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Empirical Investigation of the Effect
of Bank Long Term Debt on Loans

and Output in the Euro-zone

Claire Océane Chevallier*

The objective of this study is to empirically test whether bank loan
supply affects output in the Euro-zone from 1999Q1 to 2014Q4. It uses
shocks to bank deposits and shocks to bank wholesale debt issuance as
instruments in a linear two stage least square specification to evaluate
the role of loan supply in affecting output. The findings show that banks’
changed preferences for wholesale debt funding are important determinants
of loan supply, in particular during the crisis. I also find evidence that loan
supply affects output significantly and positively. The validity of the model
is also tested by verifying the linearity assumption using non-parametric
estimation techniques.

JEL classification: E41; E44; E51; G21
Key words: Bank lending channel; Bank funding; Bond issuance; Credit;
Euro-area.

1 Introduction

Many policy makers and researchers (Gertler et al., 2016; Hanson et al., 2011; Tarullo,
2013) argued that the recent financial crisis was triggered by disruptions in the wholesale
banking sector. In this context, the literature has gained interest on the role of wholesale
funding of banks in generating and propagating crises (Adrian and Shin, 2010; López-
Espinosa et al., 2012). Wholesale fundings are items of banks’ liability and account
for nearly half of total liabilities in the Euro-zone. They include inter-bank deposits,
short term securities (Money Market Fund shares) and bank debt issuance. Wholesale
fundings contrasts with retail deposits because they have factually shorter maturities
and are easier to raise than deposits (Diamond et al., 2001). Hence, wholesale fundings
are largely conditioned by the macroeconomic climate, raising uncertainty. Most
studies concentrate on the role of the most unstable wholesale funding, bank short
term wholesale funding and inter-bank funding, in affecting economic activity. The
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role of bank long term debt issuance in the amplification and the propagation of the
last financial crisis has not been assessed yet. Their share in total liabilities in the
Euro-zone is about 14%. Although they are less volatile than other wholesale funds,
they are nearly twice as more volatile than deposits and by raising uncertainty and
leverage, can be a source of great instability (Brunnermeier and Sannikov, 2014).

As bank long term debt are for most uninsured, increased reliance of the banking
sector on long term debt raises funding liquidity risk in case of a macroeconomic shock.
Funding liquidity risk is the risk that banks investors do not roll over their funding as
they would in normal times. This can trigger fire sales and thus erode bank capital,
possibly leading banks to default (solvency risk), increasing systemic risk. Since capital
erosion limits banks ability to borrow, the reduction in banks’ funding is amplified.
Moreover, it increases the risk that banks are not able to meet their short term financial
demand (liquidity risk). Falling funds reduce the size of banks, possibly leading to a
cut in credit.

The objective of this study is to empirically test whether bank loan supply affects
output in the Euro-zone from 1999Q1 to 2014Q4. This study presents two contributions,
one theoretical and one empirical. The theoretical model of Bernanke and Blinder
(1988) is extended in Section 4 by incorporating a market for bank wholesale long term
debt funding. I then follow Driscoll (2004)’s empirical strategy by using a two stage
least square instrumental variable linear regression to identify shifts in the loan supply
equation (Section 6). Driscoll (2004) uses shocks to deposits to instrument for loan
supply. His framework is extended by adding a second instrument which represents
changes in bank preferences for wholesale long term debt issuance. In addition to
testing causalities between financial shocks, loan supply and output, I test the validity
of the functional form of the model, in Section 7, using non-parametric instrumental
variables (NPIV). Despite the theoretical evidence (Brunnermeier and Sannikov, 2014),
the study of potential non-linearities of loan supply on output remains unexplored.
This is of particular concern for policy and regulation in the banking sector. Indeed, a
better understanding of the effect of loan supply on output may help policy makers.
Non-parametric techniques are useful because they allow to reasonably fit the data
without making any assumptions on the parametric family of the data. They are used
as an explanatory tool and may help confirm an expected parametric form. To test
the validity of the model I embed the linear empirical specification into a more general
class of model called General Additive Models (GAM) (Hastie and Tibshirani, 1990),
fitted with local linear kernel regressions.

Additionally, increasing the number of instruments allows precision of the estimates
to be increased, an improvement in the two stage least square (2SLS) estimator
efficiency, and the construction of a test for endogeneity of the instruments (test for
over-identifying restrictions). Moreover, the ability to recover non-linearities in NPIV
is positively linked to the strength of the instrument (Newey, 2013).

The next Section 2 exposes published works on bank liability structure and its effect
on economic activity. Section 3 describes the data. Section 5 presents the estimation
of financial shocks, Sections 6 and 7 give the linear and non-parametric 2SLS results.
Section 8 concludes.

2



2 Literature

I first review the theoretical papers on the role of financial structure in affecting loan
supply and output. I show how potential non-linearities can arise. Then, the empirical
evidence on the effect of bank wholesale funds on loan supply and loan supply on
output is presented.

Bernanke and Blinder (1988) develop the benchmark theoretical model of the role of
financial structure on economic activity. The authors extend the standard Keynesian
IS-LM model by incorporating a market for banks’ loans. The IS-LM model is a stylized
framework in which short term economic transmission mechanisms of shocks can be
analyzed. There are three types of agents: a government, a central bank, and a set of
non bank agents (households and firms). There are two financial assets, bonds and
money, and consumption and investment goods. Figure 2.1 shows the two curves that
represent all the equilibrium points on the goods market, the IS curve, and all the
equilibrium points on the money market, the LM curve. By clearing the goods and
the money markets, the bonds market automatically clears by Walras’ law. The IS
curve displays a negative relationship between output (y) and the interest rate on the
financial asset (rm) while LM shows that the interest rate is a negative function of
output. Point 1 on the graph is the only point in which all markets are in equilibrium.

Bernanke and Blinder (1988) introduce a third financial asset, loans that are supplied
by commercial banks. They also assume that bonds and loans are imperfect substitutes
due to asymmetric information or liquidity differences. Therefore, investment is also
affected by the lending rate. They thus define a modified IS curve in which loans and
bonds are imperfect substitutes, and given that, the loan market also clears.

In the model, exogenous shocks to money affect the economy as follows. By reducing
the quantity of money in the economy (LM shifts to LM’), interest rates rise, investment
and output fall. Moreover, monetary policy decreases bank reserves and thus bank
loans. In the standard Keynesian framework, since loans and bonds are perfectly
substitutable, the reduction in bank loans is completely offset by a rise in bonds. Hence,
the story ends here. When firms’ funds are imperfectly substitutable, for a given
interest rate, a decrease in loan supply lowers investment. The IS curve shifts to the left
(IS’) and output is further reduced. The new equilibrium point is point 2 in Figure 2.1.
This is the so-called bank lending channel. It is the channel through which monetary
policy affects economic activity via credit. It should be distinguished from the standard
“interest rate channel”, where changes in the nominal interest rate affect output. The
authors also empirically analyze the contribution of credit and money demand shocks in
affecting economic activity, but they do not evaluate shocks arising within the financial
sector.

The theory behind the lending channel is found notably in Froot and Stein (1998)
and Stein (1998). Froot and Stein (1998) present a theoretical analysis showing that
banks actively manage their balance sheet to hedge against risk. Due to the inherent
characteristic of a bank where the maturity of much of its debt is short, as opposed
to the long term maturity of its assets, banks may face non hedgeable liquidity risks.
Because some of the risk in the banking sector is not hedgeable, banks are also concerned
about liquidity and leverage (in addition to profits) and thus hold non trivial amounts of
capital (buffers). Therefore, banks have a hedging strategy in addition to deciding the
quantity of debt they hold. In other words, the funding structure of the banking sector,
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Figure 2.1 – IS-LM-Bank Loans
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such as capital leverage and the quantity of liquid funds in total funds, matters for the
quantity of lending made. Stein (1998) offers some micro foundations for the importance
of bank liability structure. The author shows that adverse selection problems between
financial intermediaries and their investors give theoretical grounds to adjustment costs
in varying uninsured funds. Hence, this points to the imperfect substitutability of
banks’ balance sheet items.1 It is assumed that investors are not perfectly informed
about how the bank manages its assets. There are thus some adjustment costs to be
incurred when raising new uninsured funds. There are no costs for insured funds as they
assume that they are the only way for banks to raise asymmetric-information proof
external finance.2 The further a bank attempts to substitute deposits for uninsured
funds, the higher are the potential adverse selection problems.

Recent macroeconomic models have included an explicit bank financial structure. In
particular, they have recently demonstrated heightened interest in the role of banks’
wholesale funding in affecting macroeconomic stability. Gertler et al. (2016) extend the
macroeconomic model of Gertler and Kiyotaki (2011) to include bank wholesale funding
in addition to retail deposits. In their model, there are possible runs on wholesale
inter-bank funding, such that creditors do not roll over inter-bank deposits. They argue
that these specifics allow to better capture the development of the recent financial
crisis. Disyatat (2011) develops a model in which capital is distinguished from other
banks’ funds. This work reformulates the bank lending channel to take into account
recent developments in banks’ market funding. In contrast with quantitative effects of
the bank lending channel, the author focuses on the role of endogenous external finance
premia and risk perception of banks regarding the impact on loan supply.

Brunnermeier and Sannikov (2014) develop a macroeconomic model in which the

1Examples of uninsured funds are wholesale CDs, subordinated debt, preferred stock, etc.
2Cornett et al. (2011) in fact shows that “deposits insulate banks from liquidity risk due to the

advent of government guarantees”. They are, as a consequence, less elastic sources of funding.
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illiquidity of capital raises uncertainty and can give rise to potential non-linear effects
of funding shocks on output by raising systemic risk. In their theoretical setup, market
illiquidity of capital (defined as the difference between the first best price of capital
minus the price to which prices may theoretically drop) determines endogenous risk.
The greater is market illiquidity, the greater is the systemic risk because it raises market
uncertainty. Consequently, the authors suggest that shocks to bank funding can affect
non-linearly output in the sense that times of crisis are distinguished from normal
times, by the uncertainty.

This study is also related to the empirical literature on the role of bank funding
structure on bank lending, and to the literature evaluating the impact of lending on
economic activity.

Studying the effect of loan supply on output goes through two main difficulties. The
first is to identify a variation in loan supply. The difficulty of the task lies mainly in
that demand from supply effects can hardly be distinguished, because credit supply
and credit demand share common determinants (output, interest rates). The second
difficulty is to identify the effect on output. A decrease in loan supply may well respond
to a decrease in future expected output, and output may fall due to a cut in loan supply.
The difficulty of the question has led to a large number of works testing if changes in
loan supply affect output growth. In what follows, I briefly review the most relevant of
them with respect to my study.

Based on Bernanke and Blinder (1988) model, Driscoll (2004) empirically tests the
existence of the bank lending channel in the U.S. between 1969 and 1998. The author
exploits the panel dimension and the common currency dimension of the U.S. to identify
loan supply. He uses state specific shocks to money demand to instrument loan supply
in a linear two stage least square estimation procedure. By viewing the U.S. states as
small open economies with fixed exchange rates, any shock to money demand in one
state is automatically accommodated so that output is left unchanged.3 Nevertheless,
the money demand shocks change bank deposits, loan supply and thereby, may affect
output. Driscoll (2004) finds that, in the U.S., between 1969 and 1998 (annual data),
shocks to bank deposits affect bank lending. However, he finds no evidence of a bank
lending channel in the U.S. as loan variation is not found to affect output.

Driscoll (2004) argues that it is possible to identify the effect of a change in loan
supply using shocks to deposits in the U.S. over the period studied (1969-1998) as
inter-state lending and deposits were legally made possible from 1996. Still, state by
state agreements on deposits and lending were made starting in the early 80s and
opened inter-state markets. To identify the bank lending channel in a specific state,
deposit and lending markets must be segmented across states.

Cappiello et al. (2010) and Rondorf (2012) reproduce Driscoll (2004) methodology
in ten Euro-zone countries. The Euro-zone banking market remains segmented across
countries.4 Cappiello et al. (2010) follow closely the estimation procedure of Driscoll
(2004) but include in the estimation of the effect of money demand shocks on loans a
variable representing the tightness of bank credit standards.

