defined in the literature, and the
cost differential between external and internal finance as specified in this essay, share
a common feature. Specifically, they both display countercyclical behavior. In our
setting, an increase in the cost of internal finance relative to that of external finance
lowers, ceteris paribus, the demand of firms for retained earnings and, to the extent
that these retained earnings are procyclical, the cost differential between external and
internal finance will be countercyclical. The countercyclical behavior of the cost
differential is evidenced in Figure 2.1, which shows, together with the two measures
of the cost differential, the annual growth rate of GDP. Furthermore, the
procyclicality of firms’ retained earnings, which is partly associated with
countercyclical variations in the above cost differentials, is expected to lead to the
operation of a financial accelerator mechanism similar to that described by Bernanke
et al. (1996, 1999).

2.3. Measuring the equilibrium real interest rate in terms of the cost of

internal finance

A useful extension of the logic used in this study to define the cost of internal

finance would be to follow an alternative methodological approach in order to derive
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a measure of the equilibrium real interest rate based on asset returns data. The
equilibrium real interest rate (or natural rate of interest) is usually defined as the real
interest rate that is consistent with full utilization of resources in the economy and
price stability. It is often measured as the hypothetical real rate that would prevail in
the long run once all of the shocks affecting the economy die out (Fischer, 2016). The
long run is a period of sufficient length to enable all markets to clear, and to allow all
variables in the economy to settle at constant levels in the absence of new economic
disturbances. Thus, in long-run equilibrium, the economic system must satisfy the
condition that all variables should be time invariant, i.e. stocks should remain constant
and flows should perpetuate themselves at the same level. Equation (2.1) will be the
starting point for calculating the equilibrium real interest rate. In equilibrium, this

equation becomes:
¢* = DEP/RE (2.2)

since equilibrium implies that the stock of retained earnings remains constant and
there is no flow of retained earnings. The intuition behind equation (2.2) is that in the
stationary state, there are additions to capital in each period, which are balanced by an

equal consumption of capital (depreciation), so that the stock of capital remains fixed.

In equation (2.2) we focus on the steady state values of the real interest rate, by
examining the behavior of the (real) cost of internal finance variable over a period
which, as indicated, is sufficiently long (actually it extends to infinity) to allow the
effects of shocks to die out. Cukierman (2016) suggested that increasing attention
should be paid to the long-term risky interest rate and therefore to the natural
counterpart of this rate, since existing estimates of the natural rate, which are based on
riskless assets, are likely to be biased downward. Also, Hamilton et al. (2016) state
that the equilibrium real interest rate based on the federal funds rate is distinct from
the equilibrium real rate of return on business capital, equities, long-term government
debt, or short- or long-term consumer or corporate debt, although those returns are
expected to be related to the equilibrium real federal funds rate.

If we were to follow a model-based approach in order to obtain a measure of the
equilibrium real interest rate, the model would probably have to be an otherwise
standard macroeconomic model extended to include financial market frictions. The

models used to analyze the equilibrium real interest rate are mostly based on the New
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Keynesian paradigm. This type of model, however, suggests that we are in a
Modigliani-Miller world where markets are complete and the financial structure does
not matter — it is in fact indeterminate. The only interest rate that is defined in such a
model is that on monetary assets. However, research, especially after the financial
crisis, has shown that the complete markets assumption has some limitations and

should be modified to take into account a changing financial structure.

Figure 2.2: Equilibrium real interest rates
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Note: ¢*: equilibrium real interest rate based on eq. (2.2), LW: the Laubach and Williams
(2016, updated) real equilibrium real interest rate, LM: the Lubik and Matthes (2015,
updated) equilibrium real interest rate.

Source: Laubach and Williams (2016) and Lubik and Matthes (2015) estimates; QFR
database and authors’ calculations.

In Figure 2.2, we plot the equilibrium real rate computed from equation (2.2) for the
period extending from the first quarter of 1980 through the second quarter of 2017.
The time evolution of the series shows a declining trend from a high of 5 percent in
the early 90s toward values hovering around 2 percent in the more recent period. This
pattern is consistent with the decline of the equilibrium real interest rate estimated in

other studies.

Is it reasonable to suggest that the equilibrium real interest rate has declined in the
above period? Summers (2014) discussed a number of factors that may have

contributed to the decline in the equilibrium real interest rate. One such factor may be
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the reduction in demand for debt-financed investment following a period of excessive
leverage. Another factor is the increase in corporate retained earnings, which led to an
increase in the level of savings. Furthermore, the persistent slowdown in productivity
growth, combined with demographic shifts, may have led to slower growth in
potential output. Future slow growth discourages current investment and, on the other
hand, may provide to households an incentive to increase saving (Liu and Tai, 2016).
The larger supply of funds available through savings and the lower demand for funds
to use for investment seem to operate in the direction of a lower equilibrium real

interest rate.

Figure 2.2 also shows for comparison two other measures of the equilibrium real
interest rate (federal funds rate) from two studies that employ model-based methods to
estimate this rate. The Laubach and Williams (2016, updated) study relies on a small-
scale empirical model that has some underpinnings in the New Keynesian model of
the economy. The Lubik and Matthes (2015, updated) study, on the other hand, takes
a less structural approach by applying a time-varying VAR model to the data. A
common finding in these studies is that the equilibrium real interest rate shows a
downward-sloping trend reaching in recent years a level not seen in decades. Also, a
notable finding of the second study is that the estimate of the equilibrium rate never
turns negative, while in the first study this rate entered negative territory in the early
2010s. However, given the considerable uncertainty surrounding the two estimates,
any observed differences between the two series are hardly significant (Lansing,
2016). If we further compare these two estimates with our measure of the equilibrium
real interest rate ¢* (eq. 2.2), the first thing we notice is that our series is uniformly
higher than the other two, the difference between them being around 2 percent in the
last seven years. We should stress that, along the lines of Cukierman (2016) and
Hamilton et al. (2016), our measure should be seen as referring to the equilibrium
risky rate, which presumably explains why it is higher relative to the above two
measures of the equilibrium rate. Estimates of a similar order of magnitude to ours, at
least for the most recent period, were derived by Taylor and Wieland (2016), who
extended the period of estimation of the Smets and Wouters (2007) New Keynesian
DSGE model of the US economy to the present and reported a value of the long-run
equilibrium rate of interest that is somewhat above 2 percent. They suggested that the

Laubach and Williams (2016) estimates are downward biased because some key
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determinants are omitted from their estimating equations and also their model does

not include a financial sector, its omission being of no less importance.

Given the variety of factors that have pushed the equilibrium real interest rate to a
very low level, the question is whether we have moved to a permanently lower long-
run level, since to date there are no signs of a return to historically more normal
levels. Williams (2017b) argued that the factors responsible for the decline of this rate
appear poised to stay that way. The major one is that the growth rate of potential
output has slowed down to around 1.5 percent, reflecting sharp declines in labor force
growth and lower productivity growth. The low estimates of the equilibrium real
interest rate have not been influenced solely by US-specific factors but instead longer-
term global influences are at work affecting the global supply and demand for savings
(Williams, 2017a; Holston et al., 2016).

The broader implication of the permanently lower equilibrium real interest rates is
that monetary policy has not much room to stimulate the economy in downturns of the
cycle and there is need to rely more heavily on unconventional measures keeping

interest rates very low for a long time (Williams, 2017b; Reifschneider, 2016).

2.4. Conclusions

The external finance premium, defined as the difference between the cost of capital
raised by firms from external sources and of capital raised internally, plays a distinct
role in the operation of the balance sheet channel of monetary policy transmission and
of the financial accelerator mechanism enhancing monetary policy effects. However,
as pointed out in this essay, there is a conceptual problem, which has not been brought
out in the relevant literature regarding the definition of the external finance premium,
namely that the cost of internal finance in that definition is convoluted with the
opportunity cost of internal finance, which is not the same as the cost of internal
finance. In this study, we drew that distinction and specified the cost of internal
finance as the (real) return on retained earnings to firm owners, which is a cost if
viewed from the firm’s side. When the external finance premium is rightly measured
as the cost differential between external and internal finance, it can hardly be called a
premium on internal finance. However, this measure is seen to retain the

countercyclical property of the external finance premium as defined in the literature,
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and its role in a financial accelerator mechanism is similar to the one proposed by
Bernanke et al. (1999).

Further, our work has dealt with the notion of the equilibrium real interest rate and
proposed a new measure for this rate based on our definition of the cost of internal
finance. This measure is the hypothetical real rate that would result in the long run
after all markets in the economy have cleared and all variables have settled at constant
levels in the absence of new economic shocks. In line with other estimates of the
equilibrium real interest rate, our measure is found to display a declining trend since
the early 90s and reach a low level around 2 percent in the past decade, but to remain
consistently higher than the popularized Laubach-Williams (2016) estimate. If we
were to use a model-based approach for estimating the equilibrium real interest rate, a
model structure that would give us the new defined measure of the equilibrium rate--
as well as its relationship to other equilibrium real rates of return, such as those on
short-term monetary assets, equities or corporate debt--would be one in which the
complete markets assumption is relaxed and financial market imperfections are
admitted.
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Is it the bank lending channel, the balance sheet
channel or both or neither?

3.1. Introduction

The recent subprime mortgage crisis of 2007 that evolved into a global financial
crisis after 2008 has highlighted the importance of capital market imperfections, due
inter alia to the existence of information asymmetries, for investment decisions. These
imperfections contribute to the reinforcement and propagation of the adverse effects
of monetary shocks on aggregate economic activity, by causing significant variations
in firm’s investment policy and short-run output. This in turn could cause negative
effects on the real economy. Under conditions of imperfect capital markets,
alternative forms of external finance (loans and bonds) are considered as imperfect
substitutes for firms and/or banking institutions, while internal finance (retained
earnings) and external finance (equity, bonds, debt) are considered as imperfect
substitutes for borrowers. These conditions reinforce the effects of monetary policy
changes on aggregate demand, beyond the effects that are attributed to the

conventional interest rate channel.

In the early stages of the relevant empirical literature, many researchers tried to
ascertain how monetary policy affects the real economy based on the operation of the

monetary transmission mechanism. They studied how real output reacts to changes in
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short-term interest rates -caused by monetary authorities- by using only the
neoclassical cost-of-capital variable.! This mechanism describes the operation of the
interest rate channel, where variations in the cost of capital or user cost of capital are
used in order to interpret the effects of the monetary policy makers’ actions on

aggregate demand.

In recent years and especially during the last crisis period, monetary policy actions
focused on the operation of financial markets. The financial crisis led to a series of
structural changes in the financial system with significant effects on the operation of
the non-neoclassical transmission channels of monetary policy. Through the operation
of the credit channel, on which we focus in this essay, variations in the financial
conditions of borrowers have significant effects on investment and real output. Thus,
we can capture the effects of the financial crisis on the real economy, beyond the

restrictive effects caused by changes in the risk-free short-term interest rates.

Specifically, our aim is to examine how changes in monetary policy influence
borrowers’ investment decisions, particularly during the pre- and post-crisis periods.
For this purpose, we examine the operation of the credit channel, which is
disentangled into two components: the bank lending and the balance sheet channel.
Through the operation of these two transmission channels, the effect of a monetary
policy shift on investment and subsequently on real economy is magnified. A
monetary tightening restricts the level of deposits, which in turn decreases the bank
lending volume. In this case firms, which have strong links with banks for their
finance, will face difficulties to find alternative sources of finance due to the existence
of credit market imperfections (bank lending channel). On the other side, a monetary
shock that leads to changes in interest rates, worsens financial conditions of borrowers
and increases the wedge between the cost of external and internal finance (cost
differential), which reduces loan demand. This mechanism (balance sheet channel)

reinforces the initial effects on aggregate economic activity.

During the last two decades, financial innovations in international financial markets
have decisively contributed to an efficient use of available funds by firms and have
changed the necessary conditions for the operation of the credit channel. Also, a

number of recapitalizations and liquidity support programs were necessary during the

! The cost-of-capital is defined in the literature as the weighted average cost of capital from all sources
(debt and equity).
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recent economic downturn period. The existence of new sources of funding for
banking institutions (e.g. certificate of deposit, commercial paper), which offset
possible reductions in deposits, have weakened the potency of the bank lending
channel. In addition, alternative financial instruments in credit markets have
decreased large variations in borrowers’ net worth, thus reducing the effectiveness of
the balance sheet channel. Because of the greater availability of funds and easier
access to them, the cost of external financing for firms has been reduced. This gave
them the opportunity to place their funds in new investments and expand their

activities.

The operation of the credit channel has been the subject of controversy in the
empirical literature. For the existence of the bank lending channel, it is necessary that
a monetary shock should have significant effects on the supply of bank loans. Banks'
role in supplying credit to the real economy is critical in this respect. Thus, after a
tightening of monetary policy, banking institutions reduce their reservable deposits
and, as a consequence, they reduce credit supply, which implies negative effects for
economic activity. Monetary policy actions could affect bank loan supply, and as a
result the operation of the bank lending channel, through changes in the interest rates

or in the level of bank reserves.

The balance sheet theory aims to specify the monetary transmission mechanism,
through which an exogenous monetary shock is amplified and diffused with
significant effects on firms' investment policy, because of the existence of credit
market imperfections. The balance sheet channel emphasizes the impact of changes in
monetary policy on borrowers' balance sheet conditions through the resultant changes
in the cost differential between external and internal finance. A contractionary
monetary policy causes a rise in interest rates, a decrease in the demand for capital as
well as in investment spending and the price of capital. This in turn reduces firm’s net
worth because debt obligations escalate, and also lowers the value of assets that can
be used as collateral. Subsequently, it reinforces its need for external financing, which
is necessary for the firm to apply its investment policy. As a result, firm’s cost
differential and agency costs rise, with significant negative effects on firm’s net
worth, demand for capital, investment and total output, once again. Thus, the negative
effects of a monetary policy shift on borrowers' financial conditions and as a result on

their investment spending are magnified via the financial accelerator mechanism (see
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Bernanke and Gertler, 1989; Bernanke et al., 1996,1999; Gertler and Kiyotaki, 2010,
among other studies), which operates through its impact on borrowers’ balance sheets

and the aggregate adverse effects on the real economy.

Due to the problem concerning the direct estimation of the external finance
premium, -defined in the literature as the difference between the cost of external
finance and the opportunity cost of internal finance- and the difficulties to specify if
variations in the borrower’s level of investment are attributed to changes in credit
supply or in credit demand when using aggregate data, many recent studies utilize
firm-level data, in order to capture the operation of the balance sheet channel. They
include in a reduced-form investment equation a quantity variable which reflects
firms' balance sheets conditions, in order to estimate the effects of a monetary policy
change.? However, the main argument against this methodological approach concerns
the endogeneity issues that may be caused by the different variables which are
employed for firms’ classification (e.g. see Schiantarelli, 1995). Our approach avoids
the criticism about the direct estimation of the external finance premium by specifying
an operational definition of the cost of internal finance (see Essay 2), as well as the
problems that arise due to classification issues. We develop a model in order to assess
theoretically the magnifying effects of a monetary policy shift on real economic
activity when both the bank lending and balance sheet transmission channels are in

operation.

Many studies try to specify if changes in credit aggregates after a monetary policy
change arise from shifts in the demand for credit (balance sheet channel) or from
shifts in the supply of credit (bank lending channel). We aim to capture both loan
demand and supply effects, so as to address this identification issue. Bernanke and
Blinder (1988) provide the necessary theoretical background for our methodological
approach -they test only the operation of the bank lending channel. To our knowledge,
this is the first study in the relevant literature aiming to identify the operation of the
bank lending and balance sheet channels, simultaneously, both theoretically and

empirically.®

2 Chirinko et al. (1999) argue that because of simultaneity bias, the estimation results of the relationship
between investment and the user cost of capital are very weak.

® Brissimis and Magginas (2005) use a similar methodological approach to examine the operation of
the bank lending channel alone.
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In our work, we try to address a number of interesting questions. What are the
conditions for the non-operation of the bank lending and/or the balance sheet
channels? Are the basic transmission channels of monetary policy -bank lending,
balance sheet and interest rate channels- operational in the periods before and after the
financial crisis in the U.S.? How can we assess the possible magnifying effects of the
components of the credit channel after a monetary shift? In contrast to other
approaches, in our theoretical specification, the existence of imperfect substitutability
between alternative external sources of finance, and also between internal and
external sources of finance are the basic assumptions for the identification of the two
components of the credit channel (bank lending and balance sheet channels) which
works complementary to the operation of the interest rate channel and amplifies the
effects of a monetary shift on total output.

By applying the Johansen cointegration approach, we seek to examine the existence
of the bank lending and balance sheet channels in the U.S during the period from
1994:Q1 to 2017:Q2 by specifying the loan demand and supply influences and also
the demand for internal finance by firms. By using the methodological approach
developed by Pesaran and Shin (2002), we pursue to identify cointegrating
relationships by imposing and testing a number of appropriate over-identifying
restrictions according to specific theoretical assumptions, which are linked to the
operation of the monetary transmission channels. In case we identify three
cointegrating vectors, the bank lending and balance sheet channels will be operative
in addition to the interest rate channel. The specification of two cointegrating vectors
signifies the operation of the balance sheet channel only. Finally, if we find only one
cointegration relationship, then none of the two sub-channels of the credit channel is

in operation.

Our empirical work is structured as follows. In a first step, we estimate a VAR
model for the whole sample period, and perform the necessary tests for statistical
adequacy and the Johansen test for cointegration among the variables. We split the
sample period based on recursive and breakpoint stability tests in the parameters of
the cointegrating vectors and in the system as a whole. We re-run the above tests in
each subperiod. In a second step, based on the Johansen test results, we model the
long-run relationships using cointegration techniques, through a VEC model. We set

and examine a number of specific linear restrictions that hold when there is perfect
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substitutability between the different sources of external financing (specifically loans
and bonds) for borrowers and/or banks and between the sources of external and
internal finance for borrowers, in order to identify the equilibrium relationships
included in our model according to the theoretical assumptions and test the long-run

behavior of the variables.

A structural breakpoint is specified in the fourth quarter of 2008 and coincides with
the spread of the US financial crisis around the world. Based on Johansen test results,
only two cointegrating vectors are identified in both subperiods. Thus, our empirical
results reveal that only the interest rate and the balance sheet channels are operational
in the whole sample period in the U.S.. There is no evidence for the operation of the
bank lending channel in both subperiods, as we find that there is perfect asset
substitutability for borrowers and banks. This could be justified because of the
stronger relationship between banking institutions and financial markets in the last
decades, which provided alternative financial instruments (e.g. securitization, covered
bond and credit default swaps markets) and reduced credit supply effects after a
monetary policy shift. Also, the significant support to the banking system, through
equity injections, debt guarantees and new loans by the US government at the end of
2008, contributed to limiting the adverse effects of a monetary shock during the crisis

period.

The main contribution of this work to the existing literature is threefold. First, it
provides an alternative theoretical model, based on the Bernanke and Blinder (1988)
model which is extended to incorporate imperfect substitution between internal and
external finance of firms. This permits to test simultaneously the operation of both the
bank lending and the balance sheet channels. For this purpose, a new methodological
framework is set. In particular, we specify a Vector Error Correction (VEC) model,
and derive the cointegrating relationships according to this model, and test a number
of appropriate restrictions that are necessary for the existence of perfect asset
substitutability. Second, we specify analytically the amplifying effect of a monetary
policy shift through the operation of the bank lending and/or the balance sheet
channels. The effect of a monetary policy change on total output is greater when the
three transmission channels are in operation simultaneously, relative to the case where
only the balance sheet channel or none is operational. Third, this study allows to

examine empirically if the structural changes observed in the financial markets over
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the last twenty five years, the financial deregulation in the banking system and the
unconventional monetary policy measures that were enacted during the recent global

financial crisis have limited the operation of the credit channel.