In contrast with Driscoll (2004) who takes first differences of the data, Rondorf (2012)

3Real balances increase in that state and decrease in all other states
4The share of domestic deposits and domestic loans in total deposits and loans in all of the 10

Euro-zone countries is above 90% except for Belgium, Ireland (varies between 75 and 95%) and
Austria and Finland in the years following the crisis (it falls to about 87%).
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estimates money demand with an error correction framework. As real money balances
and its determinants in the Euro-zone are non-stationary and follow the same long run
trend, money demand must be estimated with an error correction framework, in which
both the long run and short run variations are taken into account.

Both Rondorf (2012) and Cappiello et al. (2010) find evidence of a bank lending
channel in the Euro-zone from 1999 to 2008, suggesting that firms and banks’ funds are
imperfectly substitutable during this period. Cappiello et al. (2010) find, in addition,
that not only have volumes of credit affected output, but also bank credit standards.

In contrast with panel techniques, Gambetti and Musso (2012) and Hristov et al.
(2012) both use a VAR model to identify loan supply shocks and study their role on
economic activity in the Euro Area. The first study spans from 1980 to 2011 and the
second from 2003 to the second quarter of 2010. Both find evidence that loan supply
has affected output. The VAR techniques abstract from a solid theoretical background.
They measure exogenous variations in the supply of loans but do not identify the source
of it. This is particularly cumbersome if one intends to understand the underlying
economic mechanism.

All these studies assume that the relationship between loan supply and output is
linear. There are few empirical studies that relate evidence on non-linearities. Schleer
and Semmler (2015) consider non-linearities between the banking sector financial
conditions and real economic activity. Based on a VAR regime switching model, they
find that financial sector shocks led to large non-linearities and amplification effects
in some Euro-zone countries, in particular after the collapse of Lehman Brothers.
Bouvatier et al. (2014) use smooth transition regime regression models in 17 OECD
countries and show that credit is non-linearly related to output variation. It is highly
related to business cycles in times of high volatility. To my knowledge, there are no
studies that investigate potential non-linearities that do not impose a functional form
on the data.

Changes in loan supply can be due to monetary policy changes, bank funding shocks,
or changes in market conditions such as increased risk perception. Recently, the
literature has gained interest over the role of non-reservable liabilities of banks in
affecting loan supply.

Gambacorta and Marques-Ibanez (2011) point out that the standard framework of
Bernanke and Blinder (1988) is not able to take into account recent developments in the
banking sector, as the role of deposits in bank funding has decreased (non-reservable
liabilities have been increasingly easy to raise). The authors conduct an empirical
investigation of the determinants of the loan supply schedule. They consider the effect
of monetary policy on the bank lending channel in 1000 banks among 14 European
countries and the US, from the first quarter of 1999 to the third quarter of 2009. They
include a dummy variable (from the third quarter of 2007 to the fourth quarter of 2009)
to their linear empirical specification to account for non-linear effects during the recent
financial crisis. They find that banks’ funding structure matters for lending in that
increased short term funding and/or additional funding via securitization amplifies
the cuts in bank lending during financial instability. Their result suggests a non-linear
effect on the monetary transmission mechanism (bank lending channel), where crisis
times and normal times are distinguished.

Cornett et al. (2011) study the role of bank liquidity structure in affecting credit
supply in the U.S. during the years 2006-2009. They use a panel of banks on quarterly
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data. Their empirical model takes into account the fact that banks hold cash and liquid
assets to manage liquidity risk. They use four measures of liquidity risk management
for banks and interact each variable with the TED spread.5 The TED spread is a
measure of market liquidity conditions and is believed to have surprised banks during
the crisis, so that banks had to change their liquidity management policies. The spread
thus allows them to separate effects of the crisis period from normal times. They find
that banks with higher levels of liquidity risk exposure reduced lending more than
others in periods of high TED spreads. The authors also find that banks with more
stable sources of funding (such as deposits and equity capital) reduced lending less
than other banks during the last financial crisis. Finally, the authors note that bank
illiquidity had peaked after the fall of Lehman Brothers (last quarter of 2008).

Therefore, the two previously cited studies suggest that unstable funding of banks
affect non-linearly credit, in the sense that normal times and crisis times have a different
impact.

This study is also related to the literature on bank debt issuance. Rixtel et al.
(2015) follow the banking literature, and the literature on debt issuance choice of
firms, to theoretically motivate and estimate a set of long term bank debt issuance
determinants.6 in 14 European countries.7 The authors use bank level data from
1999Q1 to 2013Q1 on 63 European banks as well as country level aggregated data.
Their empirical specification is additive and in log levels. They show that country
specific risks were detrimental to bank bond issuance in the euro-area. Notably, the
authors find that financial market tensions affected more strongly bank bond issuance
during the Great Recession.

This chapter extends the Bernanke and Blinder (1988) model by allowing banks to
be funded via wholesale long term debt in addition to deposits. I construct an equation
for the supply and the demand of bank long term debt. Based on the theoretical model,
and using an error correction framework, I estimate shocks to the supply of bank
debt, in addition to money demand shocks as in Driscoll (2004) and Rondorf (2012). I
investigate, using both a linear and a non-parametric instrumental variable approach,
the role of the two financial shocks in affecting loans and output. The macroeconomic
impact of disruptions in bank long term debt has not been assessed in the literature
yet. Non-parametric techniques do not impose any functional form and help verify
the validity of the linearity assumption of the model. Studies have pointed out the
existence of non-linearities between funding shocks and loan supply as well as between
credit and output.

3 Data

This section describes and briefly comments the data used in the study. I use quarterly
data, from the first quarter of 1999 to the last quarter of 2014. The countries studied

5The TED spread is defined as the difference between inter-bank rate minus the short term government
T-Bill.

6See Appendix D for the set of determinants.
7Austria, Belgium, Germany, Spain, France, Greece, Ireland, Italy, Luxembourg, the Netherlands

and Portugal and non Euro-zone countries: Switzerland, Sweden and the United Kingdom.
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are the eleven founder members of the euro except for Luxembourg.8 There is thus
Austria (AT), Belgium (BE), Finland (FI), France (FR), Germany (DE), Ireland (IE),
Italy (IT), Netherlands (NL), Portugal (PT), and Spain (ES).

Country level output is measured by chained linked volumes of the Gross domestic
Product (GDP) series, published by Eurostat, as in Rondorf (2012).9 The measure
of money supply is the one that best reflects the ability of banks to make loans, all
the money in circulation (M3) minus currency and traveler’s checks, as measured by
countries’ respective central banks. The monetary aggregate M3 includes bank deposits
from the non-financial sector, with maturity less than two years (76% of total deposits),
short term wholesale funds (Money Market Funds), and debt securities with maturity of
up to two years. All bank balance sheet series and interest rates are from the European
Central Bank (ECB) website. The series are monthly outstanding amounts at the
end of the period to non monetary and financial institutions (domestic loans can be
found in the section domestic and cross border position of Euro area monetary financial
institutions, by country).10 Then, the outstanding amount of the last month of each
quarter is taken. Bank long term debt issuance is the series of bank debt with maturity
of more than two years that is held by euro-area residents. Non euro-area residents
holdings of bank debt are not taken into account as banks target foreign market, which
implies specific determinants. The long term interest rate is the quarterly average of
monthly interest rates on the yield of a ten year government bond. It is available on
the European Central Bank website, in the financial data section.

Credit to GDP gap and exports are also used in the study, as instruments for output
in the estimation of money demand and bank debt issuance. The credit to GDP
gap variable is taken from the risk dashboard data of the ECB. Exports are from
Datastream.

All the series in the estimations are seasonally adjusted using the x-12-ARIMA
seasonal adjustment of the U.S. Census Bureau. They are also deflated, in logs, and
per capita except for interest rates. The deflator is the ratio of nominal GDP over the
chained linked volumes (2010) of GDP from Eurostat. Population series are also from
Eurostat.

I now analyze relevant balance sheet items and GDP series. The liability items of
the banking sector can be broadly decomposed into retail funds, which are deposits
from non monetary and financial institutions (MFI), wholesale funds, and bank own
funds. Table 3.1 exposes the general evolution of the Euro-zone financial structure
and economic activity, from 1999 to 2014. It displays some summary statistics on
wholesale, retail, loans and GDP average growth rates in the Euro-zone. The coefficient
of variation (CV) reveals that wholesale funds are nearly twice as volatile as retail
funds. Retail funds are insured and thus less subject to uncertainty. They are typically
more stable. All the series’ growth rates decreased after the onset of the crisis. The
growth rate of wholesale and lending even became negative. Furthermore, the liability
item the most correlated with loans is wholesale funds.

This study uses the domestic measure of retail funds, domestic deposits from non

8The share of the financial sector in total GDP in Luxembourg is much larger than in the other
countries considered, rendering it an outlier.

9Quarterly population for Ireland is taken from the OECD website as it is not available on Eurostat
http://ec.Europa.eu/Eurostat/data/database.

10Quarterly domestic data is not available for the cross border positions.
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Table 3.1 – Bank financial structure, loans and output: mean growth rates summary
statistics in 10 Euro-zone countries

Correlations Mean CV

R W L GDP before after

Retail (R) 1 0.15 0.49 0.15 1.28 0.50 2.71

Wholesale (W) 1 0.54 -0.14 2.30 -0.49 4.23

Loans (L) 1 -0.09 1.65 -0.39 3.17

GDP 1 0.80 0.06 8.36

Note: CV is the coefficient of variation. Before and after correspond to, respectively, before (included)
and after (excluded) 2008Q2. Retail is total deposits from non MFI in the 10 Euro-zone countries
considered over the period 1999Q1 to 2014Q4 (640 obs). Wholesale corresponds to bank funds other
than deposits to non MFI and bank own funds. Loans is total loans to non MFI. The series are deflated
by the chained linked volume GDP implicit deflator. The data is taken from http://www.ecb.Europa.eu.

Table 3.3 – Growth and share of selected liability components

Variable before (Std) after (Std) CV share %

Debt issuance (EU) .09 (5.80) -.65 (4.72) -25.52 14.24
Debt issuance (non-EU) 3.51 (17.33) 1.70 (18.55) 6.46 9.39
Deposits (domestic) 1.28 (2.34) .51 (2.89) 2.71 31.80
Total liabilities 1.98 (3.04) -.21 (3.89) 3.33 100

Note: CV is the coefficent of variation. Before and after correspond to respectively, before
and after 2008Q2. Debt issuance includes debt securities with maturity more than 2 years.
Domestic deposits are from non MFI. The series are deflated by the chained linked volume
GDP implicit deflator. The data is taken from http://www.ecb.Europa.eu.

MFI. The measure of wholesale funds used is bank debt issuance held by euro-area
(EU) residents. Appendix A gives summary statistics and a short description of each
banks’ balance sheet items, as classified by the ECB.11

Table 3.3 reports the growth rates, before and after the crisis, of bank domestic
deposits and EU and non-EU debt issuance. It also reports their volatility (CV) and
their share in total liabilities. Of all, debt issuance (EU) is the most volatile component.
It accounts for over 14 % of total banks’ funds. In addition, the growth rates of debt
issuance (EU) and total liabilities have decreased after the Lehman collapse while
deposits’ growth remained positive.

Figure 3.1 depicts the evolution of output, domestic loans, domestic deposits from
non MFI, and debt issuance (EU) by country, since 1999Q1, given countries’ banking
sector size. It thus shows the evolution of banking financial structure through time. It
also shows the evolution of the banking sector size in countries’ total revenue (GDP).
The figure reveals a major change in the growth rate of the share of loans after the
Lehman collapse in all countries except in IE, IT, NL. The direction of change is
however heterogeneous across countries. The share of loans increases in AT, BE, and
FR after 2008. It remains stable or decreases in other countries. Nonetheless, the
share of domestic loans in total banks’ assets is lower in the period after the crisis
(relative to before the crisis) in all countries, revealing a change in the asset structure
of the Euro-zone banking sector. The Lehman collapse was also suddenly followed by

11See also the ECB “Manual on MFI balance sheet statistics”, June 2012.
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Figure 3.1 – Banks financial structure evolution
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an increase in the share of domestic deposits to non financial institutions in all ten
countries except in ES and FI. On the opposite, debt issuance have decreased after the
crisis in six out of the ten countries.12 They have remained nearly constant or increased
in other countries. As the share of banks’ retail funding in banks’ size rose while the
share of loans decreased in most countries after the onset of the crisis, I therefore ask:
Can the change in the banking sector’s asset structure be explained by disruptions on
wholesale long term debt markets?

To assess if there exists a significant relationship between bank debt issuance and bank
loans, I estimate an Ordinary Least Squares (OLS) fixed effect regression of domestic
loans on bank debt issuance (EU). Table 3.4 shows the results of the regression before
and after the crisis. During both sub-periods, for a given banking sector size, an
increase in bank debt issuance is positively associated with an increase in lending,
and more so after the onset of the crisis. Hence, banks’ liability structure matters for
lending. Furthermore, the Ramsey reset test from the exploratory regression rejects
the null hypothesis that the model is well specified. The regression model is hence
misspecified, possibly due to non-linear omitted components. In addition, this equation
does not give any possible causal interpretation due to endogeneity issues (reverse
causality). Indeed, on the one hand, debt issuance of banks may rise due to an increase
in the demand for loans. On the other hand, if bank debt funding increases, banks may
increase their lending supply.

Table 3.4 – Exploratory regression: Loans on debt issuance

OLS with fixed effects
(1) Before crisis (2) After crisis

Dependent variable ∆log(domestic loansi,t) ∆log(domestic loansi,t)

∆log(debt issuancei,t) .045** .111***
(.018) (.027)

∆log(total assetsi,t) .273*** .347***
(.056) (.086)

Constant .015*** .005***
(.002) (.001)

Observations 370 260
R2 .159 .3447
Ramsey R. test 13.58*** 10.26***

Note: The crisis corresponds to 2008Q2. Debt issuance are debt securities held
by EU residents. Robust standard errors are in parentheses, * p<.1, ** p<.05, ***
p<.01. The Ramsey reset test nul hyp. (H0): There are no non-linear omitted
variables.

The next section introduces the theoretical model of Bernanke and Blinder (1988).
The model is extended by allowing banks to be funded via debt issuance in addition to
deposits. Based on the theoretical framework, I construct in Section 5 an equation for
bank debt issuance. I estimate, using an error correction framework, two instruments
for loan supply, money demand shocks as in Driscoll (2004) and Rondorf (2012), and
an additional instrument, shocks to the supply of wholesale debt. In Section 6 and 7 I

12AT, BE, DE, ES, FI and IE.
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investigate, using both a linear and a non-parametric instrumental variable approach,
the role of these financial shocks in affecting loans and output. Section 8 concludes.

4 An extended Bernanke and Blinder model

The model of Bernanke and Blinder (1988) is a Keynesian macroeconomic model with
nominal rigidities where output is demand driven. The novelty of the paper is the
introduction of the financial intermediation sector, where financial shocks can affect
output via their impact on loans and investment.

4.1 Behaviors

There are four markets in this extended IS-LM model: the goods market, the money
market, the loans market and the bonds market. By clearing the goods, the money and
the loans markets, the bonds market automatically clears by Walras’ law. There are
also four types of agents: a government, a central bank, a commercial bank, and a set of
non bank agents (households and firms). The central bank changes the monetary base
mi,t − pi,t. The firms finance themselves by issuing bonds at rate rt and taking loans
at rate ρi,t. To the Bernanke and Blinder (1988) model I include the market for bank
wholesale long term debt. The balance sheet of banks is displayed in Table 4.1. On the
liability side of their balance sheets, banks hold deposits mi,t−pi,t that are remunerated
at the rate rdi,t, and long term debt Wi,t. They pay an interest rate it to debt holders.
These interest rates are assumed to be the same across countries. This simplifying
assumption is motivated by the fact that cross border bank long term debt transactions
are numerous within the Euro-zone. Hence, by non-arbitrage, interest rates should be
similar. Banks also hold other liabilities such as own funds, Ki,t, inter-bank deposits
and non EU funds. The size of the banking sector, total liabilities, is denoted Ai,t. To
keep the model tractable I assume other liabilities (own funds, etc.) are exogenous. It
can be due, for example, to changes in banking regulation (eg.: the Basel accords).
It is assumed banks have an optimal debt structure because, on one hand, wholesale
debt funds have factually shorter maturities so they may help meet liquidity needs, are
easier to raise than deposits, and are cheaper than capital. On the other hand, they
are more prone to macroeconomic instabilities (Gertler et al., 2016). As a consequence,
wholesale debt funding is part of banks’ investment strategy. On the asset side, banks
hold loans li,t and earn a return ρi,t on it, and bonds Bi,t which yield a return rt. As on
the bank debt market, bonds rates are assumed to be the same across countries. The
robustness of the results to this assumption will be tested. Variables are expressed in
logarithm except for the interest rates.

Table 4.1 – Commercial bank balance sheet

Assets Liabilities
Bonds, Bi,t(rt) Debt issuance, Wi,t(it)
Loans, li,t(ρi,t) Deposits, mi,t − pi,t(rdi,t)

Other
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On the goods market, total income is a positive function of aggregate consumption
and investment, government total expenditure and net exports. Government spending
is exogenous. Net exports are assumed to be a function of output and an exogenous
exchange rate. Investment is a negative function of financing costs, the bond rate rt
and the lending rate, ρi,t.

13 Consumption also depends negatively on the interest rate
on loans and bonds, as an increase in both interest rates raises the cost of goods. By
solving for output, the aggregate demand is:

yi,t = −σrt − αρi,t + ηy∗t + ξyi,t. (4.1)

The variable y∗t represents components of the aggregate demand that are common to
all countries such as government spending and the international environment. The
variable ξyi,t is a disturbance term to the aggregate demand. It can be due to fiscal policy
changes, stock market crashes and booms, or changes in preferences such as changes in
confidence or expectations of non-financial agents. If the demand for commodities is
insensitive to loans (loans and bonds would be perfect substitute, α = 0), (4.1) would
collapse to the standard IS curve: yi,t = −σrt + ηy∗t + ξyi,t. Output is increasing in
government expenditure and net exports. It is decreasing in the interest rate.

The bond rate rt is given by the equilibrium between the demand for bonds from
households and banks and the supply of bonds from investment firms. It is assumed
the bonds market is well integrated in the ten Euro-zone countries such that the return
on bonds are the same. Robustness checks to this assumption will be done.

The interest rate on bank loans is determined by the equilibrium between bank loan
supply and the demand for loans from firms. On the loans market, the demand for
loans is written as:

ldi,t = τrt − χρi,t + ωyi,t + ξl
d

i,t, (4.2)

where ξl
d

i,t is a disturbance term to the loan demand. The demand for loans rises with
the costs of the other form of finance, bond issuance, and the revenue, and decreases
with its cost ρi,t.

The supply of loans lsi,t from commercial banks is positively related to deposits
mi,t − pi,t, own funds Ki,t, wholesale long term debt Wi,t, and negatively to the
opportunity cost of lending rt. It is therefore assumed that deposits and debt funds are
imperfect substitutes in banks’ liabilities. The imperfect substitutability of deposits
and bank long term debt arises because deposits are typically more liquid but limited
while debt funds are more volatile and can be raised more easily. The supply of loans
is:

lsi,t = −λrt + µρi,t + β(mi,t − pi,t) + ζWi,t + ζ1Ki,t + ξl
s

i,t. (4.3)

The variable ξl
s

i,t is a disturbance term to the supply of loans. The parameters β, ζ, and
ζ1 take different values due to their different maturity, liquidity and risk characteristics.
Indeed, banks hold some non-trivial amounts of capital to hedge themselves against risk

13Driscoll (2004) assumes the interest rate on bonds ri,t is the same for all U.S. states. Interest rates
on bonds differ across countries in the Euro-zone (as in Rondorf (2012)). Euro-zone countries bond
market is more segmented.
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(Froot and Stein, 1998). Banks also issue debt to overcome deposit supply constraints
(Diamond et al., 2001) and can thus expand their assets.

The supply of deposits is equal to the demand for money. The demand for money is
a positive function of revenue yi,t and a negative function of the opportunity cost of
holding money, rt − rdi,t (investing this money in government bond holding) and it − rdi,t
(investing this money in bank long term debt). It is thus assumed that bank long
term debt, deposits (liquid assets) and bonds are imperfectly substitutable in agents’
portfolios. The difference arises from maturity, liquidity and risk of each asset. The
aggregate equilibrium for money is written

mi,t − pi,t = γyi,t − δ(rt − rdi,t)− δ′(it − rdi,t) + ξmi,t. (4.4)

The variable ξmi,t represents state specific shocks to money demand. It can be due to
differences in the institutional framework or preferences. For example, differences in the
introduction of ATM across countries, differences in the easiness of payment through
the internet or credit cards across countries may lead to country specific changes in
money demand.

The interest rate on bank debt issuance it is determined by the supply and demand
for bank long term debt. The supply of bank debt is a negative function of deposits
mi,t − pi,t as deposits supply constraints lead banks to increase non-deposit liabilities
(Diamond et al., 2001). Investment opportunities, reflected through yi,t, also affect
positively the amount of debt to issue. Total assets Ai,t affect positively debt issuance
as larger banks are less prone to agency conflicts and asymmetric information (Smith
and Warner, 1979) and can therefore be more leveraged. In addition, given banks’ size
Ai,t, the supply of bank debt is a negative function of country’s riskiness (Rixtel et al.,
2015), reflected in the interest rate on financial assets rt, and the volatility on debt
markets Vt. Debt issuance is expected to be negatively related to banks’ own funds
Ki,t as it can substitute debt issuance. Alternatively, banks that are more capitalized
Ki,t are considered less risky and are more able to absorb risk, and can thus issue more
bonds (Rixtel et al., 2015; Berger and Bouwman, 2013). The supply is also a decreasing
function of its cost it. The equation for the supply of long term debt funding of banks
is the following:

W s
i,t = χ2Ai,t − γ3 (mi,t − pi,t)− χ1Ki,t − ψit + β1yi,t+ηV

∗
t − τ1rt + ξw

s

i,t . (4.5)

The variable ξw
s

i,t is an exogenous shock to the supply of these funds. It captures
variations in the supply bank long term debt that are not due to economic fundamentals.
It could capture, for example, a change in risk perception of banks on that market, or
a change in their preference for liquidity.

Households can invest in bank debt securities W d
i,t. The demand for bank debt is

modeled symmetrically to the demand for deposits. It is thus a positive function of
output yi,t, and a negative function of the opportunity cost of investing in bank debt,
rdi,t − it and rt − it:

W d
i,t = −φ(rt − it)− φ′(rdi,t − it) + γ1yi,t + ξw

d

i,t . (4.6)

The variable ξw
d

i,t is a shock to households preferences for bank long term debt. It can
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arise from a change in market confidence in banks ability to repay its debt.

4.2 The relationship between output and loans

To see the innovation of my model with respect to Bernanke and Blinder (1988), one
can rewrite the model as follows. Clear the loans market by equating (4.2) and (4.3),
solve for ρi,t, and, then, plug the result in (4.1),

yi,t =
1

1 + ωα
χ+µ

{−
[
σ +

α (τ + λ)

(χ+ µ)

]
rt + ηy∗t + ξyi,t

+
α

χ+ µ

[
ξl

s

i,t + ζWi,t + ζ1Ki,t + β (mi,t − pi,t)− ξl
d

i,t

]
}. (4.7)

By assuming that bonds and loans are imperfect substitutes, Bernanke and Blinder
(1988) model permits monetary policy to affect output through a change in loan supply
(α 6= 0 and β 6= 0), i.e. allows for an effective bank lending channel. Since it is assumed
that bank deposits and bank long term debt are imperfect substitutes (ζ 6= 0), bank
long term debt can have real effects as well. Thus, my assumption extends the bank
lending channel to a “wholesale debt funding channel”.