The rest of this essay is organized as follows. Section 2 provides a detailed
overview of the operation of the balance sheet and bank lending channels and reviews
the existing relevant literature. Section 3 develops the theoretical model which is used
to examine the operation of the above two transmission channels, individually, and
calculates the amplifying effects on real economic activity after a monetary policy
change, due to the operation of the two channels. Section 4 discusses a series of
stylized facts that took place in the U.S. during the recent crisis period and could have
significant influence on the operation of the balance sheet and bank lending channels.
Section 5 reformulates the theoretical model in a suitable form for empirical testing,
displays the empirical approach, describes the data and presents the empirical results.

Section 6 summarizes the main findings and offers concluding remarks.

3.2. The credit channel

The global financial crisis of 2007-09 stressed the role of the monetary policy
transmission channels. The interest rate channel is the basic channel for the
transmission of monetary policy. Monetary policy actions that cause changes in short-
term real interest rates imply a variation in the cost of capital (or user cost of capital)
and in borrowers' cash flow, which in turn lead to changes in their investment policy
and in consumers’ durable expenditure. Subsequently, a change in aggregate demand
and overall output follows. Although, monetary policy actions may also affect the cost
of capital through the operation of the credit channel, which captures both the demand
side and the supply side of the credit market. The credit channel operates
complementary to the interest rate channel, and not independently, as a separate part
of the monetary transmission mechanism. Its function contributes to the amplification
of a monetary policy effect through changes in credit supply. The basic idea of the

operation of the credit channel is that information asymmetries* between borrowers

* The absence of information asymmetries implies that borrower’s investment will be determine only
by its investment opportunities (demand side) and the cost of capital.
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and lenders, which arise because of the presence of financial frictions, enhance the

impact of shifts in monetary policy on interest rates.’

The different sources of finance, the different cost between internal and external
finance because of the existence of agency costs, and the different characteristics
among borrowers are some issues that are stressed in the study of the credit channel.
The credit channel consists of two independent channels, the bank lending channel
and the balance sheet channel.® The bank lending channel emphasizes changes in the
supply of bank loans after a change in monetary policy. On the other hand, the
balance sheet channel underlines the consequences of a monetary policy change in
borrowers’ balance sheets. A prerequisite for the operation of the bank lending
channel is the imperfect substitution between forms of external financing, for banks
and/or borrowers, while for the balance sheet channel the imperfect substitution
between internal and external financing, due to the existence of incomplete financial

markets.

There is a direct relationship between the two channels. An increase in the interest
rates exacerbates banks' balance sheets, since it reduces the value of their securities
and, consequently, limits banks' ability to provide loans to firms, due to the existence
of credit market imperfections. This in turn raises the cost differential” between
external and internal finance, and, has direct consequences for borrowers’ balance
sheets, especially for those who are more dependent on bank loan supply, while
borrowers’ access to new financing is limited (balance sheet channel). Under these
conditions, borrowers are obliged to use internal finance in order to be able to meet
their obligations. A subsequent decrease in bank deposits, combined with the possible
existence of liquidity constraints that prevent the replenishment of the funds of
banking institutions -as happened during the recent financial crisis- provoke a

decrease in bank loan supply (bank lending channel).

®> Monetary transmission channels are categorized in two different types; neoclassical and non-
neoclassical channels. In the first type there are no financial market imperfections, while the level of
investment is specified only by economic fundamentals. In the second, financial markets are imperfect
and financial variables have significant effects on investment spending, due to the existence of
information asymmetries. The credit channel is included in the second type of channel.

® The balance sheet channel is also called broad credit channel (e.g., Oliner and Rudebusch, 1996:
Chatelain et al., 2001), while the bank lending channel is also labeled as narrow credit channel (e.g.,
Gambacorta and Marques-I1banez, 2011).

" The cost differential is identical with the external finance premium, which is used extensively in the
relevant literature, when the cost of external finance is greater than the cost of internal finance.
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So, while the bank lending channel is responsible for the effects of a monetary
policy action on the supply of bank loans, the balance sheet channel has a
corresponding impact on borrowers' loan demand. Therefore, the credit channel
accentuates the role of credit for the conduct of monetary policy and seeks to
determine the additional effects of the above two channels on the operation of the
interest rate channel. Thus, by examining its operation we can better understand how

the real economy reacts to monetary policy shifts.

Beyond the studies which examine only the operation of the interest rate channel as
a transmission monetary policy mechanism, there is a strand of literature that studies
the bank lending and balance sheet monetary transmission channels, which are
considered useful monetary tools and have significant effects on spending, investment
and aggregate output. Bernanke and Blinder (1988), Gertler and Gilchrist (1994),
Kashyap, Lamont and Stein (1994), Morgan (1998), among others, ascertain the
operation of the credit channel, however, they do not specify the operation of each

component independently.®

Bernanke and Gertler (1995) were the first who studied the operation of the two
sub-channels separately. They argue that the empirical studies cannot explain the
exact mechanism through which the monetary policy affects the real economy. They
argue that these studies, which use neoclassical cost-of-capital variables, cannot
quantify the cost-of-capital effects on aggregate spending. Furthermore, the
composition of the spending effects on short-term and long-term assets is not clearly
defined. In order to find answers to the above issues and specify the effects of
monetary policy changes, Bernanke and Gertler (1995) base their study on the
operation of the credit channel, and especially on the magnitude of the external

finance premium.

De Bondt (1999) stresses that monetary policy affects the external finance premium
through the operation of the bank lending and balance sheet channels. He uses a
number of different proxies for credit market imperfections like the size of borrowers

and lenders and the loan-deposit spread. The external finance premium, which arises

® Liu and Minford (2014) extend the standard New Keynesian model, in order to include the banking
sector, which had a critical role during the recent crisis. They add the credit channel in order to find out
how a banking sector is able to explain the recent US financial crisis. They provide evidence for the
operation of the credit channel.
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because of these imperfections, is defined as the difference "between the cost faced by
potential borrowers and the expected returns received by lenders”. He uses net
financial wealth as a variable for firms’ financial conditions. A negative variation in
wealth causes a decrease in loan supply and an increase in the external finance
premium. De Bondt (1999) uses a VEC model in order to determine credit supply and
demand effects after a change in monetary policy. He seeks to identify the function of
the bank lending and balance sheet channels by comparing cross-country differences
in the financial structure. According to the author, the external finance premium
fluctuates, vice versa, with borrowers’ net worth and with a change in monetary
policy. Thus, in this way monetary policy enhances its impact on investment

spending.

Black and Rosen (2007) claim that a necessary condition for the operation of the
credit channel is a series of changes in lending, which amplify a monetary policy
shock. They separate it into the bank lending and balance sheet channels. They use
loan level data and ascertain the operation of both sub-channels. They examine the
relationship between spot lending and commitment lending in order to capture
variations in the supply of bank loans to small and large firms separately. A reduction
in spot lending relative to commitment lending indicates a reduction in loan supply.
Moreover, changes in the supply of commitment loans are used as a proxy for
changes in loan demand. This allows for the separation of changes in loan supply
from the respective changes in loan demand. The bank lending channel works through
changes in loan maturity, while the balance sheet channel works through a
reallocation of short-term loan supply from smaller to larger firms, when there is a

tightening in monetary policy.
3.2.1. Overview of the balance sheet channel

Modigliani and Miller’s (1958) irrelevance proposition, considers that under certain
restrictive assumptions,® a firm's capital structure does not affect its value. Modigliani
and Miller argue that when there are perfect capital markets, firm's investment

spending moves independently from its financing options (debt or equity). It does not

° Modigliani and Miller (1958) assume that there are no capital market frictions, such as transaction
costs, and also there are no taxes, bankruptcy costs, and asymmetric information. Investors and firms
borrow and lend at the same rate, while they are price takers, because there are conditions of perfect
competition. Finally, they assume that debt financing has no impact on firm's earnings before interest
and taxes.
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matter which sources of finance firms will choose for its investments. But in case that
market frictions exist, imperfect substitutability between internal and external finance
is observed and therefore the above theory is not valid. Then, a wedge arises between
the cost of external and internal funds. The larger this wedge is, the higher the
financial constraints that firms will have to face for the realization of their investment

plans are.'?

Information asymmetries between borrowers and lenders -which in turn imply
difficulties in the enforcement of new contracts-, agency costs,** monitoring costs and
incentive problems for managers -when they do not have the absolute ownership of a
firm-, are the main reasons for the imperfect substitution between internal and
external finance. Bernanke and Gertler (1989), among others, have studied how the
above factors affect borrowers' investment decisions. Information asymmetries are
essential for the existence of imperfect substitutability between internal and external
funds. They arise due to adverse selection problems in equity financing'® -when
lenders do not have full access in firm's inside information about its investment plans
and financial position, whereas management does-, moral hazard problems which are
apparent due to limited liability debt,*® and credit rationing by lenders.** The higher
these asymmetries are, the lower the substitution between internal and external funds
becomes. This is because the gap in the cost of these funds is amplified. Thus,
imperfect substitution between internal and external funds makes borrowers’

financing decisions of critical importance.

Based on the literature, the external finance premium is defined as the difference

between the cost of capital raised from external sources, i.e. equity, bond or debt

19 Because of the existence of capital market imperfections, it may be difficult for a firm to have access
in external sources of finance. In order to overpass the financial constraints, a firm is obliged to rely on
its own funds to self-finance its investments. In this case, firm’s investment decisions will be
determined not only by the net present value of an investment project but also by the level of firm’s
available internal funds (balance sheet conditions).

1 Agency costs can be attributed, among others, to the existence of coordination failure of credit
markets (Goldstein and Pauzner, 2005 in de Groot, 2012), or to the costly state verification problem of
borrowers, or to a potential hold-up (or commitment) problem for lenders (Hart and Moore in Kiyotaki
and Moore, 1997).

12 Greenwald (1984); Myers and Majluf (1984).

13 Jensen and Meckling (1976).

1 Stiglitz and Weiss (1981); Williamson (1987).
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markets, and the cost of capital raised internally by retaining earnings.*>'®" This
premium arises due to market frictions, which cause information asymmetries, as
investors demand higher rates of return to hedge the relevant risk. The empirical
literature is based on two critical assumptions. First, the cost of internal finance is
lower than the cost of external, and second, there is a negative relationship between
firm’s net worth and the external finance premium. This negative relation arises due
to the existence of capital market imperfections. Because there is a cost for lenders to
overpass these imperfections, this cost will be passed over to borrowers. For this
reason it is assumed that the cost of external finance is always greater than the cost of
internal finance. This implies significant effects on borrowers' investment decisions.
The higher the dependence on external financing is, the stronger the effects from the
operation of the balance sheet channel are. This wedge is a result of the imperfect
substitutability between internal and external sources of finance. A reduction in
capital market imperfections decreases the wedge between the cost of internal and
external funds, as the information asymmetries between borrowers and lenders
become less severe. Many researchers, among them, Bernanke and Gertler (1989),
Gertler (1992), Greenwald and Stiglitz (1993), Kiyotaki and Moore (1997),
Schiantarelli (1996), Almeida and Campello (2007), Agca and Mozumdar (2008) and
Guariglia (2008) have examined the dynamic effects of these imperfections, -through

changes in the external finance premium - on business investment policy."®

Only a few studies in this field of research focus on how monetary policy shocks
affect the level of investment spending, real output and aggregate economic activity,

under conditions of imperfect capital markets. These shocks have direct consequences

1> Bernanke and Gertler (1995).

18 According to Cori¢ (2012), when information asymmetries between borrowers and lenders are
solvable, the external finance premium is defined as: "the difference between the interest rate on the
external source of finance that agents with low net worth would be charged compared to the interest
rate those agents would be charged in the situation where their net worth is high". On the contrary, if
the information asymmetries are not solvable the external finance premium is defined as "the difference
between the marginal value of the firms’ internal funds and the marginal costs of the external funds,
and will contain the costs of all the wasted resources and missed production opportunities”.

" The external finance premium is estimated inter alia in the empirical literature as the difference
between the 6-month commercial paper rate and the 6-month T-bill rate, or as the difference between
the prime lending rate and the 6-month T-bill rate.

8 Bernanke and Gertler (1995) consider that the external finance premium is important for the
interpretation of various problems encountered in the analysis of monetary transmission. For instance,
the study of its behavior contributes to explain the delay observed in the reaction of inventories and
nonresidential investment after a tightening of monetary policy.
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on borrowers’ financial conditions (net worth). The imperfect substitution between
borrower's internal and external funds is the main impulse and the necessary condition
for the operation of the balance sheet channel. This channel that operates
complementary to the interest rate channel -due to credit market imperfections that
generate financial constraints in firms' investment decisions- plays a distinct and
crucial role for the implementation of monetary policy. The operation of the balance
sheet channel can be illustrated as follows. An increase in the short-term interest rates,
after a contractionary monetary policy, implies not only a decrease in the demand for
capital and a resultant decrease in cash flow as the cost of capital rises for borrowers,
but also a decrease in both equity prices and net worth. Furthermore, borrowers' asset
prices decline and this causes a reduction in the value of collateral that they can use in

order to increase their financing.

As a result, loan supply declines due to the amplification of adverse selection and
moral hazard problems, and consequently, investment and aggregate demand also
decrease. **?° Under these circumstances, borrowers do not have adequate capital and
the required collateral that they could use in order to increase their external financing.
Thus, they will have to pay higher external financing cost to lenders, so as to raise the
external funds that are necessary for the implementation of their investment projects,
in case their internal funds are insufficient. This rise in the cost differential is caused
by the asymmetric information that increases the risk which creditors undertake.
Thus, a negative relation between borrowers' balance sheets and the cost differential,**

which influences investment spending, is observed.

The effects of a monetary contraction on borrowers’ available credit are different,
based on the different level of financial constraints that they face, while the latter are
specified according to their balance sheet conditions. Thus, borrowers with lower net
worth face higher credit constraints and larger financing costs, and, are obliged to

reduce more their investment projects over the business cycle. So, under the operation

9 Mishkin (1995).

% The consequences on aggregate economic activity will be more serious after a tightening of
monetary policy for borrowers whose investment depends, to a great extent, on bank credit. According
to Bernanke (1993) this may restrict their access to bank loans or raise the cost of bank credit, which in
turn will reduce their investment expenditure to a greater extent.

21 1t is an essential condition that the cost differential will be contingent on borrowers' balance sheets.
The theory shows that the external finance premium strongly depends on the firm's financial conditions
during periods of recession.
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of the balance sheet channel, the effects of a monetary policy disturbance on real
economy will be more persistent and stronger due to the interrelationship between
borrower’s balance sheet conditions and the cost differential. The above procedure
describes the operation of the balance sheet channel or the financial accelerator effect.
There is no research according to which the notion of the balance sheet channel
matches the notion of the financial accelerator effect. It is obvious that these notions
capture identical mechanisms when a monetary shock occurs,?? which contribute to
the enhancement and propagation of this shock, through the balance sheet conditions
of borrowers.? Consequently, the effects caused due to changes in the interest rates
are amplified by changes in the cost differential. Thus, by using this differential, we
are able to quantify the cost-of-capital effects beyond the restrictive neoclassical

variable.

However, as it is described analytically in the previous essay of this thesis, there is a
problem of conception, which has not been brought out in the relevant literature and
concerns the definition of the external finance premium. This arises because the
measures of the external finance premium are not clearly defined. Specifically, many
studies consider the above premium as the difference between the cost of external
finance and the opportunity cost®* of internal finance, which is not the same as the
cost of internal finance. To address this issue, in this thesis we use the return on
retained earnings to firm owners in order to specify the cost of internal finance, not in
the ambiguous sense of the opportunity cost. In this case, the basic assumption that
the cost of external finance is always greater than the internal cost does not exist.
Thus, the term "cost differential™ instead of the "external finance premium" describes

better the relation between external and internal finance.

Finally, the identification of the operation of the balance sheet channel is a

controversial issue. Two basic different methodological approaches are followed in

2 An economic shock that can affect borrowers’ financial conditions and is the starting point for the
financial accelerator effect could be except from a monetary shock, a technological shock, a
productivity shock, a banking crisis shock, a shock in the labor market, or a government shock among
others.

%% Bernanke et al. (1996) were the first who introduced the "financial accelerator" term, while Bernanke
and Gertler (1995) use the term "balance sheet channel”, in order to describe the known procedure
which was extensively employed in the empirical literature concerning borrower's investment policy.

% See e.g., Bernanke and Gertler (1995); Serven and Solimano (1992); Bernanke et al. (1999); Cohen-
Cole and Martinez-Garcia (2009); Gertler and Kiyotaki (2010).
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the literature. The first one investigates the interlinkages between the external finance
premium and aggregate economic variables. The second one, by using disaggregated
data, does not take into consideration the specification of the external finance
premium. The sample is classified according to specific variables, which are used as
proxies for borrower's financial constraints. Based on reduced-form equations,
researchers test if variations on borrower’s balance sheet conditions have significant
effects on its investment in order to examine the operation of the balance sheet

channel.

3.2.1.1. Methodological approaches for identifying the operation of the balance

sheet channel

3.2.1.1.1. Identifying the operation of the balance sheet channel through the
financial accelerator effect

There is a strand of studies in the empirical literature that examine the relationship
between the external finance premium and aggregate economic indicators after an
economic shock, assuming the existence of information asymmetries. The financial
accelerator mechanism, which arises due to the existence of capital market
imperfections, describes the procedure where a monetary tightening - a small initial
economic shock in short-term interest rates- is magnified and diffused persistently to a
significant and extensive shock with significant effects on real economic activity.
There are a number of distinctive works in this field of research aiming to capture and
describe the financial accelerator mechanism based on the external finance

premium.®

Bernanke and Gertler (1989) were the first who developed a structural neoclassical
growth “real business cycle” model in order to capture the financial accelerator effect.
The formation of an external finance premium?® creates a link between borrowers’
balance sheet conditions (net worth) and real variables (investment, output), because

of the information asymmetries between borrowers and lenders, assuming the

% A number of different partial-equilibrium models (Townsend, 1979; Greenwald, Stiglitz and Weiss,
1984; Kiyotaki and Moore, 1997) also examine the financial accelerator mechanism.

% Bernanke and Gertler (1989) assume that firms are able to overcome information asymmetries and
have access to external financing by paying the external finance premium.
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existence of a costly state verification problem (Townsend, 1979).%” The existence of
an inverse relation between economic agent’s net worth and external finance
premium, after an economic disturbance, is the main axis for the operation of the
financial accelerator mechanism. The negative relationship between borrowers’
financial conditions and agency costs magnifies the effects of an exogenous shock on
borrowers’ investment. The higher the net worth is, the lower the agency costs and the
external finance premium are, and consequently, the higher the firm’s investment

spending is, and inversely.

An exogenous productivity shock weakens borrower's balance sheet (net worth) and
amplifies the need for external financing due to the reduction of the internal cash
flows. This in turn increases the external finance premium and reduces more the level
of investment demand. The initial shock is strengthened because lower investment
contributes to lower cash flows and lower economic growth in the following periods.
Thus, there is a decrease in aggregate economic activity. Conclusively, credit market
imperfections, which cause divergences between the cost of internal and external
finance for borrowers, conduce to the reinforcement and propagation of an initial
shock in the economy,”® and so they are the main factors that provoke the financial
accelerator effect. Bernanke and Gertler (1989) also provide evidence that the
financial accelerator effect is stronger for borrowers with lower net worth (cash

flows).

However, changes in net worth are caused not only by changes in borrowers’ cash
flow, but also by changes in asset prices. Kiyotaki and Moore (1997), based also on a
general equilibrium model, try to capture asset price effects on borrowers' net worth
and production over the business cycle, in order to describe the "multiplier effects” (it
is the same mechanism as the financial accelerator effect). They consider an economy
where land is the only durable asset and serves a twofold purpose. It is used as a
factor of production and as collateral for loans. The basic assumption of their model is
that the financial constraints in a dynamic economy arise endogenously, due to the
fact that only if debt is secured -through specific assets- borrowers are obliged to pay

lenders back. Thus, information asymmetries between borrowers and lenders are

2" According to the Townsend's costly state verification hypothesis lenders have to bear a cost in order
to be able to audit borrowers, while this cost is transmitted to the financing cost of the borrower.

% A monetary shock is necessary in order to study the operation of the balance sheet channel.
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difficult to be overcome. For this reason, borrowers are obliged to provide
collateralized durable assets in order to have access to external financing, and secure

the total amount of lending, an ability which is connected with their net worth.

A productivity shock restricts borrowers’ balance sheets (net worth) because of a
reduction in asset prices. Firms that face greater financial constraints are obliged to
reduce investment spending that comprises investment in land. This, in turn, implies
greater reductions in their net worth and in the level of investment in the subsequent
periods. Consequently, Kiyotaki and Moore provide evidence that the dynamic
interrelationship between asset prices and financial constraints contributes to the
reinforcement and propagation of an initial small shock to technology or income
distribution. The effects of these shocks on output and asset prices become larger and
more persistent during time through the above multiplier process.

Contrary to the above studies, there is an approach that is not based on the external
finance premium to describe the financial accelerator mechanism.? Greenwald and
Stiglitz (1993) deploy a general equilibrium macroeconomic model for the same
purpose. Based on the existence of financial market imperfections -due to adverse
selection and moral hazard issues-, they show how these imperfections, which specify
firm’s stance toward risk, affect its investment. More specifically, they explain how
production, labor inputs and investment change according to firm’s risk taking
behavior, which is determined by the net worth and the stock of liquid assets. Their
main aim is to study how borrower's balance sheet conditions (net worth) affect its
investment spending in order to interpret how a small economic shock can cause large
and persistent effects among different firms over the business cycle. Thus, a shift in
the supply curve of a firm leads to shifts in the demand curve of the other firms,

reinforcing and propagating in this way the initial shock.

We observe that the previous studies capture the financial accelerator effect after a
productivity shock. However, the financial accelerator model is used in order to
capture the effects of capital market imperfections on the borrower's investment

decisions and verify the operation of the balance sheet channel after a monetary

 Greenwald and Stiglitz (1993) show that the financial accelerator effect arises due to the existence of
information asymmetries on equity markets -since a new equity issue implies a restriction on the share
price of the firms because investors do not have the same information as management-, and on the
behavior of firm’s management which are risk averse because of personal interests. Thus, they assume
that borrowers' financing options are based only on debt finance and not on equity finance.
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shock.*® Bernanke et al. (1996) aim to describe its operation, when a monetary shift
occurs. They were motivated by the paradox fact that small shocks generate large
cycles, and refer to this mechanism as the “amplification of initial shocks brought
about by changes in credit-market conditions”. Bernanke et al. (1996) stress the
principal-agent problems, which exist in credit markets. They argue that endogenous
changes in agency costs of lending, which arise because of informational asymmetries
that are evident in credit markets between borrowers and lenders over the business
cycle, contribute to the financial accelerator effect. More specifically, they use cross-
sectional tests, in order to verify this accelerator effect. An indication of the operation
of the financial accelerator is a greater reduction of the available credit for those
borrowers who face higher agency costs, when a monetary policy shock occurs (firms
with lower net worth bear higher variations in the cost of external financing in relation
to those firms whose access to credit markets continues in a steady way). Therefore,
the former are obliged to reduce their investment spending promptly, when there is an
economic recession. This in turn amplifies the consequences of a monetary shock.®

There is a “flight to quality” as Bernanke et al. (1996) mention.

Subsequently, Bernanke et al. (1999), in a more structural approach, develop a
dynamic general equilibrium model in a closed economy with non-flexible prices, in
which they include variables that capture credit market frictions that exist especially
during stressed periods. This macroeconomic model allows for a better interpretation
and quantification of potential large fluctuations in business cycles after a shock, due
to the existence of credit market imperfections. They accept a costly state verification
framework. According to Bernanke et al. (1999), the financial accelerator model aims
to capture how endogenous variations in credit markets contribute to the
reinforcement and spread of shocks to the real economy. They include “money and
price stickiness” in their model, so as to specify the possible effects that imperfect
credit markets have on the transmission of monetary policy actions. Also, they
incorporate lag-values of investment, in order to capture the lead-lag relationship

between firm’s investment and asset prices, and they allow heterogeneity among

% Gertler and Gilchrist (1993), argue that nonlinear effects can be captured after a monetary policy
change through the financial accelerator mechanism.

1 Gertler et al. (2007) extend the Bernanke et al. (1996) financial accelerator model to an open
economy with flexible exchange rates. Their main aim is to quantify the financial accelerator effect
during a financial crisis.
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borrowers so as to describe their access to capital markets. They claim that the

external finance premium of a firm depends endogenously on its financial conditions.

More concretely, their model allows the specification of the interactions between
the financial conditions of a firm and its investment behavior after a shock by
including the external finance premium.*® They assume that the external finance
premium is negatively related to firm's net worth due to the existence of agency costs
between borrowers and lenders. Procyclical variations in firm's net worth will cause
countercyclical changes in the external finance premium over the business cycle.
They separate the sample based on firms' accessibility to capital markets. They use
changes in asset prices in order to capture the “multiplier effect”. A decrease in asset
prices decreases borrowers’ net worth, which in turn increases the external finance
premium. These conditions contribute to a decrease in borrowers’ investment and
aggregate output. Afterwards, there is an accelerator effect through the subsequent
decrease in asset prices and net worth that imply a new decrease in investment. The
authors show that entrepreneurs with higher level of financial constraints (higher
external finance premium) present higher investment sensitivity after a monetary
policy shock, while the magnitude, persistence and diffusion of this shock in the real
economy will be greater. Thus, they provide evidence for the operation of the balance

sheet channel.

Hall (2001) employs a dynamic general equilibrium model that includes financial
accelerator effects, in order to study the interrelationship between investment and
financial conditions in the U.K. during business cycles. More specifically, he adapts
the known Bernanke et al. (1999) financial accelerator model to the UK financial
conditions, so as to examine the UK recessions. He runs the model with and without
the financial accelerator mechanism being in operation. Additionally to the evolution
of the bond spreads, he examines the financial accelerator mechanism in order to
capture changes in the supply of finance, in relation to changes in the demand that
affect firm’s investment. He aims to specify if potential variations in the financing
cost contribute to the strengthening of a shock to the macroeconomy. Hall (2001)

proves that the model which incorporates the financial accelerator mechanism, and

% Borrower's financial conditions are determined according to the portion of investment spending that
can be financed by its own internal funds.
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consequently accepts the potential operation of the balance sheet channel, describes

better the recession of the early 1990s in the UK.

The financial accelerator effect is also used to describe the bank lending channel®
in order to explain how a small monetary policy shift that causes changes in credit
supply, can produce magnified and persistent effects on real aggregate economic
activity.** In a recent study, Gertler and Kiyotaki (2010) provide evidence for the
financial accelerator effect through a general equilibrium business cycle model, where
information asymmetries restrict banks’ access to new funds due to variations in their
net worth. They incorporate financial intermediation in their model in order to
examine its effect on real activity. Moreover, they do not take into account credit
constraints by non-financial borrowers (e.g. firms), as discussed in the relevant
literature, but examine only constraints that financial intermediaries confront during
the crisis period. Banking institutions take the position of the borrowers as economic
agents, while households are the lenders. Banks affect aggregate economic activity
through the subsequent credit constraints that they face after an economic shock.
Gertler and Kiyotaki (2010) assume the existence of constraints between financial
intermediaries and their depositors (households), which limit the ability of the first to
attract new funds and distribute them to non-financial borrowers due to the
deterioration of their balance sheet conditions, especially, during contractionary
periods where asset prices decrease. As a result, this situation amplifies the external
finance premium, which implies an increase in the cost of credit for the borrowers.
The financial accelerator effect is strengthened, while aggregate economic activity is

weakened.

In addition, Cohen-Cole and Martinez-Garcia (2009), try to model the operation of
the balance sheet channel in order to incorporate the new conditions (financial and
credit market imperfections) that were formed during the recent financial crisis, -in
which the banking system plays a crucial role- and reinforce the results of a shock
over the cycle. They extend the Bernanke et al. (1999) model, by incorporating “a
regulated banking sector and frictions in the secondary market for used capital”, thus

taking into consideration the role of the banking balance sheet. They examine the

% See among others Hubbard, Kuttner and Palia (2002) and Gambacorta and Mistrulli (2004).

% The operation of the financial accelerator mechanism is focused mainly on firms, as the only
economic agents. However, it is also concerns households and banks, which determine their investment
spending in relation to their net worth based on the magnitude of the cost differential.
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effects of the banking regulations on the banks’ lending channel, which change the
operation of the transmission mechanism in the financial accelerator model of
Bernanke et al. (1999).

3.2.1.1.2. ldentifying the operation of the balance sheet channel through

Investment Models

By using aggregate data it is difficult to specify if variations on borrower’s level of
investment are attributed to changes in credit supply or to changes in credit demand.
More specifically, through the implementation of the financial accelerator effect, it is
not possible to determine if the necessary positive relationship between aggregate
credit and aggregate investment is implied by shifts in the supply of capital stock
(changes in borrower’s internal funds) or by shifts in the demand for capital stock,
where the latter depend on borrower s’ investment opportunities. Thus, the difficult
part of the above process is to determine borrowers’ investment opportunities.
Various investment models are used in the empirical literature for this purpose.
Another problem arises due to the difficulties in the estimation of the external finance
premium. The accurate specification of firm’s internal financing cost is not possible.
Last but not least, by using aggregate data, potential endogeneity issues may arise
(Bernanke et al., 1996). For these reasons alternative empirical methodological
approaches are followed aiming to provide evidence that the balance sheet channel is

operative.

Empirical research uses firm-level data, in order to capture the specific information
asymmetries that borrowers face and specify the impact of these asymmetries on their
investment policy. For this purpose, there are two different econometric approaches,
which are followed in order to assess the operation of the balance sheet channel.*® In
the first, a number of different investment models are used aiming to specify the
optimal level of investment demand, by estimating reduced-form investment
equations, and by limiting, as much as possible, the number of the restrictive
theoretical hypotheses. The reduced-form approach encompasses the neoclassical
model, the accelerator model, and the Tobin’s Q model. The second approach is the
Euler equation model.

% Schiantarelli (1996).
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The neoclassical model uses the user cost of capital and output, so as to estimate the
investment equation for the determination of investment demand.*® More specifically,
the model aims to specify the optimal level of investment spending in order to
maximize firm’s utility. It examines the possible effects that changes in the cost of
capital may exert on the capital stock to output ratio, while it does not take into
account any price variables. The cost of capital is independent from the firm’s specific
characteristics and as a result the firm's optimization problem is not related to its
financial structure. So, this approach does not take into account the probability the
above examined relationship to be differentiated in firms with different financial
conditions. The accelerator model assumes that changes in real output (Clark, 1917;
Jorgenson, 1971) or sales (Abel and Blanchard, 1988) are the main factors for
variations in the capital stock, which subsequently imply variations in real investment
spending. The model does not take into consideration any price variables to explain
changes in investment demand. However, correlation issues may arise due to the

possible interdependence between firm’s cash flow and sales.*’

Two alternative models, based on the neoclassical model of investment, under the
assumption that the real user cost-of-capital does not change, are Tobin’s Q and the
Euler equation. They are neoclassical formulations which arise from the dynamic
optimization problem of a firm's value. Based on these models, researchers study the
operation of the balance sheet channel, by examining cross-sectional changes in the
borrower’s balance sheet conditions, which specify the level of loan demand and as a
result the level of investment spending. More specifically, they examine the
significance of the borrower's financial constraints on its investment under conditions
of perfect capital markets through reduced-form investment equations estimated on
cross-sectional or panel data. This is achieved by incorporating different variables in
the investment equations as proxies for the firms' balance sheet conditions (cash flow,

coverage ratio, net worth, stock of liquid assets, total debt as a fraction of total assets,

% The initial form of the neoclassical model includes only the user cost-of-capital as the main factor
that affects investment (e.g. Tinbergen (1941). Hall and Jorgenson (1967), and Jorgenson (1971)
develop the neoclassical theory of investment that includes the level of output in the corresponding
model.

¥ According to Fazzari et al. (1988) a weakness of the sales accelerator model is that “it does not
incorporate the relative price of capital or capital services in the empirical specification”.

124



Is it the bank lending channel, the balance sheet channel or both or neither?

etc.) and by testing their significance for borrower’s investment.*® Various criteria
have been used in order to separate the sample based on the different information
asymmetries that borrowers face. In case that these proxies are found to have positive
and statistically significant effects on firms’ investment, -especially after a monetary
policy tightening which affects directly and indirectly borrower's balance sheet
conditions-,*® while they improve the explanatory power of the investment equation,
this is a sign that the balance sheet channel is operational. By employing this

approach there is no need to estimate the borrower’s cost differential.

Tobin’s Q model (Tobin, 1969) is used in the relevant empirical literature,* in order
to specify optimal investment demand. In particular, the Q model aims to control for
the existence of financial constraints for firms that are more likely to encounter
information asymmetries, and, specify the effects of these constraints on their
investment policy. It does not include the user cost of capital, but the value of the
firm’s assets. Investment to capital ratio is regressed on the ratio of the firm’s total
value to the replacement cost of its total capital stock (average Tobin’s Q).41’42 So,
based on Tobin’s Q theory, the market valuation of the firm’s capital stock is the main

d.4344

factor which specifies investment deman Firm’s investment spending will

expand only in cases where the expected future profitability* of investment is greater

% Many researchers use a number of different variables instead of investment, in order to capture the
effects of variations in borrowers' balance sheet conditions (e.g. employment demand, R&D, inventory
investment etc.).

% Bernanke and Gertler (1995).

0 See Fazzari et al. (1988), Devereux and Schiantarelli (1990), Gertler and Hubbard (1988) among
others.

! According to Hayashi (1982) average Q is used as a proxy for marginal Q under conditions of perfect
capital markets. He argues that "if there are constant returns in the adjustment costs, then average Q
equals marginal Q". Hayashi (1982) was the first who extended the Tobin's Q theory to investment
models based on the assumption of convex costs of adjustment of the capital stock.

2 Average Q = (V, + B{— F) / (K + Ny), where V is the market value of shares, B is the market value of
debt, F is the market value of financial assets, N is the market value of inventories, and K is the market
value of the capital stock.

® A firm’s investment spending will expand in case the marginal Q is higher than one and until it
becomes equal to one. In this equilibrium point, marginal Q is equal to one and is also to average Q.
Fazzari et al. (1988) define marginal Q as the shadow value of an additional unit of capital.

* Phillipon (2009) in a different approach based on Tobin’s Q model, uses bond prices instead of
equity prices (known as “Bond Q” model). Additionally, Gilchrist and Himmelberg (1995) use a vector
autoregression model and develop the “Fundamental Q” model.

* According to Modigliani and Miller (1958) firm’s investment opportunities represent firm’s expected
future profitability.
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than the replacement cost of its total capital stock, under conditions of perfect capital

markets.

Average Q is used to predict and capture firm's future investment opportunities and
possible variations, which are crucial for the borrower’s investment decision making.
The firm’s market value should reflect all the information about the firm’s investment
policy, when there are no imperfections in the capital markets. Researchers examine
the cross-sectional changes in the firm's financial conditions, in order to verify the
operation of the balance sheet channel. They incorporate a number of different
variables (cash flow, liquid assets, short-term securities, etc.) in the Q model, which
capture the firm's potential to expand its investment based on its own funds, in order
to estimate the effects of financial constraints on the firm’s investment. In case credit
market imperfections exist, the average Q cannot be used to capture the firm’s
investment opportunities and specify the level of investment, and thus Tobin’s theory
does not exist. The latter will depend on the significance of the variables that are used
as proxies for the firm’s balance sheet conditions and they are incorporated in the Q
model. So, if the variables examined are found to have significant effects on
investment after the estimation of the Q model, this will be evidence for the presence
of credit market imperfections and successively for the operation of the balance sheet
channel. In this case, the estimated variables will also capture firm’s investment
opportunities due to the existence of imperfections especially for firms that present

greater information asymmetries.*®

An additional type of econometric model of investment behavior is the standard
Euler equation model, which also describes firm's investment policy.*” The Euler
equation, instead of the Q model, is preferred, when there is no information about
firms in the stock markets, or there is no sufficient data to construct the Q variable.
The Euler equation is derived from the firm’s value maximization problem. However,
it uses measures of profitability that are independent from the market value of the

firms. This allows to overcome the measurement error problems of the Q model

*® The inclusion of the extra variables as proxies for borrower's internal finance in the Tobin’s Q model
should not improve the explanatory power of the model.

*" See Gilchrist (1990); Hubbard and Kashyap (1992); Whited (1992); Hubbard et al. (1995) among
others.
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because there is no need to test and specify borrower's investment opportunities.*® The
Euler equation approach assumes that the firm’s current period's rate of investment
should be dependent on next period’s rate. Similarly, as in the Q model, a variable is
included as a proxy for borrower's financial conditions. In case that this variable has
significant effects on investment demand, this signifies the existence of financing
constraints and the misspecification of the Euler equation, because the assumption
that there are no credit market imperfections will not be valid.***® Thus, the balance

sheet channel will be operative.

The main variable which is used widely in the empirical literature to examine if the
relationship between investment and internal finance is considered as a reliable proxy
for the existence of financial constraints, is cash flow.”* Thus, the cash flow variable
which captures borrower’s net worth>? is used as a proxy for firms' balance sheet
conditions and determines the source and the cost of firms' financing, as well as the
extent of their investment, when there is imperfect substitution between internal and
external finance in capital markets.>® When the cash flow variable is significant, this
is interpreted as evidence for the operation of the balance sheet channel. Therefore,
the negative effects of a monetary policy shock are linked to the borrowers’ financial
position, which determines their ability to find alternative sources of funding from
credit markets, in order to counterbalance the reduction in cash flows and fulfill their

investment plans.

“8 According to Schiantarelli (1996), as in the Q model, an important issue connected with the Euler
equation approach is that technology may be a significant factor for the rejection of the first order
condition in the maximization problem. So, in the Euler equation, factors that cannot capture the
existence of credit market imperfections are responsible for measurement problems. More details about
the possible drawbacks of the Euler equation approach are presented by Schiantarelli (1995).

* Agung (2000).

%0 The Euler equation will be misspecified for a firm that does not pay any dividends (Gilchrist, 1990),
or is at its maximum level of debt which is feasible (Hubbard and Kashyap, 1992), if the hypothesis of
perfect capital markets is not true.