To see how bank funding affects lending and lending affects output, the system of
equations (4.1), (4.2), (4.3), (4.4), (4.5), and (4.6) can be rewritten in the following
way. For simplicity it is assumed rdi,t = 0, as in Rondorf (2012). First, solve for ρi,t in
(4.2) and then plug the result in the aggregate demand (4.1):

yi,t =
1

1 + α
χ
ω

{
−
(
σ +

α

χ
τ

)
rt +

α

χ
li,t + ηy∗t −

α

χ
ξl

d

t + ξyi,t

}
. (4.8)

Loans affect output if loans and bonds are imperfectly substitutable, i.e. if α 6= 0.
Then, in (4.3), replace mi,t − pi,t by its value in (4.4), ρi,t by its value in the loan
demand (4.2), W s

i,t by its value in (4.5), and solve for it by clearing the bank long term
debt market such that equation (4.5) is equal to (4.6). Assume that capital is a fraction
ν of total assets and that the level of capital is exogenous, given by country specific
regulations and characteristics.14 Finally, solve for loans l (lsi,t = ldi,t),

15

li,t = c1rt + c2ξ
m
i,t + c3ξ

ws

i,t + c4V
∗
t + c5yi,t + c6ξ

ls

i,t + c7ξ
ld

i,t + c8Ki,t. (4.9)

If banks’ financial structure does not matter for lending because banks can perfectly
offset the reduction in one type of funds by another, then the coefficients β = ζ = ζ1 = 0,
and thus c2 = c3=0. Then, the bank lending channel is not effective. Money demand
shocks ξmi,t and shocks to bank debt issuance ξw

s

i,t have no effect on loans.
Equation (4.8) shows that output is affected by credit and by the interest rate on

14The Basel regulation imposes that capital should be a fraction of risky assets. Here, I assume all
assets are risky.

15where c0 = χ/ (χ+ µ), b0 = γ3γ + γ1 − β1 a1 = 1/ [(φ+ φ′) + ψ − γ3δ′] , a2 = φ − τ1 + γ3δ,
b = ζ (φ− φ′)− βδ′, c1 = c0 [−λ+ τµ/χ− δβ − φζ + a1a2b] , c5 = c0 [ωµ/χ+ γβ + γ1ζ − b0a1b] ,
c2 = c0 (β − a1γ3b), c3 = c0a1b, c4 = ηc0 [ζ − a1b] , c6 = c0, c7 = c0µ/χ, and c8 = νc0χ2a1b −
χ1a1b+ ζ1.
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government bonds, rt. The interest rate rt captures the liquidity preference channel.
However, (4.9) suggests that loans might also be explained by output. Loans are thus
endogenous to output.

Define centered variables as x̃i,t = xi,t − (1/N)
∑N

i=1 xi,t. By demeaning all variables
by their cross sectional mean, the common effects to all countries are eliminated. The
interest rate channel (since the model concerns a monetary union, the central bank
cannot target a specific state) as well as any Euro-zone wide shocks (such as oil shocks)
are eliminated. In particular, potential common non-linear effects (such as threshold
effects) are eliminated. As a consequence, only country specific variations (linear or
non-linear) remain. The shocks ξji,t, j = {m,ws, wd, ls, ld, y} are idiosyncratic. The
equations (4.8) and (4.9) with cross-sectionally centered variables are

ỹi,t =
1

1 + α
χ
ω

{
α

χ
l̃i,t −

α

χ
ξl

d

i,t + ξyi,t

}
, (4.10)

l̃i,t = c2ξ
m
i,t + c3ξ

ws

i,t + c5ỹi,t + c6ξ
ls

i,t + c7ξ
ld

i,t + c8K̃i,t. (4.11)

In (4.10) loans are correlated with the error terms ξl
d

i,t and ξyi,t. The variable l̃i,t is

endogenous to ỹi,t and, as a consequence, the coefficient on loans l̃i,t in (4.10) is biased.
To deal with endogeneity issues, I use an instrumental variable approach. Assuming
Corr(ξmi,t, ξ

ld

i,t) =Corr(ξmi,t, ξ
y
i,t) = 0 and Corr(ξw

s

i,t , ξ
ld

i,t) = Corr(ξw
s

i,t , ξ
y
i,t) = 0, the shocks

to preferences for deposits ξmi,t and the shocks to bank debt issuance ξw
s

i,t become obvious
choices of instruments and, therefore, loan supply effects can be identified. These
variables are correlated with loans but not with the error in (4.10). This allows the
system to be (over) identified. The assumption on the correlations is reasonable since
both money demand shocks and bank debt issuance shocks are independent of real
output yi,t. My contribution with respect to Driscoll (2004) rests in the variable ξw

s

i,t .
This variable is a second instrument for loan supply. Alternatively, one could also
assume Corr(ξl

s

i,t, ξ
y
i,t) = Corr(ξl

s

t , ξ
ld

i,t) = 0 so that shocks to the supply of loans ξl
s

i,t can

also be an instrument for loans in (4.10). The disturbance ξl
s

i,t measures, for example,
changes in bank regulation.

Then, the two simultaneous equations (4.10) and (4.11) between ỹi,t and l̃i,t are:

ỹi,t = s1l̃i,t + e1,i,t, (4.12)

l̃i,t = s2ξ
m
i,t + s3r̃i,t + s4ξ

ws

i,t + e2,i,t. (4.13)

This system will be estimated in a 2SLS estimation. The error terms in the two stages
are called e1,i,t and e1,i,t. The first stage of the instrumentation (4.13) verifies if country
specific money demand shocks ξmi,t and/or variation in bank preferences for debt issuance

ξw
s

i,t affect country specific loan variation, l̃i,t. Coefficients s2 and s4 statistically different
from zero would imply that banks’ financial structure matters for lending. A value
s2 6= 0 argues in favor of the bank lending channel while s4 6= 0 argues in favor a
wholesale bank debt channel effect. The second stage verifies if country specific loan
variation, instrumented by idiosyncratic shocks to bank funds, affect countries’ output
growth. It also suggests that firms rely on bank credit for investment.
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The next section presents how shocks to bank fundings are constructed and estimated.

5 Estimation of financial shocks

This section unveils the computation of the two financial shocks: shocks to money
demand and shocks to bank long term debt issuance. First, the empirical strategy to
estimate money demand is presented. Then, the strategy to estimate bank long term
debt issuance is exposed.

5.1 Money demand shocks

The shocks to money demand ξmi,t are measured as residuals from the money demand
equation (4.4). Appendix B shows that, at a 90% confidence level, the variables in
the regression are integrated of order one, that is, all series are stationary once first
differenced. Therefore, money demand is best modeled in an error correction framework,
where short and long run deviations can be simultaneously estimated. Compared to
regressions in levels, it avoids possible spurious correlation of highly trended variables.
Using first differences would omit the long run relationships between variables, and the
omitted long run variables would then be captured in the error term. Then, estimated
money demand shocks would be biased and the model would be misspecified.

Therefore, I estimate (4.4) using an error correction framework, augmented with
a lagged dependent term, as in Rondorf (2012). The model is based on Pesaran and
Shin (1999). The short and the long run dynamics are assumed to be the same across
countries.

Fixed effects are included in the regression as they allow to account for the long
run heterogeneity of countries (such as different trends).16 The Nickell bias (Nickell,
1981) arises in dynamic panel data models with fixed effects. The inclusion of a fixed
effect term combined with the dependent lagged variable in the set of explanatory
variable creates a correlation between the error term and the lagged dependent variable.
Therefore, the coefficient will be biased. Here, the Nickell bias can be neglected because
the time series length is large (T=64) and the cross section length relatively small
(N=10 countries). The Akaike Information Criterion (AIC) criterion suggests taking
two lags of each variable.17

The model to be estimated is a dynamic fixed effect model:

∆Ỹi,t = µi − c0Ỹi,t−1 + c1X̃i,t−1 + c2∆Ỹi,t−1 +
1∑
s=0

c3∆X̃i,t−s + ξmi,t, (5.1)

where the variable Ỹi,t is the dependent variable (m̃i,t − p̃i,t) and X̃i,t is the set of
explanatory variables in the centered money demand equation (4.4). The variables
µi denotes country specific fixed effects. The ratio c1/c0 corresponds to the long run
income elasticity of money demand.

16The Hausman test strongly rejects the null hypothesis according to which there is no fixed effect.
The statistic is χ2(5) = 31.02∗∗∗ over the whole period studied.

17The Akaike criterium was chosen with maximum lag order four.
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The Euro-zone is a common monetary union and the interest rate is considered
exogenous for each country.18 Consider the model with no bank lending channel, which
boils down to the IS-LM model. It predicts that any shock to money demand in
one country is automatically accommodated, so that output is left unchanged. Real
balances increase in this country and decrease in all others. Hence, any country specific
shock to money demand is translated into higher deposits but the story ends here.
Money demand shocks do not affect output through a change in bank lending. There
is thus no endogeneity problem between money and output in the money demand
equation. However, under the hypothesis of a lending channel, the change in deposits
in country i will change lending and output in country i, such that money demand
shocks and output are correlated. Therefore, money demand shocks will be biased.
Precisely, Ordinary Least Squares (OLS) are based on the assumption that regressors
are uncorrelated with the residuals. Under the hypothesis of a lending channel, this
assumption fails. Hence, with OLS, the results will always be that no bank lending
channel exists. To avoid this potential bias, contemporaneous output growth in (5.1) is
instrumented.19

To confront endogeneity issues with an instrumental variable approach, two con-
ditions have to be met. First, the instrument has to be sufficiently correlated with
the endogenous variable. Insufficient correlation tends to increase the bias of the
instrumental variable estimate. Second, the instrument has to explain the dependent
variable, money growth, only through the endogenous variable, output growth, and
must be uncorrelated with the error term in (5.1). I instrument output growth by
the contemporaneous level of exports, cross-sectionally centered, X̃i,t. A high level
of exports exposes a country to foreign activity, increasing economic fluctuations. In
addition, I postulate that they explain the level of money only through output growth.

A two stage least square (2SLS) robust fixed effect estimation technique is imple-
mented. This is the baseline specification. In the first stage, I regress output growth on
the instrument, X̃i,t, and on all exogenous variables in the money demand. Then, the
predicted value from the first stage is used instead of output growth, the endogenous
variable. Appendix C presents the results of the 2SLS estimation of money demand (5.1)
from 1999Q1 to 2008Q2 and from 1999Q1 to 2014Q4 in the ten Euro-zone countries. It
also displays the results of the money demand estimation, with no instrumentation of
output growth. As a robustness check to the assumption on the equality of bond rates
rt in the Euro-zone, the estimation with heterogeneous bond rates are also reported.
The country specific bond rates are then measured by the ten year government bond
yield.

Concerning the first stage of the 2SLS money demand estimation, the F test is
larger than the threshold level of 10 given by the “rule of thumb” (Staiger and Stock,
1997), which indicates that the maximum bias of the instrumental variable estimator
is less than 10% of that of the OLS estimator. According to the “rule of thumb”, the
instrument is sufficiently correlated with the endogenous variable and exports are said
to be strong instruments.

Turning to the estimation of the money demand, the coefficients associated with the
error correction terms confirm the cointegration relationship in all specifications, when
output is or is not instrumented by exports. The error correction term suggests that

18Consider small open economies with fixed exchange rates.
19Notice that the results may be different when lags are included and errors are serially correlated.
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the rate of convergence of variables to their long run trend is slow. The magnitude
of the long run coefficients on output, interest rates and the error correction term are
in line with earlier contributions on the Euro-zone money demand (Rondorf, 2012).
Regression (II), the regression in which bond rates are heterogeneous, corresponds
to the exact specification in Rondorf (2012). Over the same period of estimation, in
the pre-crisis period, the coefficient associated with the long run effect of output and
interest rates are the same. The long run output elasticity of money demand is 1.84.
The speed of adjustment is 0.08. The coefficients in Rondorf (2012) are respectively,
1.44 and 0.09. Before the crisis, the long run interest rate semi-elasticity of money
demand has the right sign but is not significant. The small differences in results may
be attributed to the revision of the data. When output growth is instrumented, there
are slightly higher long run elasticities of output.

In the baseline specification (I), before the crisis, the long run income elasticity of
money demand is 1.58. It is 1.41 over the whole period. The short run estimates of out-
put growth are not significant, while they are when output growth is not instrumented.
This possibly indicates that there was indeed an endogeneity issue.

As shown in Appendix G, the residuals in the money demand are equally spread
around the zero line.

5.2 Bank debt issuance shocks

In the extension of Bernanke and Blinder (1988) model developed above, the determi-
nants of bank long term debt issuance are described by

W̃ s
i,t = χÃi,t + β1ỹi,t − χ1K̃i,t − γ3 (m̃i,t − p̃i,t) + ξw

s

i,t . (5.2)

The set of country specific determinants used in the regression of bank debt issuance
are similar to the ones in Rixtel et al. (2015)’ country specific regression, once variables
are centered around their cross sectional mean, with a two exceptions. First, they do
not include total deposits in their country specific analysis due to data limitations.
Second, bank stock market value is used as a regressor in their country analysis. The
authors argue that larger values of bank stocks increase bank equity issuance and, thus,
banks can issue more bonds (since they can absorb risk better, see Rixtel et al. (2015)).
Equity is considered exogenous in my theoretical model.