*! The main arguments for the use of the cash flow variable are the high availability of the data and the
fact that it captures the firm's market value. Boivin et al. (2010) calculate cash flow as the difference
between cash receipts and cash expenditure.

%2 Schiantarelli (1995) defines net worth as the firm's liquid assets plus collaterizable illiquid assets. He
argues that the calculation of net worth has difficulties because it depends on borrower's future returns.
For this reason cash flow is used extensively in empirical studies.

%% As Walsh (2003) notes "with agency costs creating a wedge between internal and external finance,
measures of cash flow, net worth, and the value of collateral should affect investment spending in ways
not captured by traditional interest-rate channels".
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However, there are many researchers (Gilchrist and Himmelberg, 1995; Hubbard
1998, among others) that dispute the use of the cash flow variable as a proxy for
firm’s internal funds.>® They argue that the inclusion of the cash flow variable in an
investment equation may be problematic, due to the fact that it can include
information about firm’s investment future profitability in addition to the level of
borrower's financial constraints. On this occasion, correlation issues may arise
between cash flow and firm's future investment opportunities, which implies
misleading results about its significance, and in this way about the existence of credit
market imperfections. The Q model allows to deal with the above issue by capturing
changes in firm’s future investment opportunities (Fazzari et al., 1988; Devereux and
Schiantarelli, 1990). In case that the Q variable is found to be significant, then the
cash flow variable that is also included in the model, will provide evidence in a
reliable way about the existence of financial constraints for the firms. This is the main
reason for the extensive use of the Q model in the empirical literature.> Furthermore,
researchers argue that the inclusion of the cash flow variable in a regression equation
can also provide ambiguous results, due to the different probability of the existence of
financial constraints for the firms. For this reason, the regression equation is estimated
for groups of firms that are classified according to specific characteristics (specified in
an ad hoc way), which capture borrower’s potential financial constraints. In this case,
the significance of the cash flow variable provides reliable evidence for the existence

of financial constraints for borrowers due to the credit market imperfections.>®

There are many studies®’ that classify firms according to the magnitude of the credit

market imperfections and so according to the level of external financial constraints

> Cummins et al. (2006) claim that "studies that employed Q models may have found significant cash-
flow effects either because fundamentals were poorly measured or because lags of Tobin’s Q were used
as instruments".

*® However, Gomes (2001) disputes the use of the average Q due to the significant collinearity with the
cash flow variable. He proves that the cash flow variable does not contribute to extra explanatory
power in the Tobin’s Q investment model.

% It should be noted that the existence of a relationship between investment and cash flow variables
can be misleading, due to the fact that managers have personal incentives to raise firms' investment
spending (power, higher wages etc.) and do not aim to maximize their value. Managers resort to the
firm’s internal finance so as to be more unrestrained to achieve their purposes, without external
surveillance from the outside lenders. So, the significance of the cash flow variable will not actually
prove the existence of financial constraints.

%" Agca and Mozumdar (2007) argue that factors which lessen capital market imperfections contribute
to the decrease of the investment-cash flow sensitivity.
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that exist in raising external funds, and thus affect the firms' investment policy.
Different variables are used as proxies for this purpose. The main ones are size and
age (Devereux and Schiantarelli, 1990), the dividend payout ratio (Fazzari et al.,
1988), the presence of bond rating (Whited, 1992), credit rating (Chatelain et al.,
2003), and the degree of shareholders concentration (Agca and Mozumdar, 2007).
The above variables show how vulnerable the firms' investment spending is, in regard
to the impact of information asymmetries, which restrict their access to external
finance. The results of these studies are in the same line with those of Fazzari,
Hubbard and Petersen (hereafter FHP) (1988).

FHP (1988), in a benchmark work in this field of research, are the first who study
the relationship between investment and cash flow, in order to specify possible
financing constraints for a firm. They classify firms based on the level of financing
constraints they face, according to their level of dividend payout ratios, aiming to
specify divergences in the level of investment which is affected by their net worth
(cash flow). FHP incorporate Tobin’s Q and cash flow variables in the regression of
investment under examination, in order to capture firm’s investment opportunities.®®
They prove that there is a significant monotonic relationship between investment and
cash flow. They conclude that because of imperfect substitution between internal and
external finance, a firm with low dividend payments, faced with a reduction of its
internal funds, would have to reduce its investment more, than a firm, which pays out
high dividends. Thus, the more intense the credit market imperfections are, or the
greater the level of financial constraints that a firm faces is, the more sensitive the
relationship between investment and cash flow is. Their results are in the same line
with the financial accelerator mechanism. However, their approach is not based on a

structural approach.

On the other side, a large part of the empirical literature classifies firms according to
the level of their internal financial constraints, which are relevant to the availability of
internal funds as a source of investment financing. Variables that have been used to
specify the intensity of these constraints are, inter alia, liquidity (Cleary et al., 2007),

the cash flow ratio, the debt ratio, and the current ratio (Cleary, 1999), sales growth,

% FHP (1988) consider Tobin’s Q as a cash flow measure, which works complementary to the cash
flow variable.
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and the coverage ratio (Guariglia, 2008). These studies extend the results of Kaplan

and Zingale's (1997) research.

Kaplan and Zingales (1997) use the same sample as FHP and the same
methodological approach, however, they classily firms based on different criteria.
They consider that the categorization of firms according to their dividend policy is not

rational >

More specifically, they use data from annual reports of the firms and the
management’s discussion of liquidity. They separate the firms into five different
groups, according to the likelihood of being financially constrained. On the contrary
to FHP (1988), they show that the investment-cash flow sensitivity of “less financially
constrained” firms is higher.?® They argue that the cash flow variable can possibly be
used as a proxy for profit expectations. Thus, the inclusion of the cash flow variable
in an investment equation is not a reliable process to specify the potential effects or
credit market imperfections on investment and could possibly lead to incorrect
conclusions about the level of financial constraints. FHP (2000) argue that Kaplan and
Zingale's (1997) work is not reliable due to the classification scheme which is
followed in order to separate firms with different level of financial constraints. The
main objection of FHP (2000) is that Kaplan and Zingale's approach considers firms
which are financially distressed as financially constrained, so this implies

classification issues.

In the same direction, many empirical studies in recent years use panel data in a
neoclassical model of investment, so as to examine the existence of the balance sheet
channel. Chatelain et al. (2001), use micro firm-level data to estimate investment
equations, in which they examine the significance of the weighted average user cost

of capital ®*

sales and cash flow. This allows them to specify the different channels of
monetary policy and quantify the elasticity of the investment to monetary policy.
They develop an autoregressive distributed lag model for their purposes. They take

into consideration possible financial frictions and separate the sample based on the

% Moreover, the methodological procedure followed by FHP (1988) is criticized because of the
possible measurement errors of the average Q.

% |n the same direction, Cleary (1999) argues that the investment-cash flow sensitivity is higher for
unconstrained firms.

® In an alternative approach, Von Kalckreuth (2003) uses the theoretical user cost of capital, as he
argues that it captures the pure price effects in a better way, while it is independent from firm-specific
financial constraints.
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firms' size. The significance of the variable which is a weighted average of the cash

flow and the cost of capital verifies the operation of the balance sheet channel.

There are a few studies that investigate the investment-cash flow sensitivity when
there is a monetary tightening. Oliner and Rudebusch (1996) argue that monetary
policy actions specify the external finance premium due to the effects of these actions
on borrowers’ balance sheets. For example, a monetary easing improves the balance
sheet conditions (net worth) of firms through increases in the value of collateral that
they can use in order to attract new external funds. This situation has positive effects
on their external finance premium and subsequently on real investment and output.
Based on a neoclassical investment model, the authors examine the operation of the
broad credit channel (they use an alternative definition of the balance sheet channel).
Specifically they investigate the relationship between investment and internal funds
for the US manufacturing sector after significant changes in monetary policy from the
1960s to the 1990s. They classify their sample based on the size of firms, because
they hold the view that information asymmetries should be greater for smaller firms.
In case that the broad credit channel is operative, then the examined relationship
should be stronger, when a negative monetary policy shock occurs. This relationship
signals a higher external finance premium.®> On the contrary when the channel is
inoperative the aforementioned connection should present significant changes over
time. They show that a monetary tightening verifies the operation of the channel for
small firms, which are obliged to limit their investments. They also observe that the
relation between investment and internal finance is not significant after a monetary

easing by the authorities.

3.2.1.1.3. ldentifying the operation of the balance sheet channel through

alternative empirical approaches

There is a number of issues concerning robustness on the inclusion of a proxy

variable for borrower's internal finance into an investment equation. Beyond the

problems that are connected with the use of the Tobin’s Q investment model,% it is

%2 Oliner and Rudebusch (1996) specify the cost of firm’s internal finance as the sum of the risk-free
interest rate and the risk-adjusted interest rate appropriate for each firm, while the cost of external
finance is calculated as the sum of the cost of internal funds and a cost which depends on the level of
the firm’s borrowing and the risk-free rate.

% There are some concerns about the use of the Tobin's Q model. According to Schiantarelli (1995) the
use of the Q model, entails the risk that the "average Q may be a very imprecise proxy for the shadow
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also possible to find significant investment-cash flow sensitivity without the existence
of financial constraints. Moreover, a disadvantage of this approach is that it does not
assume the procyclicality of a firm’s net worth, as it is necessary, in the financial
accelerator mechanism. According to Cori¢ (2010) cross-sectional and panel data
studies do not specify the magnitude of the procyclicality of firm’s net worth and the
aggregate effects of these results. Hovakimian and Titman (2006) and Almeida and

Campello (2007) give a partial solution to the abovementioned problems.

Also, the selection of the criteria that capture single or multiple indicators of a
firm’s financial conditions is an important issue. Schiantarelli (1995) underlines that
endogeneity issues may arise as far as the different variables that are employed for
firms’ classification are concerned. Moreover, Schiantarelli (1995) claims that an
important issue concerning the classification of the firms according to one firm
specific characteristic, is that this “single indicator may or may not be a sufficient
statistic for the existence of liquidity constraints”. Furthermore, problems may emerge
due to the use of more than one criterion in order to separate the sample -the number
of the parameters under estimation will be high-, which implies difficulties during the
estimation of the model. Last but not least, researchers express disagreements in
regard to the static way of the firm's classification, as it is considered possible for the
level of the financial constraints to change during time. Thus, it is difficult to
determine if time-invariant or time-varying criteria are more appropriate for the
borrowers' classification, as constrained or unconstrained. In order to deal with these

issues alternative approaches are used.

The endogenous switching regression approach solves the last problem. It does not
classify firms according to specific criteria. The firm status, as constrained or
unconstrained is specified according to specific data based on a switching function.
Therefore, the sample separation is dynamic, because the criteria used for the firm’s
classification, in order to determine the magnitude of each firm’s financial constraints,
are specified endogenously. Quader and Taylor (2014) estimate endogenous switching
regression models,® in which they include a corporate efficiency index as a measure

of information asymmetries based on a stochastic frontier analysis. This aims to

value of an additional unit of capital”. Gilchrist and Himmelberg (1995) find that measurement error
problems connected with Q have consequences on the relation between investment and internal funds.

& Almeida and Campello (2007), Hu and Schiantarelli (1998), among others, use switching regression
methods that allow changes in firms' classification.
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specify potential effects of cash flow on corporate investment under conditions of
imperfect capital markets and costs. In this way, they are able to specify the firm’s
efficiency which moves inversely to the level of agency costs. This approach allows
firms to be classified endogenously based on the level of their financial constraints.
They find that the differences between external and internal cost of finance, due to the
presence of credit market imperfections, reinforce the sensitivity between investment
and cash flow. Thus, they include efficiency in the investment equation in order to
examine investment-cash flow sensitivity. This sensitivity is higher for firms which
are more financially constrained, whereas it is lower when firms become more
efficient and as a result less financially constrained.®® Conclusively, they observe a
non-monotonic effect of corporate efficiency on firm’s investment-cash flow

sensitivity.

Cleary et al. (2007) interpret the results of the studies, which show that there is a
positive monotonic relationship between investment and internal funds, as a
consequence of the “restrictive assumptions about firm’s investment or financing
opportunities, or ad hoc assumptions about the costs of external finance”. They
construct a model in order to show that the level of internal funds influences firm's
investment. They find a U-shaped relationship, when the sample is classified,
according to the availability of the firm's internal funds. Specifically, they show that
when a firm’s internal funds are high, investment increases monotonically with
internal funds. On the contrary, concerning low levels of internal funds, where a
financial wedge of the firm is observed, they find a negative relationship between
them. Thus, the investment-cash flow sensitivity is lower for firms which face higher
financial constraints. In the case where the firms are classified on the basis of the
credit market imperfections, the investment-cash flow sensitivity is higher for firms

which face higher financial constraints.

Based on a different methodological approach, Guariglia (2008) asserts that the
deviations in the results of FHP (1988) and Kaplan and Zingales (1997) studies arise

due to the various classification criteria. Guariglia (2008) uses the cash flow® and the

% Quader and Taylor (2018) argue that investment-cash flow sensitivity could also arise due to
measurement errors in investment opportunities.

% Guariglia (2008) uses cash flow as a proxy for internal funds because it can take both positive and
negative values. She argues that there are some concerns for the use of cash flow, as it is a flow
variable, so it cannot include the stock of capital which was formed in the past.
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coverage ratio, as proxies for the internal financial constraints, and the firms' size and
age for the external ones, in order to study the investment-cash flow sensitivity of a
panel of unquoted UK firms. She estimates an error correction model, which allows to
overcome the criticism that the cash flow may be an important determinant of
investment. This is simply because it accounts for investment opportunities, which are
poorly measured by Tobin’s Q. According to Guariglia (2008) the advantage of an
error correction model in relation to the Q model is that it “maintains the long-run
properties of value-maximizing investment models, but does not impose the
restrictions on short-run dynamics associated with particular adjustment cost
specifications”. Therefore, based on a VAR model she can specify the present value
of the firm’s profits, which is used in an investment equation in addition to a proxy
variable for firm’s internal funds. The results provide evidence of a U-shaped
relationship between investment and cash flow when the sample is separated by the
level of internal funds. However, this relationship monotonically increases, when the
level of the firm's external financial constraints is used. Guariglia concludes that the
relationship between investment and cash flow is stronger for those firms which face

higher external financial constraints and lower internal ones.

Ashcraft and Campello (2007) develop an empirical approach in a diversified
framework, in order to verify the operation of the balance sheet channel and its
contribution to the transmission of monetary policy. They employ a structural VAR
model to distinguish the demand and supply-side effects. They use a two-step
empirical methodology. In the first step they run cross-section regressions so as to
specify the balance sheet sensitivities, while in the second they use the coefficients
from the first step and run time series regressions. The different responses of the
firms' investment to a monetary policy action are attributed to the existence of
financing constraints. The authors prove that the balance sheet channel is active and
works independently from the operation of the bank lending channel, especially,
during periods of recession when a firm’s balance sheet conditions are weaker. They
use a sample of small subsidiary banks, which were affiliated with the same bank
holding company with activities in different geographical areas. They conclude that
through the operation of the balance sheet channel, a monetary change is magnified

and propagated with stronger effects on aggregate economic activity. The authors
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stress that the weaker borrowers' net worth is, the higher the potency of the channel

and its effects on investment will be.

Ascioglu et al. (2008) classify firms as more or less financially constrained
according to market-based measures of asymmetric information. They use effective
spreads, the price impact of trade, and the probability of informed trade (PIN) in order
to measure the degree of financial constraints more directly. They conclude that the
higher the information asymmetry for a firm is, the more sensitive its investment
spending to cash flow is. Despite this, they find that there is a non monotonic

relationship for firms with low probability of informed trade.

Angelopoulou and Gibson (2009) study the investment-cash flow relationship in
order to specify the operation of the balance sheet channel by using a panel sample of
UK manufacturing firms during periods of significant monetary tightening and
between periods of financial development. They argue that procyclical changes in a
firm’s net worth cause procyclical movements in the firm’s investment, as well. This
leads to accelerator effects that reinforce the magnitude of economic cycles. They
examine the connection between the financial constraints of a firm and changes in
monetary policy. For this purpose, the authors form a monetary tightness indicator
based on the narrative approach of Romer and Romer (1989). They classify the
sample of firms according to their size and financial policy and prove that firms with
greater financial constraints have greater investment-cash flow sensitivity, while this
sensitivity is higher when there is a monetary policy tightening. Conclusively, they
provide evidence for the existence of the balance sheet channel, which operates
complementary to the other channels and contributes to the reinforcement of initial

monetary shocks through variations in borrowers’ net worth.

We observe that several models have been used in order to examine the significance
of the financial constraints on the level of investment. Their purpose was to examine
if investment spending of firms, which face greater informational asymmetries,
responds differently to a shock that affects their net worth. Nevertheless, we observe
that there is no specific pattern that describes the relationship between investment and
cash flow. Hence, it is not clearly defined whether the relationship between
investment and cash flow could be used as reliable proof for the existence of financial
constraints. This relationship is determined on the basis of the methodology applied

and the different variables, which are used for the firms’ classification, in order to
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measure the financial constraints. However, the strength of these constraints may
affect a sample of firms in a different way, depending on the variations of monetary
policy, the fluctuations during the business cycle, the changes in financial markets,
and the specific conditions that exist for each firm separately. Furthermore, the
investment-cash flow sensitivity varies depending on the wedge between external and
internal finance. Consequently, we argue that it does not matter which variables are
used in order to split the sample, because there are no adequately specified reasons
according to which the classification of firms affects the relationship between

investment and cash flow.
3.2.2. Overview of the bank lending channel

The monetary policy transmission mechanism can have significant effects on the
real economy not only via the balance sheet channel, but, also via the operation of the
bank lending channel, and particularly through variations in bank loan supply. The
bank lending channel is connected with the banks' operation, and reinforces the
function of the interest rate channel. Bank balance sheet conditions determine the
level of financial frictions and as a result the operation of the bank lending channel.
The banking system contributes to the guarantee of the normal function of credit
markets and ensures financial stability. In particular, banking institutions help in
overcoming information asymmetries in credit markets between borrowers and
lenders. Also, through credit provision, complementary to money and bonds, spending
and investment are reinforced, with subsequent positive effects on the growth of real
economic activity. Thus, their role is crucial, especially, during periods of monetary

contraction.

A reduction in the supply of bank loans to borrowers, after a monetary shift, implies
a further reduction in their investment expenditures. Banks retain deposits depending
on their reserves and the supply of loans. Hence, when a contractionary monetary
policy leads to a decrease in bank reserves, and consequently, in bank deposits, this
leads to a lower supply of new loans. This is the basic line for the verification of the

operation of the bank lending channel.®’

% In the empirical literature we find an alternative lending channel beyond the conventional bank
lending channel (see e.g. Van de Heuvel, 2002; Boivin et al., 2010). It is known as the bank capital
channel. Banks, based on the level of their capitalization, adapt their balance sheet after a monetary
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A disturbance in the provision of bank credit could possibly lead to the rise of the
cost differential for those borrowers whose activities are strongly dependent on bank
credit. This happens specifically to small firms whose access to credit markets is not
always assured and are not able to absorb reductions in bank loan supply. These
borrowers are obliged to seek new sources of financing, so as to fund their
investments. Therefore, it is possible to find difficulties in substituting these funds
with alternative sources of finance, without extra costs. If this is not feasible, the
borrowers' ability to fund new investments is reduced, and thus, total output also
decreases. We see that the contribution of the banking system to the reduction of
credit market imperfections for ensuring financial stability is valuable. Bank credit is
considered as one of the most privileged sources of funding for businesses, as banks
have the ability to mitigate credit market imperfections.

The necessary condition for the operation of the bank lending channel is the
imperfect substitutability between bank credit and other sources of external financing
for firms as well as between loans and securities for banks.®®®® So, a monetary
contraction will entail a reduction in banks’ credit supply. This happens due to
imperfect substitution between credit and bonds on the asset side and between bonds
and deposits on the liability side. Thus, firms that are strongly dependent on bank
loans will have to limit their investments. If the above hypothesis is not true, then the
Modigliani and Miller’s financial irrelevance theorem should apply. In this case, loan

demand and demand for bonds cannot be separated.

The only structural model, and the benchmark model as regards to the interpretation
of the bank lending channel, is the Bernanke and Blinder (1988) model. The authors
suggest that the credit channel complements the function of the interest rate channel.

In the model which they develop, they include the loan market in the conventional IS-

change. The lower the amount of capital they hold, the weaker loan growth will be. Thus, monetary
policy shifts that have significant effects on bank equity capital also lead to changes in bank lending.

% Bernanke (1993) argues that a prerequisite for a bank loan to act independently in the transmission of
monetary policy, and thus, the bank lending channel to incur, is the imperfect substitution between
loans and bonds for firms, and between loans and securities for banks because of the imperfections in
financial markets.

% De Bondt (1999) highlights that two conditions have to be satisfied in order for the bank lending
channel to be effective. The first condition is that there is no perfect substitute for bank loans, both, for
borrowers and lenders, while the second condition is that the monetary policy can reduce bank lending
via the adjustment of bank reserves.
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LM model aiming to study the bank lending channel.”” A contractionary monetary
policy reduces bank deposits, which in turn implies a reduction in aggregate loan
supply. They conclude that, because of the imperfect substitutability between bank
loans and bonds for banks and/or borrowers, there is an additional channel that

strengthens the influence of monetary policy on aggregate demand.

It is important to determine the different effects that movements in loan demand and
loan supply exert on the quantity of bank loans.”* By doing this, we can find evidence
for the operation of the bank lending channel. In any case, the different effects exerted
on aggregate demand, from variations in loan supply and loan demand, are not fully
clarified in the literature. There are different methodological approaches to solve the
identification problem. Specifically, Brissimis and Magginas (2005) use aggregate
time-series data in order to test the potency of the bank lending channel, by
examining, whether changes in financial markets affect asset substitutability. This is
the only study that directly assesses the Bernanke and Blinder model. They use
multivariate cointegration techniques in order to test a number of restrictions that are
necessary for the existence of perfect asset substitutability. They observe that, as the
modern financial system tends, more and more, to a market-based structure, the role
of the bank lending channel, regarding the transmission of monetary policy, is
weakened. They conclude that the bank lending channel is inoperative in the U.S.
during the '80s and '90s.

Furthermore, Brissimis and Delis (2009) use panel data, assuming that there is
perfect competition in the banking system and that the loan interest rate is constant
across banks for a given time period. This approach allows the direct assessment of
the loan supply function. They establish the existence of the transmission channel of
monetary policy through banks, but, only in countries, whose banking system is not
very much liberalized, and, constitutes their main source of funding. The operation of
the bank lending channel is strongly rejected in the U.S. for the period from 1994 to
2007.

" Bernanke and Blinder (1988) show that the bank lending channel is not active when the elasticity of
loan supply, in relation to the interest rates, tends to infinity, or when the loan demand is perfectly
elastic, with respect to the interest rates, and the demand for output is not affected by changes in the
interest rate spread.

™ We are able to identify shifts in loan supply, and shifts in loan demand, as bank loans and bonds are
not perfect substitutes.
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A significant number of studies pursued to test for the operation of the bank lending
channel by examining timing relationships between quantity or price variables and
monetary policy variables.”” Kashyap, Stein and Wilcox (1993), use the issuance of
commercial paper, as a proxy for loan demand, in order to distinguish loan demand
from loan supply effects and verify the operation of the bank lending channel. They
examine the ratio of bank debt to commercial paper debt by employing aggregate
data. They conclude that a tightening of monetary policy increases commercial paper
issuance, while the supply of bank loans decreases, which indicates the operation of
the bank lending channel. Only if the interest rate channel functions, the proportion

between bank loans and commercial paper would remain constant.”

According to Brissimis and Magginas (2005), these studies capture only the short-
run relationships between the series and thus are not able to provide reliable results
concerning shifts in loan supply which is a necessary condition for the existence of
the bank lending channel. Due to loan commitments banks do not react immediately
after a monetary shock. So short-run responses could not be informative and verify
the operation of the bank lending channel, through shifts in loan supply.

In confronting this issue, many studies use disaggregated cross-sectional data in
order to face the identification problem and confirm the operation of the bank lending
channel. The basic approach is the estimation of reduced-form bank loan equations,
by using bank-level data, in which different specific bank characteristics such as size,
age and liquidity, capitalization, etc., are analyzed. This is followed in order to
capture banks' loan supply responses to a monetary impulse. If these characteristics
are significant, this is an indication of the existence of the bank lending channel.™ In

the following we present some interesting results of a number of different studies.

"2 After the inception of the crisis, studies concerning the effects of monetary transmission channels on
aggregate economic activity are few. The majority of the researches examine the effects of monetary
shifts on specific financial indicators, such as interest rates (see e.g. Krishnamurthy and Vissing-
Jorgensen, 2011).

" In a similar approach, Black and Rosen (2007), by using loan level data, they contend that it is not
necessary that differences in bank loan supply between large and small firms should exist for the
operation of the bank lending channel, while they accept that banks restrict their loan supply at an
aggregate level after a monetary tightening.

™ \We have to note at this point that the main hypothesis of this approach is that bank characteristics do
not affect loan demand, but loan supply only.
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Kashyap and Stein (2000) find that American smaller-sized banks, and those who
hold less liquid assets, are forced to restrict lending during periods of monetary
tightening, as raising external financing becomes more difficult. Nevertheless, they
conclude that the operation of the bank lending channel refers to that part of the
banking system that is responsible only for a small share of total bank lending in the
U.S.. Kishan and Opiela (2000) find in their study that American banks with higher
capitalization, and therefore less leverage, respond more effectively in safeguarding
their ability to supply loans in case monetary policy makes financing harder.

Campello (2002) shows that small-sized banks can respond to a change in monetary
policy, without reducing their debt, as long as they are part of a large banking network
that can provide them with additional funding through internal capital markets.
Cetorelli and Goldberg (2012) show that the lending channel works for large-sized
American banks which are restricted to domestic operations without international
perspectives. Unlike, the large banks that have expanded their activities worldwide
and have the ability to absorb monetary policy changes rely on domestic capital
markets and their foreign subsidiaries. Finally, they note that the bank lending channel
in the U.S. becomes weaker to an even greater extent, as the banking system is
globalized. Ashcraft (2006) shows that the existence of internal capital markets in
bank holding companies limits the negative effects of a reduction in the available
bank credit caused by a monetary contraction. This in turn limits the operation of the

bank lending channel.

Gambacorta and Marques-lbanez (2011), by utilizing bank level data for the period
from 07/2007 to 12/2009, find that changes in banking models and market sources of
funding (e.g. securitization) differentiate the mechanism of transmission of monetary
policy in both Europe and the U.S., while they also provide evidence that the bank
lending channel was strengthened. In particular, banks with a weaker capital base, a
greater reliance on market financing and non-interest bearing income sources, reduced
the supply of loans to a greater extent during the period under review. Thus,
Gambacorta and Marques-lbanez (2011) assert that non-financial corporations that
have access to corporate bond market and derive significant amounts of funding, can

overcome the bank credit constraints.”

™ This fact questions the main assumption of Bernanke and Blinder (1988) model for imperfect
substitutability between loans and bonds, especially for large borrowers, as a necessary condition for
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The empirical literature yields mixed results concerning the operation of the bank
lending channel in the Euro area. Favero et al. (1999) show that the bank lending
channel did not work in France, Spain, Germany and Italy in 1992, when monetary
conditions were tightened. In their study, Ehrmann et al. (2003) try to discriminate the
effect of loan supply from the corresponding effect of loan demand on aggregate
lending, following a monetary policy change, by using reduced-form equations. They
assume that the response of loan demand is homogeneous among different banks.
Their main aim is to observe cross-sectional differences between banking institutions,
by examining specific characteristics, which influence their ability to offset a
contingent reduction of available deposits, after a monetary policy shock. They derive
the basic principles underlying the application of the reduced-form equation, from a
structural banking model, under the condition of imperfect competition. Ehrmann et
al. (2003) prove that liquidity is an important factor that affects loan supply functions
of banks in most European countries. Altunbas et al. (2002) show that banks' ability to
provide new loans is affected to a greater extent after a sudden change in monetary
policy when their capitalization is lower.

According to De Bondt (1999), a decline in bank securities, relative to credit in the
short run is a sign of functioning of the bank lending channel. The factors that limit
the operation of the lending channel are monetary policy conducted by individual
monetary authorities, and, the scope of banking activities. Specifically, monetary
authorities determine the minimum reserve base and the possibility of banks to use
funding sources -apart from deposits- in order to finance new loans. Also, banks with
international orientation have better access to foreign funds, than global credit
markets or affiliated banks. Haas and Van Lelyveld (2003) argue that in most cases,
foreign banks, that are part of a large international banking organization, cope better
with potential tightening of monetary policy in times of crisis since they enjoy the

support of their parent organizations.

Altunbas et al. (2007) find that the channel in the European area operates through
bank credit risk. In particular, they find that specific bank characteristics (size,
liquidity, capitalization, etc.), in conjunction with the bank risk conditions, should be

taken into account jointly, in order to assess the ability and the willingness of banks to

the operation of the bank lending channel and it constitutes a strong sign for the non-existence of the
bank lending channel.
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provide new loans. They conclude that banks with lower expected default frequency
and thus lower credit risk levels respond better to changes in monetary policy by
maintaining or increasing the credit supply. In another study of the European banking
system, Altunbas et al. (2009) examine the impact of securitization on the
effectiveness of the bank lending channel and the ability of banks to grant new loans.
They conclude that the use of securitization deters any potential reductions in the
provision of new bank loans after changes in monetary policy. However, during the
crisis, where financial pressure is more pronounced, the role of securitization may be

reversed.

Moreover, Havro and Vale (2011) in their study provide evidence for the operation
of the lending channel in the Norwegian banking system. Bank credit supply is
limited by an increase in the interest rate, while those banks with higher capitalization
and more liquid portfolios respond better to the interest rate changes. Alper et al.
(2012), utilizing data from Turkish banking institutions, find that monetary policy has
brought about changes in both the liquidity of individual banks and the systemic
liquidity in the banking system, thus, affecting the supply of new credit from the
banking sector. In a different approach, Brissimis et al. (2014) use bank market
power, in order to test the operation of the bank lending and risk-taking channels over
the period 1997 to 2010 for US and Euro area banks. They show that in the period that
follows the global financial crisis, under the new conditions that prevailed, the
potency of the bank lending channel was strengthened. This was because higher levels
of market power were required, in order to shield bank loans and credit risk from

monetary variations.

However, according to Brissimis, Kamperoglou and Simigiannis (2001), the
reduced-form equation approach does not allow the identification of the basic
parameters of the Bernanke-Blinder (1988) structural model, which are necessary for
the operation of the bank lending channel, whereas there could be measurement biases
because the explanatory variables have only a time dimension. Furthermore, it is not
possible to derive potential equilibrium relationships, because variables are in first-
differences. For the above reasons, they use an alternative more structural approach’

and directly estimate the loan supply function, by using panel data.

® The same methodological framework is followed by Farinha and Robalo Marques (2003), who
examine the operation of the bank lending channel for Portuguese banks.
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As mentioned above, the distinction between shifts in loan demand and shifts in
loan supply is a subject that has been extensively analyzed in the literature.
Consequently, in order to determine whether the bank lending channel operates or not,
we should consider whether the monetary policy has the power to influence the
supply of bank loans. Thus, it is crucial to emphasize that for the operation of the
bank lending channel, the necessary condition is the imperfect substitution between
bonds and loans, not only for banks, but, also for borrowers. In this case, a monetary
tightening that restricts bank deposits and as a result bank loan supply has significant
effects on aggregate demand, beyond the effects of the conventional interest rate

channel.

3.3. The theoretical framework
3.3.1. The model

This section develops the theoretical framework, which is based on the Bernanke
and Blinder (1988) model, extended to incorporate imperfect substitution between
internal and external finance of firms, and thus allowing to put to a structural test both

the bank lending and balance sheet channels of monetary policy transmission.

Two essential features of the proposed framework are distinguished. Firstly,
because of the existence of informational imperfections, different types of finance for
firms are imperfect substitutes. The bank lending channel assumes imperfect
substitution between loans and bonds, both of which are types of external finance.
The balance sheet channel, on the other hand, assumes imperfect substitution between
internal and external finance. With a changing financial structure, firms are facing a
cost differential when raising finance from different sources. Secondly, the cost of
capital influencing investment decisions is a weighted average of the cost of
individual types of finance and this in turn implies the interdependence between

changes in financial structure and investment demand (and thus output demand).

Our model is assumed to be linear for analytical convenience and contains the basic
components of the financial structure by specifying demand equations for these
components and also a supply equation for bank loans, which is an item of the firms'
external finance. Table 3.1 and Figure 3.1 below presenting the structure of total

liabilities in the firms' balance sheets and the cost of the main components, help us in
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making a number of simplifying assumptions that allow to obtain analytical results: (i)
The "other liabilities” item of external finance (see Table 3.1), including inter alia
trade accounts and all other liabilities, both current (e.g. excise and sales taxes) and
non-current (e.g. deferred income taxes), are excluded; these represent about one third
of total liabilities and are not likely to be influenced by (real) rates of return. (ii)
Equity finance is also not considered as firms tend to maintain an inflexible level of
dividends per share,”” an empirical regularity pointed out in the seminal work by
Lintner (1956), which still has continuing validity.

Table 3.1: Sources of finance (end-year figures, percent of total)

Type of finance 1994 1995 2000 2005 2010 2015  2017°

Internal finance

Retained Earnings (R) 22.1 22.7 23.3 248 283 296 28.0

External finance

Loans (L) 93 95 9.8 6.6 6.3 6.7 6.8
Bonds (B) 164 160 150 141 170 211 21.7
Equity (E) 139 139 1655 175 16.0 105 11.9
Other Liabilities (0) 383 379 363 370 325 321 315
Total (bn USD) 4036 4381 6058 7744 10068 13128 14199

Notes: R: retained earnings (stock); L: bank loans; B: bonds; E: stockholders’ equity; O:
other liabilities.

The figures refer to 2017:Q2.

Source: QFR database and author's calculations.

" This corresponds to the (real) cost of equity capital at the aggregate/macro level.
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Figure 3.1: Real cost of corporate finance (in percent)

1995 2000 2005 2010 2015
| i P (DIV/CAP)* ¢ |

Notes: i: bond rate (10-year Government Benchmark bond yield); p: bank lending rate (bank
prime loan rate); ¢: cost of retained earnings; DIV: dividends; CAP: capitalization.

" The cost of equity is defined as the ratio of total dividends to total capitalization.

Source: FRED and QFR databases and author's calculations.

Figure 3.1, presenting the real cost of the different forms of corporate finance,
shows that the cost of equity has historically, at least in our sample, been “sticky”
(remained essentially constant), in contrast to the cost of other types of finance which

fluctuated considerably.

In our model the role of bonds, as in Bernanke and Blinder (1988), is not considered
by appealing to Walras’s law. Also, as in the above study, we assume that the
expected inflation rate is constant, so we suppress it because a Keynesian-type model

takes both the price level and inflation as given.

The loan market in the model is specified as follows:

L =ay+a,y—a,(p—1i)—as;(p— @) a;,a,,az >0 (3.1)
LS = bo + le + bz(p - l) bl’ b2 > O (32)
Ld =I5 =1 (33)

where L, y and D are real loans, output and deposits, (p-i) is the spread between the
bank lending rate (p) and the bond rate (i), (p-¢) is the spread between the bank
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lending rate (p) and the rate of return on retained earnings (¢),”® while superscripts d
and s refer to loan demand and loan supply, respectively.” Loan demand is negatively
related to both interest rate spreads and positively to the output variable. The latter is
the scale variable in Eq. (3.1), while the deposit variable has the same role in Eqg.
(3.2). Variations in the interest rate spread (p-i) and deposits affect loan supply
positively. The inclusion of the spreads in Egs. (3.1) and (3.2) is based on the premise
that borrowers' financing decisions and bank portfolio decisions are characterized by
rate of return homogeneity. In this case, an equal increase in the financing costs for all
forms of borrowing, will not affect the structure of the firms' liabilities, while banks'
loan supply policy depends on the relative return on loans. Moreover, the inclusion of
the interest rate spread in both equations implies that loans and bonds are imperfect
substitutes in bank portfolios or as sources of external finance for borrowers. Eq. (3.3)

is the equilibrium condition for the loan market.
The demand for retained earnings equation is specified as:®
R=co+cy—c(p—0+cs(p—o) €1,62,63>0 (3.4)

where R is the stock of retained earnings. It incorporates the notion that retained
earnings are characterized by imperfect substitutability with the two types of external

finance considered here.
The money market can be expressed as follows:
D = do + dly - dz [ dl' d2 > 0 (35)

where D is demand for deposits, which is positively related to income and negatively

to the bond rate.®

Assuming that output is demand determined, the output market is specified by the

following equation:®

"® The rate of return on retained earnings (o) is specified in Essay 2.

" Rates of return are real rates.

8 Eq. (3.4) arises from the following reformulation of the initial specification: R = m, + m,y +
my(p—¢) + mz(i—¢) =mg +myy + my(p— @) + m3(i—@ +p—p) =mg +myy + (m, +
m3)(p — @) —m3(p — ).

8 We assume that total wealth is constant while the rate of return on deposits is exogenously fixed and
normalized to zero.

8 Eq. (3.6) is the result from the following reformulation: y = wy — wyi — Wy p — W3 ¢ = Wy — wyi —
wy(p—i+tiD)—wzo=wy—wii—wy(p—1i) —wyi—wz0=wy—(w; +wp)i—w,(p—1i)—
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y=ey—eji—e(p—i)tes(p—o) ey, e;,e3>0 (3.6)

Aggregate demand is negatively related to the bond rate and the spread between the
loan and bond rates and positively to the spread between the loan rate and the rate of
return on retained earnings. Eq. (3.6) is a modified IS curve when there is imperfect
substitution between loans, bonds and retained earnings for borrowers.

Two conditions must be met for a bank lending channel to exist. First, borrowers are
not able to fully insulate their real spending from a decline in the availability of bank
loans, i.e. loans are imperfect substitutes for other sources of external finance.
Second, there are no perfect substitutes for loans in bank portfolios. Respectively, a
necessary condition for the operation of the balance sheet channel is the existence of

imperfect substitution between borrowers' internal and external finance.

Imperfect substitution implies that the derivatives of loan demand and loan supply
with respect to the spreads (coefficients a,, az and by) and the corresponding
derivatives of the demand for retained earnings (coefficients c, and c3) are finite and
moreover that output demand responds to the spreads (e, es >0), as well as to the
interest rate. When, on the other hand, loan supply is perfectly elastic with respect to
the spread (p-i) (i.e. b,—) and hence (p-i)=0 (i.e. a;=c,=€e,=0), loans and bonds will
be perfect substitutes for either borrowers or banks. In this case, the bank lending
channel does not operate, the loan supply function, due to the existence of perfect
substitution, cannot be defined separately for banking institutions and the (p-i) spread
is zero and therefore is not a determining factor in the demand equations for loans,

retained earnings and output.