Appendix B shows that, at a 90% confidence level, the variables in the regression are
integrated of order one, that is, all series are stationary once first differenced. Short and
long run deviations should be simultaneously estimated to capture an unbiased error
term, used to measure the shocks, ξw

s

i,t . Hence, in contrast with Rixtel et al. (2015), I
estimate (5.2) using a dynamic fixed effect model in which all (semi) elasticities are the
same for all countries, as in the model for the money demand (5.1). Fixed effects are
included as the Hausman test strongly rejects the null hypothesis that there should
not be fixed effects in the dynamic model.20 Two lags of each variable are included
according to the AIC.21

Note that I assume that both output growth and asset growth, affect the short
run deviations of bank debt issuance. Indeed, Adrian and Shin (2010) argue that

20The statistic χ2(14)=43.01*** from 1999Q1 to 2014Q4. It is χ2(17)=42.19** when I use country
specific interest rate on bonds.

21The Akaike criterium was chosen with maximum lag order four.
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commercial banks target a fixed leverage ratio. Banks that grow faster issue more debt
due to leverage targeting.22 Hence, the growth of bank leverage and the growth of bank
assets are strongly positively correlated. Furthermore, debt leverage is pro-cyclical,
suggesting that debt increases during booms and decreases during crises (Adrian et al.,
2012). This is in contrast with Rixtel et al. (2015) who assume both variables affect
the long run level of bank debt issuance.

Appendix D reproduces the baseline country level regression in Rixtel et al. (2015),
before the Lehman collapse, using country level data. It compares the results with
the ones estimated in Rixtel et al. (2015), in which they use the sum of debt issuance
over a sample of banks per country. Except for total assets, the regressions display
disparate results. The differences are attributable to the missing variables (bank stocki,t
is not included due to data limitations) and to the differences in the sample of banks.
During the period 2005 to the end of 2013, the sum of assets of their selected sample
is only one fifth of the ten country sample. Moreover, between 2005 and 2008, debt
issuance represents 1% of total assets in their bank level sample while it represents
15% in my country level sample. Given these major differences, using country level
data, the explanatory power of the regression is poor, and most variables are not
significantly different from zero. This further motivates the use of an alternative
empirical specification.

In addition to differences in the modeling and the inclusion of variables, an endogeneity
bias between debt issuance and output is considered. Indeed, reverse causality problems
may arise. Banks may reduce wholesale debt because economic activity is low. Moreover,
a fall in bank debt issuance reduces investment opportunities and thus may reduce
economic activity. As in the money demand, an instrumental variable approach with
2SLS is used to correct for endogeneity of output. OLS estimates of residuals are biased.
They are, by assumption, uncorrelated with output which will yield to the result that
the bank debt issuance shocks do not affect output through lending. Instrumentation
allows one to detect a possible “wholesale debt funding channel”.

Output growth is instrumented with five instruments: the second lag of output
growth, ∆ỹi,t−2, current and lagged level of exports, X̃i,t and X̃i,t−1, and by the first
and third lag change of the domestic credit to GDP gap ratio (∆gapt, ∆gapt−3). The
second lag of output growth is expected to be correlated with contemporaneous output
growth. It is less likely that bank debt issuance affects past levels of output, although
it is not excluded that, output falls due to an expected decrease in future bank debt
issuance. Lagged and current levels of exports are highly correlated with output, and
should explain bank debt issuance only through their increase in economic activity.
The variable gapt is the change in the ratio of credit to output from its long run
trend, as measured by the European Systemic Risk Board (ESRB). It measures either
excessive growth or low output growth and, is therefore a country specific indicator of
macro-economic vulnerabilities. This variable is considered as a reliable early warning
indicator for crises (Alessi and Detken, 2014). Therefore, ∆gapt should measure the
speed at which excessive credit growth changes. It is expected to be highly related to
future output growth. In an alternative scenario, it is possible that the speed at which
lending grows raises bank liquidity or maturity concerns, and leads to a change in bank
debt issuance. However, the validity of an instrument requires that it is correlated
with the dependent variable only through the endogenous variable. Given the five

22Marsh (1982) also shows that firms in the UK tend to target debt levels.
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instruments and the single endogenous variable, the model is said to be over-identified.
Endogeneity test can then be constructed for the instruments and determine if the
instruments are uncorrelated with the error term in the structural equation of debt
issuance on output (test for over-identifying restrictions).

Table 5.1 – Debt determinants (1999Q1-2014Q4)

Dynamic Fixed Effects Dependent variable: ∆W̃i,t
Second stage No instrumentation

(I) (II)

Error correction -.033*** -.031*** -.027*** -.026***
(.009) (.009) (.005) (.004)

(m̃i,t−1 − p̃i,t−1) -.113*** -.122*** -.090* -.096*
(.035) (.037) (.045) (.047)

Ãi,t−1 .072*** .069*** .065*** .062***
(.022) (.023) (.016) (.014)

K̃i,t−1 -.020* -.017 -.031** -.028**
(.011) (.011) (.013) (.012)

ỹi,t−1 .193** .178** .145 .134
(.080) (.083) (.111) (.108)

r̃i,t−1 -.001 -.000
(.001) (.001)

∆ỹi,t -.439 -.454 .571* .550**
(.828) (.787) (.260) (.226)

∆ỹi,t−1 .027 -.007 .270 .239
(.302) (.296) (.213) (.177)

∆Ãi,t .467*** .473*** .411*** .418***
(.081) (.079) (.126) (.126)

∆Ãi,t−1 -.031 -.037 -.045 -.049
(.082) (.081) (.057) (.057)

∆(m̃i,t − p̃i,t) .140 .126 .129 .118
(.150) (.147) (.093) (.091)

∆(m̃i,t−1 − p̃i,t−1) -.297*** -.296*** -.322*** -.321***
(.075) (.074) (.055) (.047)

∆K̃i,t -.051 -.048 -.057 -.055
(.050) (.049) (.047) (.050)

∆K̃i,t−1 -.017 -.029 -.011 -.022
(.037) (.038) (.042) (.039)

∆r̃i,t -.004*** -.004*
(.002) (.002)

∆r̃i,t−1 .006*** .005***
(.002) (.001)

∆W̃i,t−1 .368*** .367*** .381*** .381***
(.050) (.050) (.050) (.053)

Constant .000 .000
(.000) (.000)

Observations 600 600 620 620
log(likelihood) 1155.99 1160.51 1202.33 1206.74
R2 .315 .325 .339 .348

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are in parenthesis.
x̃i,t = xi,t − (1/N)

∑N
i=1 xi,t, where xi,t is deflated per capita and in log,

except for the interest rates.

The Hansen J test, displayed in Appendix E together with the first stage results,
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gives confidence that the set of instruments are valid. According to the Hansen J test,
I do not reject the null hypothesis that the set of instruments are jointly uncorrelated
with the error term.23 The Kleibergen-Paap Wald rk F statistic is also reported. This
statistic is the robust counterpart of the F test with multiple endogenous variables
(Cragg-Donald Wald test). Over the whole sample, it is larger than the threshold
value of 5.25, indicating that the maximum relative bias of the instrumental variable
estimator is less than 30% (see Staiger and Stock, 1997). Before the crisis, this value is
larger than 5.25, suggesting that the maximum relative bias is larger than 30%. Since
the relevance of the instruments may be questionable, the remainder of this chapter
presents the results, with and without the instrumentation of output.

Table 5.1 displays the results from the estimation of bank debt issuance determinants,
from 1999Q1 to 2014Q4. In the baseline specification (I), I correct for the endogeneity
of output. Specification (II) presents the results in which output is not instrumented.
In the second column of each specification, I test the robustness of the results to the
equality of bond rates in the Euro-zone. Appendix E shows the estimates of bank debt
issuance determinants before the crisis.

The coefficients associated with assets, deposits, and output in the long run, and
asset growth are larger once the endogeneity bias is potentially corrected for, suggesting
that there was a downward bias on these variables. The long run elasticity of capital
decreases once output is instrumented. In addition, the long run level of output becomes
significant while output growth is no longer significant.

The error correction term is negative and highly statistically significant in all the
specifications of Table 5.1, indicating that debt issuance responds to deviations from
the long run equilibrium. It confirms that there is a cointegrating relationship between
the variables such that they converge to the same long term trend. The speed of
adjustment of the short run deviations from their long run trend is slow. It is equal to
-0.033 in the benchmark estimation, the first column of specification (I). The coefficient
associated with deposits level m̃i,t−1 − p̃i,t−1 has the expected sign. It is negative,
large and statistically significant. Therefore, deposit supply constraints, in the long
run, do affect bank debt issuance choice. Bank debt issuance is positively correlated
with countries’ wealth ỹi,t−1. This evokes that banking sectors in wealthier countries
vary their debt by more. The elasticity of bank long run own funds K̃i,t−1 is negative,
indicating that capital and debt issuance are substitutes in banks’ financing choice
rather than complements. The growth of total assets ∆Ãi,t is positively and significantly
associated with bank debt issuance. It supports the leverage targeting theory according
to which banks raise relatively more debt when they grow more quickly. In addition,
total assets is positively correlated with bank debt issuance, supporting the asymmetric
information theory predicting a positive relationship between bank debt issuance and
bank size. The lagged variation of debt issuance is highly significant and positive,
suggesting that there is some persistence in banks’ debt issuance. Banking sectors that
raised debt yesterday are more likely to do so today. Finally, the R2 statistic shows
that 32% of the variance of bank debt issuance variation is explained by the model in
which output is instrumented.

The second column of specification (I) and the second column of specification (II)
of Table 5.1 show that the results are robust to the hypothesis on country specific
differences in bond rates. The estimated speed of adjustment to the long run trend

23Precisely, we cannot reject the null hypothesis that the over-identifying restrictions are valid.
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remains very similar. The size and significance of variables are the same as in the
benchmark estimation with one exception in the 2SLS specification (I), the level of
capital no longer affects bank debt issuance. It is not excluded that capital is related
to the change in risk on markets, when interest rates are not included in the regression.
The columns also show that short run variations in the interest rate on bonds negatively
affect debt issuance. The coefficients on the variation of bond rates are statistically
different from zero. This indicates that country specific interest rates on the bonds
market are important short run determinants of long run bank debt issuance. Thus, low
interest rates variations are associated with higher risk taking and more debt issuance.

Appendix E shows that all the results hold before the crisis. The size and significance
of the (semi) elasticities are stable, with the exception that output and capital levels
do not significantly affect bank debt issuance.

Appendix G also assesses the model adequacy through the plot of the residuals
against the predicted values in all of the regressions, both before the crisis and including
the whole sample. The residuals are spread approximately equally across the predicted
dependent variable with some large values, in both periods studied. Nevertheless, there
is no systemic pattern.

5.3 Analysis of shocks

Figure 5.1 graphs the residuals of bank debt issuance ξw
s

t and money demand shocks ξmt
through time, considering the baseline specification, hence, with output instrumented,
and bond rates equal across countries, estimated over the whole time frame. The shocks
are spread equally around the zero line and their variance is homogeneous along the
timeline, except for some isolated points. The variance of money demand shocks ξmt
through time is, on average, smaller than the variance of the debt issuance shocks ξw

s

t .

Figure 5.1 – Financial shocks
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6 Results, linear estimation

This section investigates the relationship between loans supply and output. I first
present the linear estimation of output on loans. I then present the results from the
2SLS estimation, in which shocks to bank debt issuance and bank deposits are used
as instrumental variables. These shocks are measured by residuals from the dynamic
panel estimations of the money demand and the bank debt issuance.

Appendix B shows that loans and output are non-stationary. Hence, I take first
differences of variables. According to the Hausman test, fixed effects are included in
all the regressions. Indeed, fixed effects can capture country specific variations that
are not taken into account by other variables in the model. For example, they can
capture the different trends in output growth of the different countries. In addition, as
indicated by the country specific AIC, two lags are included in the regressions.24 It
reflects the fact that the macroeconomic series of output and loans adjust slowly.

Table 6.1 verifies the relationship between output and bank loans. Columns (a)
correspond to the regressions in which government bond rates are considered to be the
same in all countries. Columns (b) show the regressions in which heterogeneous bond
rates have been included. Before the Lehman collapse, the first lag of loan growth is
statistically and positively correlated with output growth. Over the whole period (until
2014Q4), lending is significantly and positively correlated with output. The coefficient
on the second lag of loans is negative, and statistically significant. In the specification
(a), an increase in the contemporaneous growth rate of loans above the Euro-zone mean
of one percentage point in country i corresponds to an increase in the growth rate of
real GDP by .057 percentage points above the Euro-zone average. Since the growth
rate of real GDP per capita is on average 0.2% during the whole period studied and
since loans vary by 1.6 percentage points around the average, loan variation can have
rather important effects on output growth. However, the estimates are likely to be
biased due to reverse causality problems. Both demand and supply effects can affect
the correlation between bank credit and output. Therefore, this regression does not
allow one to conclude that causality effects resulted.

To control for the endogeneity of loans, I use a 2SLS estimation with two instruments.
Section 4 shows that shocks to money demand ξmi,t and shocks to bank long term debt
funding ξw

s

i,t can theoretically be used as instruments for loan supply. The coefficients to
be estimated are said to be over-identified as there is one endogenous variable and two
instruments. This is in contrast with Driscoll (2004) and Rondorf (2012), who use only
shocks to money demand as an instrument. As noted in Section (5), instrumentation
helps to deal with endogeneity issues if they satisfy two conditions, sufficient correlation
and exogeneity.

Adding instruments allows to increase the precision of the estimates, and to improve
the 2SLS estimator efficiency. The literature suggests that unstable bank liability
items such as wholesale funds are important determinants of loan supply. Furthermore,
over-identification allows for the construction of an endogeneity test for the instruments
and determine if the instruments are uncorrelated with the error term in the structural
equation of output on loans (test for over-identifying restrictions). Nevertheless, it is
important to make sure that the additional instrument is sufficiently correlated with the
endogenous variable, since weak instruments increase the bias of the 2SLS estimator.

24The Akaike criterium was chosen with maximum lag order four.

24



Table 6.1 – OLS regression of output on loans

OLS with FE Dependent variable: ∆ỹi,t
(a) (b) (a) (b)

1999Q1-2008Q2 1999Q1-2014Q4

∆l̃i,t -.029 -.034 .057** .059*
(.023) (.025) (.025) (.028)

∆l̃i,t−1 .033* .032** .034 .033
(.017) (.014) (.021) (.020)

∆l̃i,t−2 -.045 -.034 -.057** -.055**
(.026) (.028) (.021) (.022)

∆ỹi,t−1 -.344*** -.338*** -.197*** -.205***
(.064) (.054) (.055) (.055)

∆ỹi,t−2 -.105** -.106*** .022 .014
(.037) (.030) (.036) (.036)

∆r̃i,t -.001 -.001
(.005) (.001)

∆r̃i,t−1 -.010 .000
(.008) (.001)

∆r̃i,t−2 -.001 -.000
(.004) (.000)

Constant -.000*** -.000*** .000*** .000***
(.000) (.000) (.000) (.000)

Observations 350 350 610 610
R2 .109 .126 .063 .068

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are
in parenthesis. Variables are described in Table 5.1.

The definition for sufficient correlation is developed in Staiger and Stock (1997). It
defines a threshold level for F-test values such that instruments are considered as weak.

Tables 6.2 and 6.3 present the results from, respectively, the first and the second
stage linear estimation. The baseline regression (I) consider financial shocks that
are constructed instrumenting output growth. Specification (II) does not consider
endogeneity issues between output and money and output and bank debt issuance.

Considering the baseline specification (I), Table 6.2 shows that contemporaneous
money demand shocks, are positively correlated with loan supply variation from 1999Q1
to 2008Q2, and are highly significant. Therefore, an exogenous increase to bank deposits
increases the aggregate loan supply. This result confirms the findings in Rondorf (2012)
that bank funds are imperfectly substitutable in the Euro-zone from 1999Q1 to the
Lehman collapse. An increase in money demand shocks of one percentage point above
the Euro-zone mean increases loans’ growth by 0.093 percentage points above the
Euro-zone average in the first quarter. This effect is not negligible, even if money
demand shocks are small.

The coefficient on contemporaneous shocks to money demand have no statistically
significant effect on loans once the crisis and subsequent periods are included in the
estimation. Only the coefficient associated with the second lag is significant at the 95%
confidence level. In contrast, the coefficients on contemporaneous shocks to bank debt
issuance are positive and significant in all of the periods considered. In the baseline
specification, before the financial turmoil, an increase in shocks to bank debt issuance
of one percentage point in country i corresponds to an increase in the growth rate of
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Table 6.2 – First stage IV regression: Loans on financial shocks

OLS with FE Dependent variable: ∆l̃i,t
Instrumentation No instrumentation

(I) (II)
(99Q1-08Q2) (99Q1-14Q4) (99Q1-08Q2) (99Q1-14Q4)

ξmi,t .093*** .035 .113*** .037
(.023) (.027) (.027) (.027)

ξmi,t−1 -.048* .014 -.046* .016
(.022) (.016) (.025) (.016)

ξmi,t−2 -.002 .059** -.002 .064**
(.020) (.020) (.023) (.022)

ξw
s

i,t .054** .087** .045*** .068***
(.018) (.035) (.011) (.021)

ξw
s

i,t−1 .028 .034* .036 .036*
(.025) (.016) (.022) (.018)

ξw
s

i,t−2 .025 .030 .021 .029
(.019) (.029) (.028) (.033)

∆ỹi,t−1 -.028 -.043 -.004 .013
(.111) (.064) (.120) (.047)

∆ỹi,t−2 -.286** -.136 -.230 -.052
(.119) (.107) (.131) (.079)

Constant -.000*** .000*** -.000*** .000***
(.000) (.000) (.000) (.000)

Observations 320 580 340 600
R2 .115 .062 .109 .046
Hansen J test, df=5 7.89 5.38 1.75 3.41
Finstr 4.84*** 6.06*** 5.27*** 4.60***
Fξm 4.50*** 1.91 5.90*** 2.20*
Fξws 4.72*** 9.26*** 3.99*** 6.36***

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are in parenthesis. Variables are
described in Table 5.1.

real loans of 0.054 percentage points above the Euro-zone average. These estimates
are 1.6 times larger in the estimation including the whole time frame. Moreover, they
are more persistent. Indeed, there is a significant and positive effect of the first lag
of bank debt shocks from 1999Q1 to 2014Q4. Thus, the results show that changes in
bank preferences for long term debt were a significant driver of loan supply, and more
so during the last financial turmoil. The findings suggest that the bank wholesale debt
funding channel became important after the Lehman collapse for loan supply decisions.
This supports the theory according to which wholesale fundings may have contributed
to the severity of the crisis.

The Hansen J test of over-identifying restrictions shows that, at the 99% confidence
level, at least some of the instruments are exogenous.

The estimation results in (II), in which the shocks are constructed without an instru-
mentation of output growth, confirm the results from the baseline specification. The
coefficients associated with money demand are slightly larger and the ones correspond-
ing to debt issuance shocks are slightly smaller. Additionally, Appendix F shows that
all the results are robust to the assumption on the bond rates. It also shows that, from
1999Q1 to 2014Q4, contemporaneous interest rates affect output significantly.
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I now turn to the analysis of the strength of the instruments. Regarding the regression
including the whole time frame, the joint F statistic in specification (II) is higher than
in specification (I). The attempt to correct for endogeneity bias between output and
money, and output and debt issuance gives estimates of financial shocks that have
jointly more explanatory power on loan growth. On the contrary, before the crisis, the
joint F test over all the excluded instruments is larger in specification (II), that is,
without the instrumentation of output in the construction of the shocks. According to
the “rule of thumb” (Stock and Yogo, 2005), to reject the null that the instrumental
variable is weak, the F test on the joint restriction of coefficients associated with the
instruments has to be larger than ten. In all of the specifications in Table 6.2, the
F test is smaller than ten. However, before the Lehman collapse, the F test on the
excluded debt shocks is close to 10 and, as shown in Appendix F, becomes larger
than 10 once heterogeneous bond rates enter the regression. Thus, in the baseline
specification (I), we can reject the null hypothesis of irrelevance of the shock to debt
issuance instruments ξw

s

i,t before the crisis.
Consider now the second stage of the instrumentation. As displayed in Table 6.3, the

baseline regression (I) shows that loan supply affects output positively and statistically,
before and including the crisis. Before the Lehman collapse, the correlation of current
loan growth with output growth is equal to 0.239 and is statistically significant. When
the crisis and subsequent period are included in the regression, an increase in the growth
of loan supply of one percentage point above the Euro-zone average in the country i
yields to a significant increase in the growth rate of output of 0.599 percentage points
above the Euro-zone mean. This is twice larger than before the crisis. Additionally,
the second lag of loan growth is found to be negative and statistically different from
zero in the long run.

It should be noted that the value of the estimated coefficients in the baseline
regression (I) contrasts with specification (II), the regression in which financial shocks
are constructed not taking into account potential endogeneity bias between output,
debt issuance and money. In the regression (II), contemporaneous loan growth is not
statistically significant. The coefficients associated with loan growth estimated over
the whole period is 0.199, and it is equal to -0.007 before the crisis.

Hence, by attempting to confront endogeneity issues, the results point out that
positive changes in loans that arise from a change in the preferences of banks for debt
issuance and exogenous changes in deposits are significantly and positively associated
with changes in output in the Euro-zone between 1999Q1 and 2014Q4. This result is
driven by a strong positive relationship after the crisis of 2008.

The results on the significance, the sign, and the size of the coefficients in the baseline
specification (I) are robust to the assumption on the heterogeneity of the bond rate
over the whole sample. This can be verified in Appendix F. However, before the crisis,
the coefficient associated with contemporaneous loan growth is lower and no longer
significant.

The residual plot of the baseline regressions in the first and second stage, and
Wilk test of normality are reported in Appendix G. Residual plots do not reveal
any non-linear functional pattern. Residuals are centered around zero and equally
spaced around the zero mean. Their variability is larger than the predicted variable
in both the first and second stage estimations. Although the residual plot does not
suggest potential non-linearities, results from the linear estimation are driven by strong
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Table 6.3 – Second stage IV regression: Output on loans

OLS with FE Dependent variable: ∆ỹi,t
Instrumentation No instrumentation

(I) (II)
(99Q1-08Q2) (99Q1-14Q4) (99Q1-08Q2) (99Q1-14Q4)

∆
ˆ̃
li,t .239* .599** -.007 .199

(.128) (.222) (.100) (.195)

∆
ˆ̃
li,t−1 .049 -.197 -.011 -.152

(.095) (.130) (.100) (.156)

∆
ˆ̃
li,t−2 .080 -.192*** .114* -.057

(.092) (.058) (.059) (.071)
∆ỹi,t−1 -.389*** -.198** -.343*** -.196**

(.111) (.071) (.081) (.068)
∆ỹi,t−2 -.037 .071** -.061* .032

(.045) (.028) (.029) (.032)
Constant -.000 .000*** -.000*** .000***

(.000) (.000) (.000) (.000)

Observations 300 560 320 580
log(likelihood) 1060.803 1960.706 1132.150 2015.189
R2 .131 .115 .096 .046

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are in parenthesis. Variables
are described in Table 5.1.

parametric assumptions. In contrast, non-parametric regressions let the data reveal
the information on the distribution, instead of imposing one.

The Shapiro Wilk test of normality rejects the hypothesis of normally distributed
data. The kernel estimate shows that the distribution kurtosis is too large relative to
a standard normal distribution. While the OLS method does not produce a bias in
the estimates when residuals are not normally distributed, the estimates are no longer
efficient (the standard errors with OLS are no longer the smallest). Although robust
standard errors can compensate for the standard errors, this potentially justifies the
use of non-parametric regressions.

7 Investigation of non-linearities: non-parametric
instrumental variables

The literature suggests that unstable bank liability items such as wholesale funds can
raise uncertainty and systemic risk, and thus can be a source of non-linearities in
economic fluctuations. In this section, the validity of the linear functional form is
tested by estimating the two stage instrumental variable regression with non-parametric
techniques.