Also, when the demand for retained earnings is perfectly elastic with respect to the
spread (p-¢) (i.e. cz—) and hence (p-9)=0 (i.e. azg=e3=0), retained earnings will be
perfect substitutes for both loans and bonds for borrowers. In this case, the balance

sheet channel does not operate.

When the values of the critical parameters of the system of structural equations (i.e.
ay, a3, by, Cy, C3, €2, €3) are not subject to the restrictions specified above, this implies

that there is imperfect substitutability between bonds and loans and also between

Wy =wo—(Wy+wy)i—wy(p—D—wz(p+i—D=wo—(wy+w, +wz)i—w,(p—1)—
wi(@—iD)=wo—(wy+w, +w3)i—w(p—i)—ws(@—i+p—p)=wy— (W +w, +
w3)i—wy(p—1D)—w3((p—D —(p—9)) =wp— (Wy + Wy +w3)i—(w, +w)(p—1)+
w3 (p = 9).
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internal and external sources of finance, and the bank lending and balance sheet

channels are both operational.

The system of Egs. (3.1) to (3.6) can be reduced to a set of three equations that can
be used as a basis for assessing the potency of both the bank lending and balance
sheet channels. The first of these equations represents an inverted loan supply
function, the second is an inverted demand function for retained earnings and the last
combines the loan demand function with the equilibrium conditions in the money and

output markets.

Bank loans are an important source of funding for firms. Monetary policy variations
could have significant effects on financing decisions of firms and investment, through
changes in loan supply, especially for borrowers with significant dependence on bank
loans. Thus, identification of the loan supply function would enable an assessment of
the importance of the lending channel. We express Eq. (3.2) in an equivalent way, as

an inverted loan supply function:
p — i = —bo/b; — (b1/bz)D + (1/b;)L 3.7)

Based on Eq. (3.7), we are able to directly identify the structural parameters of the
loan supply function by testing the restriction that b,—oo. If b,—o0, loan supply would
be perfectly elastic with respect to the interest rate spread. In this case, as already
noted, the loan supply function is not defined, the two rates on loans and bonds are

equal, p=i, and the bank lending channel will be non-operational.

Eq. (3.4) can be solved for (p-¢) as a function of L, R and (p-i):
p—@=—cofc3—(c1/c3)y + (1/c3)R + (cz/c3)(p — i) (3.8)
Under conditions of perfect substitutability between the two sources of external
finance, i.e. loans and bonds, the bank lending channel does not operate and the
spread (p-i) drops from the equation (i.e. c,=0). Perfect substitutability, on the other

hand, between loans and retained earnings (i.e. cz—) implies that the spread (p-o) is
zero and this time the balance sheet channel does not operate.

Finally, we solve Eq. (3.1) for the spread (p-9):
p— @ =ag/as+ (a;/az)y — (1/az)L — (az/asz)(p — i) (3.9)

and Eq. (3.5) for the bond rate:
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i=dy/d, +(dy/dy)y—(1/d;)D (3.10)
Substitution of Egs. (3.9) and (3.10) into Eqg. (3.6) yields the following equation:
y = [(eqg — ey do/dy + e3ag/as) + (e1/d)D — (e3/az)L — e, (p — i)
—(ezay/a3)(p —1)]/(1 + e dy/d, — e3a,/a3) (3.11)

According to this specification, when there is perfect substitutability between
internal and external finance for borrowers (i.e. as—o, ¢3=0) the loan variable drops
from Eqg. (3.11) and the balance sheet channel will not work, while when loans and
bonds are perfect substitutes for borrowers (i.e. a;=0, e,=0), the spread (p-i) drops

from the equation and the irrelevance of the bank lending channel is established.

Through the system of the three Egs. (3.7), (3.8) and (3.11), our aim is to examine
the operation of the bank lending and balance sheet channels following a monetary
policy shock. To recapitulate, Eq. (3.7) captures the structural parameters of the loan
supply function under conditions of equilibrium in the loan market, Eq. (3.8) captures
the parameters of the demand function for retained earnings when there is equilibrium
in the market for retained earnings and the last quasi-reduced form Eq. (3.11)

describes equilibrium in the loan, output and money markets (demand side).
3.3.2. The amplifying effect of monetary policy

Both the bank lending and the balance sheet monetary transmission channels have
been shown to amplify monetary policy shocks to the economy. The bank lending
channel, whose existence is based on credit market imperfections caused inter alia by
asymmetric information, makes monetary policy more expansionary than in the IS-
LM model (Bernanke and Blinder, 1988). In the context of the model proposed by
Bernanke and Blinder for analyzing the bank lending channel, the loan market plays a
central role in amplifying monetary impulses, which can influence aggregate demand,
not only through interest rates as in the traditional interest rate channel, but also
through its impact on the supply of bank loans, assuming that these loans are
imperfect substitutes with debt securities (bonds) for borrowers and banks. Thus,
when monetary policy is tightened, the bank loan supply schedule shifts up and to the
left, which complements the interest-rate induced effect on aggregate demand.

Whilst the bank lending channel analyzes the impact of monetary policy shocks on

the supply of loans by depository institutions, the balance sheet channel focuses on
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the potential impact of shocks on firms' balance sheets and their ability to borrow.
Thus, a monetary shock that causes a rise in interest rates worsens borrowers'
financial conditions and increases the wedge between the cost of external and internal
finance, which reduces firms' loan demand. This mechanism (balance sheet channel)

reinforces the initial effects on aggregate economic activity.

Although the bank lending and the balance sheet channels are theoretically
different, they both incorporate a key fundamental, the financial accelerator. The
financial accelerator hypothesis states that information costs that arise from
imperfect/asymmetric information between borrowers and lenders alter the costs of
firms' financing that have significant consequences on output, amplifying the effect of
monetary policy. Output responses become amplified by the operation of the bank
lending and the balance sheet channels. Below we show this by using the model
consisting of Egs. (3.7), (3.8) and (3.11). An important result is that the amplification
is much stronger if both channels are in operation compared to the case where only

one plays a role in monetary transmission.

In particular, in case where the bank lending and the balance sheet channels are
operational, the above system of equations may be written in matrix notation as
follows: AX=BZ, where:

1 0 0
A= < —Cy/c3 1 c1/c3 )
6’2 +33a2/a3 0 1+81d1/d2 _e3a1/a3

—by/b, 1/b, 0 —by/b,
B = _Co/C3 0 1/C3 0
eo — ey do/dy + ezap/as; —ezfaz; 0 e1/d,
. Con
p—i L
X=\p—o 7= R
Y D

In this case the effect of monetary policy on output is given by the derivative
(dY/dD), which is the element in the third row and fourth column of the matrix A™B.
This effect is shown in Table 3.2, line 1.

If only the balance sheet channel is operational, the A and B matrices become:
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1 0 0
A=<O 1 Cl/C3 >
0 0 1+ed;/d, —e3a,/a3

0 0 0 0
B= ( —Co/C3 0 1/c3 0 )
eo— e do/dy +esap/as; —ez/as 0 e/d,

and the effect of monetary policy on output, shown in Table 3.2, line 2, is now smaller
since the amplification mechanism is constrained from the non-operation of the bank
lending channel.

Finally, if neither the balance sheet channel nor the bank lending channel are

operational, the A and B matrices become:

1 0 0 0 0 0 0
A= <O 1 0 ) B= ( 0 0 0 0 )
0 0 1+edy/d; ep—e do/d, 0 0 e/d,

and the effect of monetary policy on output is limited further, as shown in Table 3.2,
line 3, and this indicates that we have no amplification effects at all when there is not

any component of the credit channel at work.

Table 3.2: The amplifying effect of monetary policy through the operation of
monetary transmission channels

Channels in Effect of expansionary monetary policy
operation on output (dY/dD)

Interest rate, bank
’ + + d,(b,/b
lending and balance 41 = Gtz + e3a2/a3)ds (b1 /)
sheet channels dy + e1dy — (e3a1dz)/as

Interest rate and €1

A2 = < Al
balance sheet channels d, + e;d; — (eza;d;) /a3
| hannel AB=—2 <2
nterest rate channe =4, +ed,

Source: Author's calculations
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3.4. The recent financial crisis period: some stylized facts

The liberalization of financial markets, the stronger relationship between banking
institutions and financial markets and the deregulation of the US mortgage markets in
the 1980s, among others, reinforced the effects of asset price variations on the real
economy. In addition, financial innovations (e.g. advancements in information
technology which allow access to credit markets for institutions that were excluded)
in conjunction with the role of institutional investors in the last decade have weakened
the potency of the credit channel. In this section, we present some stylized facts for
the operation of the monetary transmission channels, especially after the global
financial crisis, before we proceed to the analysis of the empirical results in the next
section. The recent subprime mortgage crisis that began in the U.S. in 2007 and
evolved into a global financial crisis after 2008, brought out the significant
relationship between capital market imperfections and investment that can be
analyzed in the context of the operation of the credit channel. Capital market
imperfections contribute to the reinforcement and propagation of monetary shocks to

the real economy.

During a crisis period, adverse effects are expected to get strengthened through the
operation of the credit channel. Lower bank liquidity restricts the banks' ability to
provide new loans, while banking institutions tighten their credit standards. This can
provoke a decrease in real investment, spending and production. Also, a shock can
cause a reduction in borrowers’ net worth. This happens due to the decrease in the
value of their assets that can be used as collateral, which amplifies the negative effects
on aggregate economic activity. These effects are reinforced due to greater
information asymmetries between borrowers and lenders that prevail during the crisis

period.

The recent global financial crisis had as adverse consequences a great amount of
non-performing loans for the banking institutions and a decrease in the available
credit for banks and borrowers. During the crisis period, according to Gertler and
Kiyotaki (2010), there was “a significant disruption of financial intermediation”.®
The monetary authorities have proceeded in implementing a series of unconventional

monetary policy measures, which had not been used so extensively in the past, aiming

% See also Brunnermeier (2009).
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to the reinforcement of credit markets by improving the credit constraints that
financial and non-financial borrowers were facing.®* In this direction, in the U.S., the

FED adopted a series of actions, which were not aimed at the short-term interest rates.

The Federal Open Market Committee (FOMC), in the period after the collapse of
Lehman Brothers (September, 2008) proceeded to a series of credit policy measures
aiming to reinforce liquidity in response to the financial crisis. In particular, the FED
increased direct lending in financial and non-financial markets (e.g. markets in
commercial paper and mortgage-backed securities) and imperfectly secured lending
(e.g. purchases of agency debt) to bank and non-bank financial institutions, which
were able to borrow at a discount by providing private debt as guarantees.® Also, it

lowered the target for the Federal funds rate to its effective lower bound.

Based on these actions, the FED accomplished to increase the prices of securities,
reduce their yields® and improve investors’ balance sheet conditions. Thus, through
the operation of the balance sheet channel, the FED aimed to reverse the disastrous
crisis effects. However, the FED took a part of private credit risk. As a result, the
credit default swaps spreads of banking institutions and of the above markets fell
substantially after the FED’s capital injections. Moreover, the huge amount of capital
contributed to a historical decrease in interest rates. As can be shown in Figure 3.2,
the monetary authorities reduced the Federal funds rate that reached the zero lower
bound,®” where it remained until late 2015.%

¥ The introduction of quantitative easing was crucial during the turbulent period. Many researchers
provide evidence for the effectiveness of the unconventional policy measures that were taken so as to
mitigate the disastrous effects of the recent financial crisis in the U.S. (see Baumeister and Benati,
2013; Chen et al., 2016).

8 Moreover, in September 2011, the FED announced the Maturity Extension Program (MEP),
which involved the purchase of $400 billion of long-term Treasury securities (and the sale of an
equal amount of short-term Treasury securities), aimed to increase their price and decrease the
long-term interest rates. This process was expected to have a positive influence for borrowers
without increasing the balance sheet of the Central Bank. In June 2012, the program was expanded to
an additional $267 billion.

8 See Hamilton and Wu (2012) for further details.

8 This caused a limitation in the use of the basic instrument for the conduct of monetary policy (see
Becker and Ivashina, 2014).

% In the same direction, the US banks prime loan rate was also reduced significantly and there were
periods during which it turned into negative values.
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Figure 3.2: The effective federal funds rate (in percent)
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The FED magnified its balance sheet through quantitative easing and the various
programs (especially through the purchase of securities) aiming to reinforce liquidity
after the inception of the crisis. The FED balance sheet increased from 6 percent to
almost 30 percent of GDP in the mid of 2014. Due to this increase, there was a large
expansion of the monetary base. Figure 3.3 shows the evolution of the monetary base
during the sample period and its expansion to exceptional levels after September
2008.

Figure 3.3: US monetary base (in billions of USD)
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Source: Federal Reserve Economic Data

Furthermore, there was significant support to the financial institutions by the US

government at the end of 2008, through equity injections, debt guarantees and new
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loans, so as to secure their operation, deter potential bankruptcies and reinforce the
financial system. This support was necessary because the cost of market funding had
skyrocketed during the crisis period, provoking liquidity restrictions in the banking
industry. The Troubled Asset Relief Program (TARP) or the Term Auction Facility
(TAF), among others, contributed to the stability of the banking system -by improving
market liquidity- and to the enhancement of economic activity. The fiscal authorities
also undertook a part of the private sector credit risk due to the unconventional
measures, such as direct lending in credit markets. In conclusion, the monetary policy
liquidity facilities to the US banking industry were designed to succeed through the
operation of financial markets, with the banking industry having no leading role in

this process.

In particular, the TARP provided the ability to the US government to purchase
“troubled” assets and equity from US financial institutions, aiming to mitigate the
consequences of the subprime mortgage crisis of 2007. A prerequisite for this, was the
restoration of trust to the banking system. The total amount of funding was $441.7
billion. The Treasury Department’s Capital Purchase Program (CPP) and the Federal
Deposit Insurance Corporation’s Temporary Liquidity Guarantee Program (TLGP)
were the main axes of the TARP. Through the CPP, the Department of the Treasury
could purchase up to $250 billion of bank senior preferred stock and equity warrants,
in order to enhance the liquidity in the US economy through banking institutions. The
TLGP improved liquidity in the interbank lending market. Its aim was to restrict the
cost of funding of the banking institutions so that the bank lending process would
continue normally for consumers and businesses, and to improve banks’ confidence
and liquidity by providing the necessary guarantees for newly issued senior unsecured
debt.*

The implementation of these assistance programs aimed to support bank balance
sheets, avoid potential bankruptcies, and prevent possible contagion effects, in order
to reverse the unfavorable economic conditions that prevailed after the US subprime
crisis. Moreover, the improvement of liquidity in the real economy by enhancing
borrowers' financial conditions and by restricting the increase of the cost of external
finance was necessary in order to overpass the negative impact of the crisis. In

conclusion, the main purpose of these measures was to prevent the propagation and

8 Federal Deposit Insurance Corporation Press Release, 21st of November, 2008.
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intensification of the crisis effects through the operation of the bank lending and
balance sheet monetary transmission channels, and so to contribute to the subsequent

recovery of aggregate economic activity.

Following the outbreak of the global financial crisis in 2008, many researchers have
sought to examine the operation of the bank lending channel, taking into account new
data originating in international financial markets. Nevertheless, there is no consensus
in the empirical literature about the effectiveness of this channel in the U.S. during
and after the crisis period.”® There are studies that provide evidence for the existence
of the bank lending channel during the recent crisis period (see e.g. Gambacorta and
Marques-lbanez, 2011). These studies are mainly utilizing bank specific
characteristics and not data in aggregate form, in order to study the operation of the
channel. Also, the robustness of their results is controversial due to the fact that they
do not examine pre-crisis and post-crisis periods separately. However, the majority of
the studies in this field of research show that the potency of the bank lending channel

has diminished in the last decades (see e.g. Altunbas et al, 2009).

During the last two decades, there was substantial financial deregulation in the
banking system. The strong competition between banking institutions led them to
resort to alternative and riskier sources of finance, by expanding their activities to the
provision of new financial products. Banks were selling their loans in secondary
financial markets in order to reduce their credit risk. The extension of financial
instruments such as the growth of securitization, the remarkable development of
stock, covered bond and credit default swaps markets, among other financial markets,
provided alternative market-based financing sources for the banking system, increased
its dependence on financial market conditions and contributed to the reduction of
credit supply effects after a monetary policy change. Banks are now more
independent from the central bank. Thus, interdependence between banks and
financial markets strengthened significantly in the last years, with unpredictable

consequences during periods of financial distress.

% The results diverge based on bank balance sheet characteristics that are used in order to examine the
existence of the bank lending channel. A number of studies show that the bank lending channel in the
U.S. is operative only for small firms which are not able to resort to alternative non-deposit sources of
funding, such as asset-backed securities, certificates of deposits and/or covered bonds.
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US home mortgage markets were the first form of securitization that was developed in
the 1970s.%" Afterwards, various assets in credit markets were securitized, especially
in the second half of the 1990s, with significant effects on monetary policy tools. In
the 2000s, there was a strong movement from bank borrowing to securities. The
degree of asset substitutability has strengthened substantially in financial markets.
Thus, securitization allowed illiquid financial assets to enter financial markets after
their transformation into marketable securities. In particular, securitization provided
easier access to more liquid assets for banking institutions and contributed to the
increase in credit supply to the real economy. It also contributed to the development
of the shadow banking system, which substituted bank lending by lending from
securities markets and provided borrowers with credit from alternative non-bank
sources, which are more accessible than bank credit. Thus, the effectiveness of the

bank lending channel was restricted significantly.

According to Altunbas et al. (2007), the role of banks has changed from “originate
to hold” to “originate, repackage and sell”, due to the growth of securitization activity.
This change has also affected the effectiveness of the bank lending channel, by
restricting the basic bank role, which is liquidity transformation. The authors provided
evidence that securitization increased bank liquidity and did not allow banks to reduce
loan supply after a monetary tightening.*” In this respect, Trichet (2009) and Ciccareli
et al. (2015) argue that the non-operation of the bank lending channel is possibly
attributed to the restricted dependence on bank credit supply. Only 20 percent of
external financing is derived through bank loans (the corresponding percentage in the
Euro area is almost 70 percent). Additionally, the largest part of corporate equity is

traded in financial markets.

In this direction, Figure 3.4 presents total loans and leases by all commercial banks
in the U.S. in the period from 1994:Q1 to 2017:Q2. We observe that the series was
increasing steadily, with the exception of the last year of the financial crisis, where
loans receded slightly. This reduction in bank loans can be attributed to a decrease in

bank loan supply and/or in borrowers' loan demand, as borrowers need less lending or

°! |outskina and Strahan (2009) claim that the expansion of the mortgage secondary market fostered by
securitization in the U.S. has restricted the operation of the bank lending channel.

% Cohen-Cole et al. (2008) argue that total lending was not reduced after the onset of the crisis due to
existing loan commitments, lines of credit and securitization that enhanced bank balance sheet
conditions.
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use internal finance during a crisis period. Thus, there was no significant decline in
total loans during the recent recession period, which is a sign for the non-operation of

the bank lending channel.”