Assuming a parametric form may lead to wrong conclusions. For example, parametric
models give estimates that look more precise than they really are since the parametric
estimates are based on the assumption that the parametric form is correct. The
relevance of the parametric form imposed is particularly important in this study as
the literature pointed out potential non-linearities in the relationship between bank
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funding shocks, loans and output. Specification testing does not eliminate the risk of
misspecification of the model as a failure to reject a model does not imply that it is
the correct one. Moreover, the parametric model assumes the model does not change
with the sample size. Non-parametric models do not assume so. In particular, non-
parametric techniques are data driven methods that feature the information available
from the data, without imposing any functional forms.

There are very few applied studies using non-parametric instrumental variables
(NPIV). Only recently has the econometric literature gained interest on NPIV techniques.
Horowitz (2011) shows that NPIV can be estimated in the same way as in the linear
estimation. The reduced form R2 statistic provides information on the likelihood to
find non-linearities in a non-parametric instrumental variable regression. Low R2 are
associated with large variance of non-linear coefficients (Newey, 2013). Therefore, the
introduction of the second instrument increases the probability to find non-linearities,
if they exist.

In this section, I use a class of model called Generalized Additive Models (GAM).
This type of model allows covariates to non-linearly affect the dependent variable,
while keeping the additivity between each regressor function in the regression. A
major advantage of additive modeling is that it helps with the problem of “curse of
dimensionality” that is associated with continuous random variables (i.e., the variance
of the estimator increases with the dimension of the X). It can be shown that the
statistical performance of the regression estimator decreases as the number of predictors
in the kernel regression increases, i.e., the rate of convergence becomes slower (Haerdle,
1990). The specification is the following: Yit = α+ Σdmd(Xdit) + eit, where i = 1, ...n
and t = 1, ...T . It is assumed that the covariates are exogenous (E[eit | Xdit] = 0, for all
d). The variables Yit and Xit are a random sample, eit are identically and independently
distributed with mean zero and finite variance. Considering a uni-dimentional regression
(d = 1), and exogenous X’s,25 the conditional expectation of Y on X, E [Yit | Xit], is
just the function md(Xit). Since conditional expectations are functions of densities and
conditional densities, it is possible to estimate this function using densities. Intuitively,
the functions md(), called the regression functions, are estimated by dividing the sample
Xd into small intervals, and fitting these small intervals using kernel density estimates
as weights for the fit. The size of the interval, called the bandwidth, is crucial for the
result of the estimation.26 The cross validation method, standard in the non-parametric
literature, is used to calculate the bandwidth.27 The data is fitted with Gaussian
kernels estimators with local linear regression. The backfitting algorithm then fits the
additive components (the model) to the data. Therefore, the non-parametric model is:

4l̃it = mξw
s

i,t
(ξw

s

i,t ) +mξmi,t
(ξmi,t) + e1,it, (7.1)

4ỹit = ml̃it
(4l̃it) + e2,it, (7.2)

25Severini and Tripathi (2012) relax the assumption of exogenous regressors but then the function
m() may not be uniquely defined.

26A bandwidth that is too small reduces the asymptotical bias of the estimator but increases the
asymptotical variance. Inversely, a bandwidth that is too high reduces the variance but increases
the bias.

27See Li and Racine (2007) p.83 for further details.
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7.1 Non-parametric estimations

The literature points out potential non-linearities in the relationship between loans
and output due to banks’ large reliance on wholesale funding. Here, I analyze if a
loan supply variation above or below the Euro-zone mean in country i, measured by
country specific financial shocks, can affect output non-linearly. The non-linearities are
country-specific and are in the sense that the response of output to small loan supply
variations is distinguished from large variations. The non-parametric techniques allow
to have different marginal effects at each point of the data. As in the linear regression,
two lags of each variable are included in each of the regressions.

The non-parametric regressions of the first stage, before 2008Q2 and over the whole
period, are displayed in Appendix H. From 1999Q1 to 2008Q2, the marginal effects
estimated with non-parametric techniques are larger than the linear estimate for
positive variations of debt issuance shocks. Concerning negative values of debt issuance
shocks, the confidence interval of the non-linear estimate does not incorporate the
linear regression. The non-parametric prediction for negative variations of debt shocks
is smaller than the linear prediction, and is not statistically significant, as it includes
the zero line. The non-parametric prediction of the effect of money demand shocks on
loans is larger at all data points except variations smaller than -0.05 percentage points
below the Euro-zone mean.

Figure 7.1 – Non-parametric estimation of the second stage (1999Q1-2014Q4)

Note: The variables
̂̃
li,t is the predicted value from the non-linear first stage regression, as

specified in the baseline regression.

Turning to the estimation over the whole time period, the first stage non-parametric
prediction of the effect of financial shocks on loans matches the linear prediction. Money
demand and debt issuance shocks have a positive and statistically significant effect on
loan growth.

The data driven method second stage estimation before the Lehman collapse is in
Appendix H. It depicts a correlation between loans and output weaker than the one
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from the linear prediction.
Figure 7.1 displays the non-parametric and the linear estimations of output on

current and lagged loans, over the whole time sample. Both linear and non-parametric
techniques show a positive and significant correlation between loan supply and output.
The non-parametric confidence interval includes the linear estimation except for varia-
tion of loans that are smaller than 0.01 percentage point above the Euro-zone mean.
Thus, according to the non-linear estimates, the effect over this range of loan variation
is weaker than predicted by the linear estimate. Finally, the non-linear estimate lagged
loan variation matches the one predicted by the linear regression.

8 Conclusion

This study investigates how long term bank debt affects lending and the consequences
for output. I estimate a linear two stage least square model with two instruments,
shocks to money demand and shocks to bank long term debt issuance. Both shocks are
constructed by estimating the money demand and bank debt issuance determinants
with an error correction framework. In both estimations, output growth is instrumented.
I find that both shocks are important determinants of loan supply in the Euro-zone
between the first quarter of 1999 to the last quarter of 2014. Bank long term debt
shocks have a particularly larger impact during and after the last financial turmoil.
This confirms the suggestions found in the literature that disruptions on the wholesale
market have larger impact on the economy during crises than in normal times. In
addition, I find evidence that country specific variation in loan supply leads to country
specific variation in output. The strength of the response is larger after the Lehman
collapse. Finally, I test for the validity of the linearity assumption in the two stage
least square estimation by using non-parametric instrumental variables. The results
confirm the assumption about linearity of the functional form.

There are several extensions to this study. First, stronger instruments of output
growth in the construction of bank debt issuance may help to better capture the
relationship between bank debt issuance shocks, loan supply and output. Second,
non-parametric instrumental variable methods, such as confidence intervals calculation,
are still under explored and future research may contribute to the better detection of
non-linearities. Third, one could measure changes in banking regulation and use it as
an additional instrument. Fourth, the question of the existence of potential common
non-linearities should also be investigated as the literature points towards possible
threshold effects.
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A Balance sheet composition

Tables A.1 and A.2 classify balance sheet items according the European Central Bank
classification, and in increasing order of the coefficient of variation.

Table A.1 – Banks Liabilities, shares (%) (1999Q1-2014Q4)

Variable Mean % Std CV
Total Liabilities 100% 100 .998
Total deposits, excl. MFI 33.894 8.987 .265
(Domestic deposits, excl. MFI) (31.801) (9.032) (.285)
Capital 6.603 2.08 .315
Total deposits, MFI 17.977 5.636 .315
Debt issuance (EU) 14.248 5.925 .416
(Domestic deposits, MFI) (11.957) (5.868) (.491)
Debt issuance (non-EU) 9.392 5.416 .577
External liabilities 16.316 9.479 .581
MMF shares 1.569 2.09 1.332

Note: CV is the coefficient of variation. MMF shares include short term
funds (with original maturity year) held by Euro area residents. Exter-
nal liabilities include non Euro area residents’ holding of deposits and
repurchase agreements, MMF shares and debt securities with maturity
of less than or equal to 2 years. Debt issuance (non-EU) includes debt
securities with maturity >2 years and held by non Euro area residents.
It can be found under Remaining Liabilities in the ECB website. Debt
securities (EU) are the ones held by Euro area residents with maturity
>2 years. The data is taken from http://www.ecb.Europa.eu.

Table A.2 – Banks Assets, shares (%) (1999Q1-2014Q4)

Variable Mean % Std CV
Total loans, excl. MFI 41.071 10.6 .258
(Domestic loans, excl. MFI) (39.279) (11.271) (.287)
Debt securities 14.02 4.625 .33
Total loans, MFI 16.318 5.676 .348
Equity held 3.714 1.679 .452
(Domestic loans, MFI) (11.124) (5.653) (.508)
External Assets 15.645 9.259 .592
Remaining Assets 8.354 5.196 .622
Fixed Assets .763 .636 .833
MMF shares .117 .317 2.72

Note: CV is the coefficient of variation. MMF shares include short
term assets (amounts issued by euro area residents). External Assets
include holding of non Euro area residents of deposits, repurchase
agreements, MMF shares and securities with maturitiy of less than
or equal to 2 years. Remaining Assets are non Euro area residents
securities with maturity >2 years. Debt securities are Euro area
resident securities held with maturity >2 years. The data is taken
from http://www.ecb.Europa.eu.
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B Stationarity tests

The Im-Pesaran-Shin panel unit root test verifies if all panels contain a unit root.
Therefore, the null is rejected if only one or two countries series are stationary.

Since the test is only valid for serially uncorrelated error terms, I consider the serially
uncorrelated error by assuming lags=0 and the test in which two lags of each variable
are included in the test.28 The results from the serially uncorrelated errors yield the
same result as the test when I allow for serial correlation but control for it.

Table B.1 – Im-Pesaran-Shin Panel unit-root test (1999Q1-2014Q4)

Null hypothesis: Unit root
lags=2 lags=0

variables W̄ statistic z̄ stat

W̃ i,t 1.12 1.47
m̃i,t − p̃i,t .19 1.90

K̃i,t -.06 .09
ỹi,t 2.4 1.99

Ãi,t .34 .43
r̃i,t -1.67** 1.12

l̃i,t 1.32 .16

∆W̃ i,t -6.17*** -10.90***
∆(m̃i,t − p̃i,t) -4.53*** -10.16***

∆K̃i,t -15.85*** -9.53***
∆ỹi,t -8.73*** -16.47***

∆Ãi,t -7.07*** -15.14***
∆r̃i,t -6.28*** -8.82***

∆l̃i,t -4.65*** -11.44***

Note: *,**,*** indicate significance at the 10%, 5%, 1% confidence
level, respectively. The alternative is that some panel
are stationary. Variables are described in Table 5.1.

28The command xtunitroot in stata assumes serially uncorrelated errors when no lags are specified.
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C Money demand shocks

Table C.1 – First stage: Instrumentation of output growth in the
money demand

OLS with FE Dependent variable: ∆ỹi,t
(1999Q1-2008Q2) (1999Q1-2014Q4)

X̃i,t .031*** .029*** .020*** .020***
(.008) (.008) (.004) (.004)

∆ỹi,t−1 -.403*** -.387*** -.241*** -.252***
(.080) (.080) (.060) (.060)

∆(m̃i,t−1 − p̃i,t−1) .010 .013 .022 .024
(.015) (.016) (.017) (.017)

Error correction -.008 -.007 -.006 -.012*
(.010) (.010) (.006) (.007)

ỹi,t−1 -.034 -.048* -.025* -.044***
(.021) (.026) (.013) (.013)

∆r̃i,t .001 -.001*
(.004) (.000)

∆r̃i,t−1 -.006 .000
(.005) (.000)

r̃i,t−1 -.004 -.000***
(.003) (.000)

Observations 360 360 620 620
R2 .067 .099 .058 .066
KPW F1,#obs−15(−3) 13.03*** 14.62*** 20.30*** 20.45***

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are in
parenthesis. The statistic KPW Fd,#obs−15(−3) is the Kleibergen-Paap
Wald rk F statistic where d is the degrees of freedom, to be compared to
the Stock and Yogo critical values. The variable X̃i,t is log of total exports
per capita and deflated, centered around its cross-sectional mean. Other
variables are described in Table 5.1.
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ỹ i
,t
−
1

.1
31

**
.1

06
.1

38
**

*
.1

04
**

.1
73

**
*

.1
47

*
.1

47
**

*
.1

19
**

*
(.

05
8)

(.
07

7)
(.

04
5)

(.
04

3)
(.

02
9)

(.
07

8)
(.

03
9)

(.
03

4)
r̃ i
,t
−
1

-.
01

2
-.

00
1*

-.
01

0
-.

00
1*

**
(.

01
2)

(.
00

0)
(.

01
8)

(.
00

0)
∆
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D Debt issuance determinants: comparison with
Rixtel et al. (2015)

Table D.1 – Rixtel et al. (2015)’ country specific results versus my estimation, before
crisis

(A) (B)

Dep. variable log(Total Issuancei,t) Dep. variable log( ˜Total Issuancei,t)

aggregate bank level FE country level

variables (1999Q1-2007Q3) variables (1999Q1-2007Q3)

term spreadj,t -.15* r̃i,t .03

(.08) (.30)

-.13**

(.06)

bank stockj,t 2.06**

(.92)
4Ai,t

Ai,t−1
6.68***

˜4Ai,t

Ai,t
-.62

(2.05) (.89)
K
A i,t 12.45** K̃

A i,t -4.39

(6.18) (7.13)

Ai,t 2.01*** Ãi,t 2.04***

(.442) (.47)
4yi,t
yi,t−1

.01
˜4yi,t

yi,t−1
-.69

(.03) (.72)

Libor −OISt -.01** Libor −OISt
(.01)

V olt -.02*** V olt
(.01)

constant -15.32*** constant 1.99**

(5.90 ) (.47)

Observations 1120 Observations 340

R2 .72 R2 .55

dummies country and year dummies country

Note: *,**,*** indicate significance at the 10%, 5%, 1% confidence level, respectively; robust standard
errors are in parenthesis. Specification (A) corresponds to the results from Rixtel et al., 2015 study.
The dependent variable is log of the total amount of bonds issued by banks headquartered in country
i and the data is monthly. In my estimation (B), variables denoted with a tilde are centered variable
as described in Table 5.1. The variable term spreadj,t corresponds to the 10 year government bond
yield minus the 3 month government bill rate for country i. The variable V olt measures Implied Stock
market volatility (VSTOXX). The variable bank stockj,t is the stock market index of the banking
sector in country i.
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E Debt issuance shocks

Table E.1 – First stage: Instrumentation of output growth in debt issuance

Ordinary least squares with FE Dependent variable: ∆ỹi,t
1999Q1-2008Q2 1999Q1-2014Q4

∆ỹi,t−2 -.196* -.190* -.077 -.090
(.108) (.101) (.059) (.060)

∆ ˜gapi,t−3 -.021 -.024 -.045** -.046**
(.035) (.035) (.022) (.022)

∆ ˜gapi,t -.029 -.028 -.056*** -.060***
(.027) (.026) (.019) (.019)

X̃i,t−1 .006 .007 -.021** -.020*
(.012) (.012) (.011) (.011)

X̃i,t .032*** .031*** .035*** .036***
(.012) (.012) (.011) (.011)

∆ỹi,t−1 -.530*** -.517*** -.315*** -.328***
(.095) (.088) (.058) (.059)

∆Ãi,ta .027 .025 .038** .035**
(.023) (.023) (.015) (.015)

∆Ãi,t−1 .044* .045* .015 .011
(.025) (.024) (.019) (.019)

∆K̃i,t -.017** -.016** -.018*** -.016**
(.007) (.007) (.006) (.006)

∆K̃i,t−1 -.010 -.010 .001 -.000
(.008) (.008) (.006) (.006)

∆(m̃i,t − p̃i,t) .058*** .057*** .042** .039*
(.019) (.018) (.021) (.022)

∆(m̃i,t−1 − p̃i,t−1) .010 .016 .012 .016
(.014) (.015) (.013) (.014)

∆r̃i,t .001 -.001*
(.004) (.000)

∆r̃i,t−1 -.008 .000
(.005) (.000)

∆W̃i,t−1 .003 .001 .009 .008
(.011) (.011) (.009) (.009)

W̃i,t−1 .001 .001 -.003* -.001
(.002) (.002) (.001) (.001)

m̃i,t−1 − p̃i,t−1 -.006 -.006 .002 -.004
(.012) (.012) (.008) (.009)

Ãi,t−1 .001 .002 -.007 -.007
(.011) (.011) (.005) (.005)

K̃i,t−1 -.000 -.000 .000 .001
(.004) (.004) (.003) (.003)

ỹi,t−1 -.035 -.041 -.017 -.028**
(.034) (.034) (.013) (.013)

r̃i,t−1 .000 -.000***
(.003) (.000)

Observations 340 340 600 600
R2 .33 .35 .32 .33
KPW F5,#obs−28(−3) 3.03** 3.16*** 5.52*** 5.90***
Hansen J test 2.29 2.68 5.74 5.55

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are in parenthesis. The
statistic KPW Fd,#obs−28(−3) is the Kleibergen-Paap Wald rk F statistic where d is the
degrees of freedom, to be compared to the Stock and Yogo critical values. Variables
are described in Table 5.1.
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Table E.2 – Debt determinants (1999Q1-2008Q2)

Dynamic Fixed Effects Dependent variable: ∆W̃i,t
second stage no instrumentation

(I) (II)

Error correction -.032*** -.033*** -.027** -.027**
(.011) (.011) (.009) (.010)

(m̃i,t−1 − p̃i,t−1) -.190*** -.198*** -.156** -.161**
(.048) (.046) (.060) (.058)

Ãi,t−1 .107* .125** .084* .090
(.063) (.062) (.044) (.054)

K̃i,t−1 .017 .018 .002 .003
(.021) (.020) (.014) (.015)

ỹi,t−1 .242 .293 .080 .131
(.168) (.187) (.238) (.262)

r̃i,t−1 .026 .023
(.018) (.039)

∆ỹi,t .635 .824 .564*** .628**
(1.113) (1.090) (.172) (.213)

∆ỹi,t−1 .498 .504 .403 .354
(.622) (.600) (.321) (.316)

∆Ãi,t .483*** .507*** .466*** .474***
(.135) (.124) (.137) (.122)

∆Ãi,t−1 -.089 -.092 -.093 -.090
(.133) (.133) (.160) (.155)

∆(m̃i,t − p̃i,t) .005 .037 .047 .080
(.189) (.178) (.099) (.090)

∆(m̃i,t−1 − p̃i,t−1) -.396*** -.395*** -.383*** -.381***
(.084) (.077) (.086) (.084)

∆K̃i,t -.043 -.032 -.081 -.075
(.068) (.064) (.060) (.060)

∆K̃i,t−1 -.039 -.045 -.038 -.039
(.058) (.059) (.084) (.083)

∆r̃i,t -.046* -.032
(.024) (.038)

∆r̃i,t−1 .009 .009
(.033) (.029)

∆W̃i,t−1 .325*** .320*** .347*** .341***
(.062) (.059) (.067) (.053)

Constant .000 .000
(.000) (.000)

Observations 340 340 360 360
log(likelihood) 640.474 645.940 671.322 674.807
R2 .325 .347 .297 .311

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are in paren-
thesis. Variables are described in Table 5.1.
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F Robustness checks: bond rate heterogeneity

Table F.1 – First stage IV regression: Loans on financial shocks, with heterogeneous
bond rates across countries

OLS with FE Dependent variable: ∆l̃i,t
Instrumentation (y) No instrumentation

(I) (II)
(99Q1-08Q2) (99Q1-14Q4) (99Q1-08Q2) (99Q1-14Q4)

ξmi,t .099*** .027 .114*** .032
(.024) (.027) (.027) (.028)

ξmi,t−1 -.047* .003 -.044 .007
(.025) (.020) (.028) (.019)

ξmi,t−2 -.005 .051** -.008 .058**
(.021) (.021) (.022) (.024)

ξw
s

i,t .050** .091** .045*** .072**
(.016) (.037) (.010) (.022)

ξw
s

i,t−1 .029 .040* .035 .042*
(.025) (.019) (.022) (.020)

ξw
s

i,t−2 .030 .032 .025 .032
(.018) (.029) (.030) (.034)

∆ỹi,t−1 -.026 -.015 .004 .042
(.100) (.054) (.124) (.037)

∆ỹi,t−2 -.301** -.105 -.246* -.025
(.111) (.102) (.122) (.074)

∆r̃i,t -.009 .002** -.002 .002**
(.006) (.001) (.003) (.001)

∆r̃i,t−1 -.005 -.000 -.008 -.000
(.005) (.000) (.006) (.000)

∆r̃i,t−2 .004 -.001** .010 -.001
(.004) (.000) (.007) (.000)

Constant -.000*** .000*** -.000*** .000***
(.000) (.000) (.000) (.000)

Observations 320 580 340 600
R2 .123 .074 .118 .059
Hansen J test, df=5 8.68 4.00 1.75 2.16
Finstr 4.84*** 6.12*** 5.17*** 4.75***
Fξm 4.76*** 1.30 5.72*** 1.71
Fξws 4.50*** 10.21*** 3.99*** 7.24 ***

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are in parenthesis. Variables are
described in Table 5.1.
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Table F.2 – Second stage IV regression: Output on loans, with heterogeneous
bond rates across countries

OLS with FE Dependent variable: ∆ỹi,t
Instrumentation (y) No instrumentation

(I) (II)

(99Q1-08Q2) (99Q1-14Q4) (99Q1-08Q2) (99Q1-14Q4)

∆
ˆ̃
li,t .141 .541** -.045 .136

(.107) (.228) (.086) (.179)

∆
ˆ̃
li,t−1 .095 -.143 .041 -.092

(.104) (.139) (.094) (.163)

∆
ˆ̃
li,t−2 .121 -.104* .121 .026

(.110) (.050) (.076) (.052)
∆ỹi,t−1 -.374*** -.221** -.322*** -.204**

(.078) (.073) (.053) (.069)
∆ỹi,t−2 -.062 .039 -.066** .019

(.044) (.033) (.029) (.034)
∆r̃i,t .004 -.001* .003 -.001

(.009) (.001) (.008) (.001)
∆r̃i,t−1 -.013 .001 -.015 .000

(.010) (.001) (.011) (.001)
∆r̃i,t−2 .004 .000 .004 -.000

(.004) (.000) (.003) (.000)
Constant -.000 .000*** -.000*** .000***

(.000) (.000) (.000) (.000)

Observations 300 560 320 580
log(likelihood) 1065.997 1958.282 1138.899 2015.385
R2 .161 .108 .134 .047

Note: * p<.1, ** p<.05, *** p<.01. Robust standard errors are in parenthesis. Variables
are described in Table 5.1.
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G Residual analysis

Table G.1 – Shapiro-Wilk Test of Normality

assumption on bond rates: rt ri,t
Time period Stage 1 Stage 2 Stage 1 Stage 2

1999Q1-2008Q2 .943*** .921*** .927*** .904***

1999Q1-2014Q4 .927*** .922*** .941*** .927***

Note: * p<.1, ** p<.05, *** p<.01. The baseline specification (I) is considered. The null hypothesis
(H0) is: residuals are normally distributed. Variables are described in Table 5.1. The specification (rt)
are the 2SLS estimations when the bond rate is considered the same across countries. The regression
ri,t is when a heterogeneous bond rate is used.

Figure G.1 – Residual plot (1999Q1-2008Q2)
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Note: The graph plots the residual against the predicted values in the baseline specification (I) with
equal bond rates across countries. Variables are described in Table 5.1.
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Figure G.2 – Residual plot (1999Q1-2014Q4)
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Note: The graph plots the residual against the predicted values in the baseline specification (I) with
equal bond rates across countries. Variables are described in Table 5.1.
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H Non-parametric estimations

Figure H.1 – Non-parametric estimation of the first stage (1999Q1-2008Q2)

Note: The variables ξmt and ξw
s

t
are, respectively, shocks to money demand and shocks to debt

issuance as computed in the baseline specification.

Figure H.2 – Non-parametric estimation of the first stage (1999Q1-2014Q4)

Note: The variables ξmt and ξw
s

t
are, respectively, shocks to money demand and shocks to debt

issuance as computed in the baseline specification.
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Figure H.3 – Non-parametric estimation of the second stage (1999Q1-2008Q2)

Note: The variables
ˆ̃
li,t is the predicted value from the non-linear first stage regression, as specified in

the baseline regression.
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