Figure 3.4: Loans and leases in bank credit: All commercial banks (in billions of USD)
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As described above, firms had easier access to credit through market-based financial
instruments during the last decades. Through securitization, borrowers were able to
substitute bank lending and derive credit through market financing when the credit
standards became stricter after a monetary tightening. Moreover, securitization had
limited the screening of borrowers by banking institutions, making credit available

more easily.

However, the weaker macroeconomic conditions that prevailed after the recent
financial crisis, and the significant intensification of information asymmetries in
financial markets, restricted borrowers’ net worth, while their default rates increased,
with adverse effects for bank and borrower balance sheets (Foglia et al. 2011).
Banking institutions wrote off a very large amount of “bad” loans after the inception
of the crisis, with direct negative effects for their balance sheets. These conditions
amplified the need for external financing due to the reduction of internal cash flows.
This in turn increased the cost of external finance -especially for borrowers who faced
greater financial constraints- and restricted their access to credit. Therefore, through
the balance sheet channel or the financial accelerator effect, the consumption and

% Chari et al. (2008) show that there was no reduction in bank credit to non-financial corporations and
individuals during the financial crisis in the U.S..
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investment decreased more intensely, magnifying the initial crisis effects on aggregate

economic activity.

Thus, firms in the U.S. became more dependent on external finance because access
to internal finance was more difficult due to the restriction of their net worth.
Simultaneously, the cost of borrowing increased when the balance sheets of the
borrowers were getting worse. This situation, where there is a heightened dependence
on external financing while the cost of external finance rises, describes the financial

accelerator mechanism.

Aysun and Hepp (2011) provide evidence for the operation of the balance sheet
channel. They point out that securitization reinforces the effectiveness of monetary
policy, through its effect on the balance sheet channel. In addition, Igan et al. (2017)
by using a Factor-Augmented Vector Autoregression model argue that the balance
sheet channel is a significant part of the monetary policy transmission mechanism in
the U.S. in the pre-crisis period (1990:Q1-2008:Q2). On the same line, Duchin et al.
(2010) provide evidence for a significant reduction in the amount of external finance
during the subprime mortgage crisis in the U.S., which substantially restricted
corporate investment, especially for non-financial firms that had low cash reserves or
high net short-term debt, were financially constrained, or operated in industries with
strong dependence on external finance. This constitutes evidence for the operation of
the balance sheet channel. Finally, Ciccareli et al. (2015), examining the period
1992:Q3-2013:Q1 for the U.S. show that the effect of a monetary policy shock on
GDP and prices is strengthened only through the balance sheet channel. They provide
evidence that the bank lending channel was not operational as regards business loans
during the sample period and that the balance sheet channel was the only transmission

mechanism, which amplified monetary policy shocks on real economic activity.

3.5. Empirical evidence

Based on the theoretical structural relationships developed in Section 3 (Egs. (3.1)
to (3.6)), we investigate empirically the operation of the bank lending and balance
sheet channels in the U.S., by using Johansen multivariate cointegration analysis.** In
particular, we identify the equilibrium relationships included in our model from a

% See among others Johansen and Juselius (1990); Johansen (1988, 1991).
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VEC model and test appropriate restrictions on estimated cointegrating vectors that

pertain to the existence of the bank lending and balance sheet channels.

The three-equation model derived above (Egs. (3.7), (3.8) and (3.11)) and used for
assessing theoretically the magnifying effect of monetary policy on real economic
activity when one or two monetary transmission channels are in operation, is not
suitable for empirically testing the existence of the two components of the credit
channel, since it is not possible to identify loan supply shifts in the model. It is
therefore necessary to reformulate it, in order to achieve exact identification of the
equilibrium parameters, in conformity with Pesaran and Shin's (2002) theory of
identification of an equilibrium structure in a VEC model. Thus, based on the system
of structural equations (Egs.(3.1) to (3.6)), we specify an alternative configuration of

equilibrium relationships that are amenable to estimation.

More specifically, we substitute Egs. (3.1) and (3.2) in Eqg. (3.3) and solve for the

spread (p-i), as follows:
p—i=fotfiv—f(p—¢)—f3D fifafs >0 (3.12)
where f, = (ag — bg)/(a; + by), fi = a1 /(ay + by), f, = az/(a; + by),
fz = b1/(az + by),
Solving Eq. (3.4) for the spread (p-¢), we obtain:
P=@0=Ggo— g1y +GR+g3(p—1)  g1.92,95>0 (3.13)
where gy = —co/C3,91 =C1/C3, 92 = 1/c3, 93 = c3/C3
Finally, substitution of Eq. (3.10) into Eq. (3.6) yields:
y=ho+hD—hy(p—i)+hs(p—¢) hy,hy,h3>0 (3.14)
where hy = (eg — e, do/dy) /(1 + e1d,/d))
hy = (e1/dy)/(1 + e1dy/d3)
h,=(e;)/(1 + e1d/d5)
hz=(e3)/(1 + eqdy/d3)

Therefore, the equilibrium relationships on which we focus on are Egs. (3.12),
(3.13) and (3.14). In case we identify empirically the existence of these three

equations, this implies the operation of the bank lending and balance sheet channels in
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addition to the interest rate channel. In case there are no information asymmetries in
the credit and the loan markets, the identification of a distinct loan demand function is
not possible because loans and bonds are perfect substitutes for borrowers and (p=i).
Similarly, loans and bonds are perfect substitutes in bank portfolios. Under these
conditions, only two equilibrium relationships can be identified, i.e. Egs. (3.13) and
(3.14):

pP—9=g0—9g.y+9g2'R 91,92’ >0 (3.15)

In this case, of the two components of the credit channel, only the balance sheet
channel is operating.®® If, in addition, there are no information asymmetries in the
firms' access to internal and external finance, loans and retained earnings are perfect
substitutes and (p=¢). As a result, there is a further reduction of the two-equation

system to one equation, which is:
y =hy"+hiD h," >0 (3.17)

As we mentioned in Section 3, perfect substitutability between loans and bonds for
banks and borrowers implies that the bank lending channel is not operational. In
addition, perfect substitutability between internal and external finance for borrowers
renders the balance sheet channel non-operational. Thus, the existence of
informational asymmetries is a necessary condition for the operation of both channels.
Otherwise, when the channels are not active, the identification of distinct loan demand
and supply functions is not possible, while output demand and the demand for

retained earnings are not responsive to changes in the spreads.

Thus, in what follows, we will pursue to disentangle shifts in loan supply from
shifts in loan demand and identify shifts in the demand for retained earnings in an
attempt to quantify empirically the two components of the credit channel. However,
internal and external sources of finance have experienced profound changes in the last
decades, especially after the financial crisis of 2008, which may have caused
significant changes in the transmission of monetary policy. Therefore, we will

examine how these changes have manifested themselves as changes in the underlying

% In case, however, loans and retained earnings are perfect substitutes (i.e. p=¢), the two equilibrium
relationships would be: p—i=f,'+ fi'v—f,'D and y =hy' +hy'D —h,’(p —i) and the bank
lending channel, rather than the balance sheet channel, would be operating. This hypothesis is
examined and rejected below by testing the appropriate over-identifying restrictions.
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equilibrium relationships (Egs. (3.13), (3.14) and (3.15)), which can take the form of

changes in the number of these relationships.

In order to specify the existence of cointegrating relationships among the variables,
we estimate an unrestricted vector autoregressive (VAR) model over the entire sample
period and over the subperiods, which are determined according to the recursive and
breakpoint stability tests. The general reduced form of a VAR (k,p) model with k

variables and p lags is:
Ve =0+ A1V + Aye o+ + Apye—p + Bxy + e

where y; = [y16 -, Vel 1S @ k X 1 vector of k endogenous non-stationary variables,
X = [x14 -, xg:]” IS @ (dx1) vector of exogenous and/or deterministic variables,
As,...Ap are kxk matrices of the coefficients of endogenous variables for i = 1,2,...,p,
p is the order of the VAR model, B is a kx(d+1) matrix of the coefficients of
exogenous variables, e; is a white noise kx1 vector of error terms and 6 is a kx1 vector

of intercepts.

Covariance stationarity and integration of order zero, 1(0), are necessary conditions
for estimating a VAR model in levels. If these conditions are not met, we should
perform some additional tests in order to choose the appropriate model specification.
When variables are non-stationary and integrated of order d, i.e. 1(d), we should test
the time series for the existence of long-run relationships (cointegrating relationships).
If the series are not cointegrated, we run a VAR model in differences. In case the time
series are cointegrated, we estimate a VEC model by using the Johansen (1991,1995)
maximum likelihood procedure, so as to specify the cointegrating relationships among
the variables. For this purpose, we re-parameterize the VAR model in a VEC form. A
VEC model is given by the following form:

p—1
Ay, = 8§ + My, + Z LAy, + Bx + e¢
i=1

where II = Z]P:lA]- — Iy, IT 1s a (kxk) matrix of parameters which capture the

adjustment to long-run equilibrium, I'i= — jp=i+1A]" I'i is the matrix of short-run
adjustment parameters, p is the order of the VEC model and A is the first-difference
operator. I'; , IT and B are assumed to be constant. Based on the test statistics of

Johansen and Juselius (1990) and Johansen (1995), we define the rank r of the matrix
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IT, which is the number of stationary linear relations of y;. The rank of the matrix IT
determines the appropriate model specification. In case where all the elements of y;
are stationary in levels, IT will be a full rank kxk matrix and a VAR model in levels is
estimated. When the elements of y; are I(1) and not cointegrated, IT will be a zero-
rank matrix and a VAR model in first differences is estimated. In case where the
elements are I(1) and cointegrated and the rank of IT is r, IT is a reduced rank matrix
(r<k) and there must be r cointegrating relationships among them. In this case, the
long-run matrix IT can be factorized as a product of two matrices o and B, such that
IT=af3", where a is the matrix of loading factors which capture the speed of adjustment
toward equilibrium and B is the matrix of r cointegrating vectors. By using the
Johansen cointegration technique, the orthogonalization of [ implies a unique
estimation of a and B, which satisfies the equation IT=of3".

Thus, this identification method sets a number of specific restrictions. Pesaran and
Shin (2002) criticize this approach claiming that there is no economic theoretical
background for its support. More specifically, they argue that, based on Johansen's
approach, the necessary r® just-identifying restrictions are imposed at the first r
eigenvectors. This happens for mathematical convenience and it is not possible to test
restrictions predicted by economic theory or other relevant a priori information.
Therefore, in order to be able to derive conclusions according to economic theory, it is
necessary to impose and examine a number of appropriate restrictions concerning the
parameters of the B matrix. The imposition of r? restrictions is a necessary and
sufficient condition for the exact identification of the cointegrating vectors (r
restrictions in each of the r cointegrating vectors), in agreement with specific
theoretical economic assumptions. By imposing linear over-identifying restrictions on
the elements of matrix B, according to the cointegration approach developed by
Pesaran and Shin (2002), we are in a position to test the validity of a series of
economically meaningful hypotheses, based on the theoretical restrictions developed
in Section 3. In this way, we will be able to examine the existence of the bank lending

and the balance sheet channels.

We investigate the operation of the bank lending and balance sheet channels in the
U.S. over the period from 1994:Q1 to 2017:Q2, by using aggregate data. In the
empirical analysis, we use quarterly observations. Bank loans (L), deposits (D) and

retained earnings (stock) (R) are end-of-quarter variables, deflated by the consumer
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price index. These variables and real GDP are expressed in logarithms®® and are

seasonally adjusted.

As for the interest rate/rate of return variables, these are real variables. The real
loan rate (p) and real bond rate (i) are calculated by subtracting the annual inflation
rate from their nominal values, and are expressed as quarterly averages. The inflation
rate is computed in terms of the consumer price index as the year-on-year percentage
change. The rate of return on retained earnings (¢) is calculated as the ratio of the
flow of retained earnings and depreciation to the stock of retained earnings, where for
this calculation primary data are used. The main sources of the data are the Federal
Reserve Economic Data (FRED) and Quarterly Financial Report (QFR)®"*® databases.
In the appendix, we cite the definitions and sources of all variables.

To start with, we estimate an unrestricted VAR model for the full sample period.
The specification of the lag length is based on the Schwarz Information Criterion
(SIC). The optimal lag length is equal to 2. We perform the standard diagnostic tests
for heteroskedasticity, normality and autocorrelation. Based on these results, we
choose the optimal lag to be equal to 6, so as to ensure statistical adequacy, which is
necessary to proceed to cointegration analysis and derive reliable estimations. Table
3.3 provides the descriptive statistics of the variables of our model. We observe that
skewness and kyrtosis are not near 0 and 3, respectively, which are the standard
values for a normal distribution. On the contrary, on the basis of the Jarque-Bera (JB)

test, the null hypothesis of a normal distribution cannot be rejected. The results in

% |_ogarithmic values are used due to large variations in some of the time series, which also allow us to
correct for potential heteroskedasticity problems (Forte and Pena, 2009).

" The QFR database includes quarterly data for all sizes of Manufacturing, Mining, Wholesale, Trade
and selected Service Industries. One of the advantages of the QFR data is that they include firms that
are publicly traded and firms that are not, while they are available at a quarterly frequency (Oliner and
Rudebusch, 1996). Thus, the database captures the behavior of small and large firms (Gertler and
Gilchrist, 1994; Bernanke et al., 1996) and permits quantitative estimations of the aggregate
implications of credit constraints. Moreover, aggregate time series are available also in disaggregated
form, according to firm size class and industry class.

% The sectoral classification for QFR data was changed in 2000:Q4. Up to 2000:Q3 the Standard
Industrial Classification (SIC) classification was used, while from 2000:Q4 onwards, the North
American Industry Classification System (NAICS) classification is followed. As a result of this change,
some sectors have been reclassified. In addition, the total across all sectors has been affected as some
sectors covered under the previous classification are no longer covered and vice-versa. To deal with the
resulting break in the series, these have been spliced, using the relationship of the series for the period
for which reporting under both classification schemes is available (2000:Q4-2001:Q2).
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Table 3.4 provide evidence that our series are normally distributed, except for the

GDP variable in the first subperiod.

Table 3.3: Descriptive statistics

Panel A: Descriptive statistics for the 1st period

Variable Obs Mean  Std. Dev. Min Max  Skewness Kyrtosis
p-i 60 0.017 0.012 -0.006 0.039 -0.250 1.832
p-0 60 -0.026 0.026 -0.079 0.064 0.418 4.088

y 60 12601 1651 9748 14991 -0.157 1.784
R 60 1749 404 1159 2558 0.782 2.495
L 60 1181 165 884 1589 0.417 2.619
D 60 5070 1093 3682 7355 0.411 1.926

Panel B: Descriptive statistics for the 2nd period

Variable Obs Mean Std. Dev. Min Max  Skewness  Kyrtosis
p-i 34 0.008 0.007 -0.004 0.019 -0.280 2.011
p-® 34 -0.029 0.023 -0.075 0.018 0.200 2.552
y 34 15632 828 14355 17031 0.102 1.754
R 34 3223 420 2375 3723 -0.715 2.141
L 34 1497 247 1183 1889 0.319 1.733
D 34 8895 1011 7488 10494 0.162 1.525
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Table 3.4: Jarque-Bera test results

Variable 1st period 2nd period
. 4.035 1.831
Pl (0.132) (0.400)
4.709 0.511
¢ (0.094) (0.774)
3.944 2.256
y (0.139) (0.323)
. 6.763 3.945
(0.033) (0.139)
L 2.107 2.849
(0.348) (0.240)
D 4576 3.227
(0.101) (0.199)

Note: The table presents the JB test statistics. Numbers in parenthesis are probabilities to
accept the null hypothesis at the 5% significance level.

As a preliminary step, we test the time series for stationarity applying the Phillips-
Perron (PP), and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) standard unit root
tests, over the entire sample period.”® Moreover, we examine the stationarity
properties of the series in levels applying a modified augmented Dickey-Fuller unit
root test, which allows the specification of the breakpoint endogenously from the
data.'® We test the null hypothesis that the series has a unit root with a possible

intercept break, versus the alternative that the series is stationary with a breakpoint.

The lag structure is specified based on the Schwarz criterion. We consider that a
time series has a unit root, when at least two of the above three tests show the
existence of a unit root at a 5% significance level. We find that all variables in levels
have a unit root. In this case, we calculate first-differences in order to achieve
stationarity and repeat the unit root tests. The first differences are stationary. We

conclude that our variables are integrated of order one, i.e. I(1).

% In testing for stationarity, the KPSS test is more reliable for small samples. The null hypothesis of
the KPSS test is that the series is stationary, in contrast to the PP unit root test where the null
hypothesis is that the series has a unit root.

190 perron (1989) has shown that this approach is more robust, in case where the variables are trend
stationary, while standard unit root test results are biased toward the non-rejection of the null
hypothesis when there is a structural break in the mean of a stationary time series.
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We then proceed to examine for cointegration, based on the Johansen maximum

eigenvalue test (1995),1°%1%

so as to estimate the number of cointegrating
relationships among the non-stationary time series in our sample. We find evidence

for two cointegrating relationships among the variables.

Before proceeding to estimation, we need to test for temporal instability which, if
existent, may bias seriously our estimates. The recent financial crisis could be a case
in point. Thus, we run a series of stability tests to identify potential structural
breakpoints. In particular, plots of the restricted cointegrating relationships after
imposing just-identifying restrictions (Figure 3.5) and the one-step forecast
(probability) and recursive residuals stability tests for the system as a whole (Figure
3.6) indicate abnormal variations in 2008:Q4. This could be a sign of a possible break.
This instability is also verified by the Bai-Perron breakpoint test, which determines
the structural breakpoints endogenously from the data.’®® The results show that there
was a structural change after the financial crisis of 2008 in the U.S., which represents
a shift in the underlying financial structure. Thus, we set the breakpoint in 2008:Q4'%
and split our sample, in order to ensure parameter constancy. Moreover, a dummy
variable is included in the VEC model in the first subperiod, in order to capture the

effects of abnormal variations in 2002:Q3.1% %

191 More specifically, we specify the number of cointegrating relationships according to the maximum
eigenvalue test results, at the 5% significance level. The maximum eigenvalue test is Ama= -T In (1-
Ars1), 1=0,1, ..., k-1. The H, hypothesis is r<r, for r;=0,1,...,k-1, where k is the number of variables. The
H; hypothesis assumes that there are ro+1 cointegrating vectors. We include a constant (intercept) in
each cointegrating equation, which reflects in a more plausible way the generating mechanism of the
data.

192 Liitkepohl et al. (2001), based on Monte Carlo simulations, compare the maximum eigenvalue and
the trace tests for the specification of the cointegrating rank of a VAR process. They provide evidence
that the trace test has superior power performance relative to the maximum eigenvalue test in some
situations. However, they show that the trace test tends to have more distorted size in small samples in
comparison with its competitor. Juselius (2006) also argues that size and power distortions could arise
with the application of the trace test when the sample is small. Since in our case the sample is relatively
small, we prefer the maximum eigenvalue test for the determination of the cointegrating rank.

193 The Bai-Perron test allows the error distribution to vary across breaks.
194 Our findings are also robust when we test for the potential breakpoint based on the Chow test.

105 \We examine the residuals of the initial VEC model, and if we find outliers greater than 3 standard
deviations, then we include a series of point dummy variables -as exogenous variables- to capture
specific abnormal events during the period under study. Our results are robust to a range of threshold
values between 2.5 and 3.5 standard deviations.
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Figure 3.5: Plots of the restricted cointegrating vectors
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1% We do not split the sample in 2002:Q3 because there is no structural change with permanent effects,
while the size of the sample is not sufficient to obtain reliable results. This breakpoint possibly captures
the US stock market downturn in September 2002.
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Figure 3.6: One-step probability and recursive residuals stability tests
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Once we have split our sample into two subperiods (1994:Q1-2008:Q4 and
2009:Q1-2017:Q2), we estimate VAR models in order to specify the optimal lag
length. The optimal length, specified according to the Schwarz criterion, is equal to 2
and 1, for the first and second subperiod, respectively. Diagnostic test results provide
evidence that there is no autocorrelation, the residuals are multivariate normal, while

there is no heteroskedasticity.

Once again, we run the aforementioned unit root tests but this time in each
subperiod. All the variables are also found to be 1(1). Results from the unit root tests
are presented in detail in Table 3.5. Stability test results, for each subperiod verify that
the cointegrating parameters are relatively constant. We perform the Johansen
cointegration test on the subsamples. We assume unrestricted intercepts and no trends
in the cointegration test and the VAR model. Johansen's maximum eigenvalue test
results are presented in Table 3.6, for both subperiods. The cointegration results
provide evidence for the existence of only two cointegrating vectors in both
subperiods. In this case, we have to examine that only one of the sub-channels of the
credit channel is operational in these subperiods, and works additionally to the

traditional interest rate channel.

For this purpose, we need to impose a number of over-identifying restrictions in the
cointegrating relationships, in order to test the operation of the monetary channels in
both subperiods, under conditions of imperfect substitutability between alternative
sources of external financing, or between sources of internal and external financing.
The restrictions which are imposed to identify the appropriate cointegrating vectors
rely on the economic assumptions defined above, in accordance with our theoretical
setup. We start by testing the operation of the balance sheet channel. By using the
likelihood ratio test of Johansen and Juselius (1994), we test the over-identifying
restrictions that lead to the system of equations (3.15) and (3.16) against the exactly-

identifying restrictions that underlie the system of equations (3.13) and (3.14).%%’

97 The standard likelihood ratio test of the over-identifying restrictions follows asymptotically a
x?(k-r) distribution, where k is the number of restrictions and r is the number of cointegrating
relationships.
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Table 3.5: Unit root test results

Panel A: Unit root test results in the 1st period

Variables Series in levels Series in first differences
Breakpoint KPSS PP Breakpoint KPSS PP
test test

p-i 0.364  0.094 0.181 0.683 0.095 0.000***

p-¢ 0.118  0.233 0.039** 0.146 0.187 0.000***
y 0.659 0.942*** 0.086** 0.972 0.579** 0.001***
R 0.893  0.843***  0.795 0.669 0.091 0.002***
L 0.861 0.399* 0.731 0.721 0.185 0.082*
D 0.990  0.956***  1.000 0.990 0.656** 0.000***

Panel B: Unit root test results in the 2nd period

Variables Series in levels Series in first differences
Breakpoint KPSS PP Breakpoint KPSS Pp
test test

p-i 0.000*** 0.542** 0.682 0.059* 0.131 0.003***
p-Q 0.000*** 0.271 0.008*** 0.000*** 0.367*  0.000***
y 0.000*** 0.680** 0.993 0.000*** 0.210 0.000***
R 0.016** 0.596** 0.196 0.000*** 0.443*  0.004***

L 0.000*** 0.549** 0.883 0.000*** 0.395* 0.142
D 0.000*** 0.665** 0.919 0.000*** 0.129 0.000***

Note: The table presents the results after applying the breakpoint (p-values), the PP (p-values) and the
KPSS (LM- statistics) unit root tests. Period 1 ranges from 1994:Q1 to 2008:Q4 and period 2 from
2009:Q1 to 2017:Q2. *, ** *** denote statistical significance at the 10%, 5%, and 1% level,
respectively.
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Table 3.6: Cointegration analysis

Panel A: Johansen cointegration test

Period 1994:Q1 - 2008:Q4 2009:Q1 - 2017:Q2
Number of cointegrating
a 2 2
vectors
Maximum eigenvalue 27.584 24.831
test (0.0538) (0.1082)
Panel B: Coefficients on cointegrating vector variables®
Period 1994:Q1 - 2008:Q4 2009:Q1 - 2017:Q2
Variables Vectorl  Vector2 Vectorl Vector2
p-i 0.000 0.000 0.000 0.000
1.000 -1.478 1.000 0.326
p-Q (0.225) (0.013)
[-6.558] [25.051]
1.697 1.000 1.061 1.000
Y (0.258) (0.169)
[6.568] [6.256]
-1.224 0.000 -0.742 0.000
R (0.174) (0.047)
[-7.035] [-15.481]
L 0.000 0.000 0.000 0.000
0.000 -0.792 0.000 -0.481
D (0.053) (0.016)
[-14.714] [-29.913]
?(4)=10.002 “(4)=4.231
LR test* X )
(0.040) (0.375)

Note: ® Numbers in parenthesis are the Mackinnon-Haug-Michelis (1999) probability values
to accept the null hypothesis at the 5% significance level.

® Numbers in parentheses are asymptotic standard errors, while numbers in brackets are
the t-statistics.

“Numbers in parentheses are probabilities to accept the over-identifying restrictions.

¢ x*% and *** denote rejection of the null hypothesis at the 10%, 5%, and 1%
significance level, respectively.
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Table 3.6 reports the maximum likelihood estimates of the over-identified model in
both subperiods. The likelihood ratio test is equal to 10.002 (p-value=0.040) and
4.231 (p-value=0.375) in the first and second subperiod, respectively. Based on these
test results, we cannot reject the zero restriction on the coefficient of the (p-i) spread
variable in both subperiods. This implies the existence of perfect asset substitutability
for borrowers and banks, and as a result the non-operation of the bank lending
channel. Moreover, all the coefficients of the estimated cointegrating vectors are
significant and correctly signed in both subperiods. The only exception is the sign of
the coefficient of the spread variable (p-¢) in the second subperiod. This divergence is

possibly attributed to the restricted sample size.*®

3.6. Conclusions

Monetary policy transmission channels are the main linkages between the financial
system and the real economy. Monetary policymakers, besides their basic mandate in
keeping inflation at a low level, have a key role in stabilizing economic activity. This
can be helped through the operation of the two components of the credit channel,
namely the bank lending and the balance sheet channels. A monetary policy shock that
causes an increase in the interest rate may also have significant effects on the cost of
credit and as a result on bank loan supply and on borrowers' balance sheet conditions.
Thus, the exact comprehension of the operation of the bank lending and balance sheet
channels, particularly during a crisis period, is necessary so as to properly assess the

monetary policy transmission mechanism.

Based on the Bernanke and Blinder (1988) model, we have developed an extended
theoretical framework, which is suitable for empirically testing the operation of the
bank lending and balance sheet channels simultaneously, by using aggregate data.
Assuming the existence of information asymmetries, our model incorporates imperfect
substitution between internal and external finance for firms, which is a necessary

condition for the operation of the balance sheet channel, beyond the imperfect

198 To verify the validity of the above results, we also test for the possible operation of the bank lending
channel instead of the balance sheet channel, by imposing the appropriate over-identifying restriction
(p-¢=0) in the system of Eqgs. (3.12) and (3.14). The likelihood ratio test results show that we cannot
accept the null hypothesis (p-value=0) in both subperiods. which implies that there is imperfect
substitution between loans and retained earnings (i.e. p#e). Thus, we proceed by considering that only
the balance sheet channel is operational, since in the first place we have identified the existence of two
cointegrating vectors.
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substitution between the different components of external finance as in the Bernanke
and Blinder model, which is a necessary condition for the operation of the bank

lending channel.

Thus, we have succeed to disentangle shifts in loan supply from shifts in loan
demand and identify shifts in the demand for retained earnings, in order to be able to
quantify the effects of the operation of the monetary transmission channels on real
economic activity. We have shown that the operation of the two components of the
credit channel amplifies the effect of a monetary policy shift on aggregate output,
relative to the case where one or none of the two sub-channels operates.

We have captured the amplifying effects of the credit channel by deploying a
system of equilibrium equations, describing firms' financial structure and the
equilibrium conditions in the loan and output markets. For this purpose, we have used
and estimated our model to determine and test the appropriate theoretical restrictions
on equilibrium relationships (cointegrating vectors) that capture the degree of asset
substitutability between the components of external finance (loans and bonds) and
between internal and external finance and, thus, assess the existence of the credit
channel. We have demonstrated that if we identify three equilibrium equations, then
the bank lending and balance sheet channels are operational, complementary to the
interest rate channel. In case that we find two or one equilibrium relationships, we
have shown that only the balance sheet channel or neither of the two channels is in
operation, again in addition to the interest rate channel.

Financial developments in the last two decades, and especially the extensive use of
market-based financial assets, have increased asset substitutability, providing
alternative sources of funding for banks and firms that have changed the potency of
the credit channel. Our tests provided no evidence for the operation of the bank
lending channel in the U.S. for the periods before and after the financial crisis. The
unconventional monetary policy measures that were taken during the recent crisis
period contributed decisively to overcoming the potential constraints on bank credit
supply and support our findings. Thus, the bank lending channel does not seem to be

part of the monetary transmission mechanism.

Only the balance sheet channel is operational in both subperiods. The magnifying

effects of the operation of the balance sheet channel could be useful to explain,
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partially, the persistent negative effects of the restrictive US subprime mortgage crisis
of 2007, which evolved to a global financial crisis after the collapse of Lehman
Brothers in September 2008.
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Appendix: Data definitions and sources

The dataset begins in 1994:Q; and ends in 2017:Q2. Sources of the data are the
Federal Reserve Economic Data (FRED) and Quarterly Financial Report (QFR)
databases published by the Federal Reserve Bank of St. Louis and the U.S. Census
Bureau, respectively. The definition of the data and the corresponding sources are as

follows:

e Loans: Commercial and industrial loans, all commercial banks - (FRED)

e Deposits: Deposits, all commercial banks - (FRED)

e GDP: Real gross domestic product, billions of chained 2009 dollars, annual rate -
(FRED)

e Retained earnings (stock): Retained earnings of manufacturing, mining and trade
corporations - (QFR)

e Retained earnings (flow): Retained earnings of manufacturing, mining and trade
corporations - (QFR)

e Depreciation (flow): Depreciation of manufacturing, mining and trade
corporations - (QFR)

e Lending rate: Bank prime loan rate - (FRED)

e Bond rate: 10-year government benchmark bond yield - (FRED)

e CPI: Consumer price index, Total all items for the United States, index 2010=1 -
(FRED)
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Conclusion

The main aim of the present dissertation was twofold. On the one hand, to examine
the nexus between sovereign and bank credit risk during the recent Eurozone debt
crisis. To do so we focused on changes in the presence and direction of causality
between the corresponding CDS spreads in the period before and after the
implementation of the PSI program. On the other hand, the aim was to develop a
theoretical framework in order to quantify the amplifying effects of a monetary policy
shift on aggregate output, through the operation of the bank lending and the balance
sheet channels, and also, by specifying a proper definition of the cost of internal
finance, to analyze the operation of these monetary transmission channels in the U.S.
over the last two decades.

This thesis is composed of three stand-alone essays. More precisely, in the first
essay, we investigated the effectiveness of the PSI program in restricting the (linear
and nonlinear) contagion effects between sovereign and bank credit risk, by
employing daily CDS of eight Eurozone countries and twenty-one banking
institutions, over the period January 2009 to May 2014. To our knowledge, this is the
first study that uses a nonlinear econometric framework to capture nonlinear
dynamics in the relationship between the CDS series, during a period of highly
volatile conditions in the Eurozone. For this purpose, we applied the non-parametric
causality test of D&P (2006) that allowed us to capture adequately, in a more complex
framework, the potential nonlinear structure of the relationship between the time
series, without setting any conditions regarding the relationship between them, and

consequently, without imposing any model restrictions.

We found that the causal effects running from sovereign CDS spreads to the bank
CDS spreads were stronger in both subperiods, before and after the announcement of
the PSI. This indicates a public-to-private risk transfer. Nevertheless, linear and
nonlinear test results provided evidence that the causal linkages between sovereign
and bank credit risk weakened after the PSI, while the persistence and magnitude of
lead-lag interactions also declined in the same period. Moreover, we observed that
volatility spillovers are a significant reason for the existence of Granger causal

relationships. However, the retained interconnections between the CDS series, after
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first and second moment filtering, imply that the causal linkages between them were

not due to simple volatility effects only.

Concerns of contagion due to a restructuring of the Greek debt were the main
impulse of initiatives by the European Union and the International Monetary Fund.
Thus, we focused on an event such as the PSI, because we considered it as an
important breakpoint, with significant effects on the interaction between sovereign
and bank credit risk in the Eurozone. It was the first debt restructuring in the
Eurozone in contradiction with the promises of politicians that such an event was
impossible. Even if a shock occurred in a small country like Greece (according to the
Eurostat, the share in total EU GDP was 1.2 percent in 2016), there were fears that it
could lead to significant transmission effects to other countries with robust financial
conditions and with no strong fundamental linkages with Greece, due to the presence
of contagion effects. A credit event could have disastrous spillover effects for those

banking institutions in the Eurozone, which held a significant amount of Greek debt.

However, the Greek debt restructuring (through the PSI) was settled without
provoking a subsequent mess. A series of important actions were taken to ensure the
orderly debt restructuring. The new bonds issued under English law offered extra
protection to the creditors, while the significant amount of cash that was provided to
the bondholders through the near-cash EFSF notes contributed to the smoothness of
the process. Acting in this direction, the Eurogroup provided Greece with a new loan
of EUR 30billion after the PSI, through the EFSF, in order to support and prevent
potential losses of the banking system and to restore normality. Conclusively, while
ex ante we expected that after a debt restructuring, the new bad equilibrium was more
likely to be worse in the period after the PSI due to agents' irrational behavior; ex post
we provided evidence that this was not proven to be true in the case of Greece. The
contagion effects across sovereigns and banks have been restricted in the period after

the implementation of the PSI program.

We conclude that the PSI was an effective way to mitigate the country-specific risk,
before it turned to a systemic risk. The Greek debt exchange, through the PSI, has
historic significance because it introduced a new record in terms of restructured debt
volume and aggregate creditor losses easily surpassing previous ones (Zettelmeyer et
al., 2013). Our results showed that the PSI and the way Greece restructured its debt,
give us a template that is readily applicable to be used by other Eurozone countries if
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needed, as they share the same key characteristics (over 90 per cent of their stock of

debt is governed by local law) and banks are the main creditors.

The following two essays are interrelated. Starting with Essay 2, we provided a
definition for the cost of internal finance that was also used for the specification of the
cost differential between external and internal finance. The latter has a key role in the
operation of the balance sheet channel, where its operation enhances the effects of a
monetary policy shift on the real economy. The cost differential substitutes the
concept of the external finance premium. This premium which is extensively
employed in the relevant literature is defined as the difference between the borrowers'
cost of raising external finance, and, the opportunity cost of using internally generated
funds, which is not the same as the cost of internal finance. This approach implies that
the cost of external finance should be higher than the cost of internal finance, because
there is a cost for lenders to overcome credit market imperfections that should be

passed over to borrowers.

We highlighted the conceptual distinction between the cost and the opportunity cost
of internal finance. For this reason, we used the return on retained earnings to firm
owners, in order to measure the cost of internal finance. Based on the new definition,
the external finance premium is not necessarily positive, but rather it represents a cost
differential between external and internal finance. This occurs because retained
earnings belong to the shareholders of the company. The cost of retained earnings or,
alternatively, the return these earnings are expected to generate, should be related to
the return required by shareholders on new equity. Our measure for the cost
differential retains the countercyclical property of the external finance premium as
defined in the literature, and its role in a financial accelerator mechanism is similar to

the one proposed by Bernanke, Gertler and Gilchrist (1999).

We also used our definition of the cost of internal finance for the measurement of
the equilibrium real interest rate, based on a single-variable method. The equilibrium
rate is defined as the real interest rate that is consistent with full utilization of
resources in the economy and price stability. It is often measured as the hypothetical
real rate that would prevail in the long run, once all of the shocks affecting the
economy would have died out. Its precise estimation is a controversial issue. Our

estimation is based on asset returns data. We consider that in equilibrium the stock of
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retained earnings remains constant and there is no flow of retained earnings but only a

depreciation flow that keeps the capital stock constant.

Thus, we defined the equilibrium interest rate as the ratio of the depreciation flow,
i.e. the amount of earnings required to finance capital consumption of the period, to
the stock of retained earnings. We showed that the equilibrium real interest rate
displays a downward-sloping trend in the US economy for the period from the first
quarter of 1980 through the second quarter of 2017. Our estimates are in accordance
with other measures of the equilibrium rate (Laubach and Williams, 2016; Lubik and
Matthes, 2015). The unprecedented low level of the equilibrium real interest rate
during the recent global financial crisis indicates that the monetary policy tools that
could be used in order to reverse the adverse crisis effects and to reinforce the real
economic activity were restricted. Thus, the monetary authorities proceeded to a
series of unconventional monetary policy measures, which were mainly aimed at
longer-term interest rates. Short-term interest rates almost reached a zero lower bound

and remained there until late 2015.

The last essay aimed to quantify the amplifying effects of monetary policy changes
on total output due to the operation of the credit channel, and, to examine the potency
of its two components, i.e. the bank lending and balance sheet channels, in the U.S.
over the period 1994:Q1 to 2017:Q2. This was accomplished by using the definition
of the cost of internal finance that was introduced in the previous essay. We showed
analytically that both channels that work complementary to the operation of the
conventional interest rate channel, amplify the effects of a monetary policy change on
total output, in relation to the case where only the interest rate channel is operational.
The effect is lower when only the balance sheet channel is operational.

Our model, based on the Bernanke and Blinder (1988) model, allowed us to
disentangle shifts in loan supply from shifts in loan demand and to identify shifts in
the demand for retained earnings, which is a prerequisite for testing the operation of
the bank lending and balance sheet channels simultaneously. In our theoretical
framework, necessary conditions for the identification of the two components of the
credit channel are the existence of imperfect substitutability between external sources
of finance (bank lending channel) as well as between internal and external sources of

finance (balance sheet channel), due to the presence of information asymmetries.
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In particular, by using multivariate cointegration techniques and based on the
identified cointegrating relationships among the aggregate time series, we were able
to capture the amplifying effects of the aforementioned monetary transmission
channels. We imposed and tested a number of appropriate over-identifying theoretical
restrictions on the estimated cointegrating vectors that capture the necessary
conditions needed for the operation of the bank lending and balance sheet channels.
According to recursive and breakpoint stability test results, we separated the sample
period in two parts, setting the breakpoint at the fourth quarter of 2008, so as to ensure

parameter constancy.

Our results indicated that only the balance sheet channel was operational during the
pre- and post-crisis periods in the U.S.. We did not find evidence for the operation of
the bank lending channel for the whole sample period. The non-operation of the bank
lending channel could be attributed to the significant increase of the degree of asset
substitutability and the market-dominated globalized financial system Moreover,
variables, such as loans and bonds as percentage of GDP and holdings of bank-related
assets to other intermediated assets, provide evidence that bank intermediation is at a
low level in the US financial system. Therefore, it is expected that under these
conditions the bank lending channel would not be operative. Interpreting the effects of
a monetary policy shift on total output, through the operation of the monetary
transmission channels, especially during a turbulent period, is crucial for monetary
policy authorities in order to proceed to the required policy/reforms that could

stimulate real economy.
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