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a b s t r a c t 

This paper examines the relationship between central bank funding and credit risk-taking. Employing 

bank-firm-level data from the German credit registry during 2009:Q1-2014:Q4, we find that banks bor- 

rowing from the central bank rebalance their portfolios towards ex-ante riskier firms. We further estab- 

lish that this effect is driven by the ECB’s maturity extensions and that the risk-taking sensitivity of banks 

borrowing from the ECB is independent of idiosyncratic bank characteristics. Finally, we show that these 

shifts in bank lending are associated with an increase in firm-level investment and employment, but also 

with a deterioration of bank balance sheet quality in the following year. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

The broader liquidity support programs, which the European 

entral Bank (ECB) 1 employed in order to counteract the macroe- 

onomic consequences of the global financial crisis of 20 07–20 08 

nd the sovereign debt crisis of 2010–2012, went far beyond the 

perational scope of classical monetary policy in several directions. 

or example, the ECB extended the pool of eligible collateral and 

ntroduced a full allotment strategy. Most notably, in the frame- 

ork of its long-term refinancing operations (LTROs), the ECB sub- 

tantially increased the maturity spectrum of central bank refi- 

ancing, providing loans to banks in the euro area with a maturity 

f 12, 18 and 36 months. These non-standard refinancing opera- 
ions motivated recent research to revisit the issue of how mone- 

∗ Corresponding author. 

E-mail addresses: peter.bednarek@bundesbank.de (P. Bednarek),

dinger@uos.de (V. Dinger), d.m.te.kaat@rug.nl (D.M. te Kaat),

atalja.von.westernhagen@bundesbank.de (N. von Westernhagen). 
1 Strictly speaking, the Eurosystem—and not the ECB—is responsible for conduct- 

ng monetary policy in the euro area. In this paper, however, we use ECB as a syn- 

nym for the Eurosystem to avoid confusions with the term European System of 

entral Banks. 
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378-4266/© 2021 Elsevier B.V. All rights reserved. 
ary policy affects bank lending. Consistent with the classical bank 

ending channel literature, numerous recent studies based on var- 

ous methods ranging from panel VAR techniques ( Darracq-Paries 

nd De Santis, 2015 ) to microeconometric estimations exploit- 

ng credit registry data from different European economies ( Alves 

t al., 2016; García-Posada and Marchetti, 2016; Andrade et al., 

019; Carpinelli and Crosignani, forthcoming ) have confirmed that 

ank lending volumes have been positively affected by the uncon- 

entional expansion of central bank funding. Far less attention has 

een devoted to the question whether these new monetary policy 

easures also lead to a shift in bank loan supply towards riskier 

rms. This effect, which is an important goal of a central bank 

uring periods of financial distress and known as the risk-taking 

hannel of monetary policy, is well-documented for standard mon- 

tary policy tools ( Jiménez et al., 2014; Ioannidou et al., 2015 ). We

re aware of only two studies that address this issue with regard 

o ECB’s unconventional monetary policy: Carpinelli and Crosignani 

forthcoming) find, using Italian data, that non-conventional mon- 

tary policy led to a disproportionate increase in bank lending to- 

ards riskier firms in Italy, while Andrade et al., (2019) , employ- 

ng French data, identify no such rise in credit risk-taking. The dis- 

repancy of these results hints that unconventional monetary pol- 

https://doi.org/10.1016/j.jbankfin.2021.106082
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jbf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbankfin.2021.106082&domain=pdf
mailto:peter.bednarek@bundesbank.de
mailto:vdinger@uos.de
mailto:d.m.te.kaat@rug.nl
mailto:natalja.von.westernhagen@bundesbank.de
https://doi.org/10.1016/j.jbankfin.2021.106082


P. Bednarek et. al. Journal of Banking and Finance 128 (2021) 106082 

i

n

i

i

t

i

d

t

t

b

c

s

m

d

d

2

l

d

e

o

i

a

c

A

i

p

d

t

d

e

c

b

a

fi

p

l

o

O

b

t

W

t

s

w

p

s

t

t

s

r

o

e

i

i

N

i  

a

a

i

e

a

t

s

t

c

r

f

l

t

o

i

i

m

b

e

b

i

m

v

w

b

l

i

e

i

i

t

d

t

w

l

K

o

fi

b

f

t

s

t

e

b

w

J

u

l

A

t

(

g

1

m

t

a

e

b

a

d

r

cy might generate different results depending on underlying eco- 

omic conditions. This motivates us to revisit the topic and exam- 

ne a so far overlooked aspect of the ECB’s policies: namely their 

mpact on lending in an economy, which at the time of the in- 

roduction of most unconventional monetary policy measures, was 

n solid shape both in terms of real and financial economic con- 

itions (i.e., Germany). This approach allows us not only to track 

he potentially divergent impact of uniform unconventional mone- 

ary policy in a monetary union with heterogenous business cycles, 

ut also to address the discussion on the potential costs for finan- 

ial stability stemming from unconventional monetary policy mea- 

ures, especially when they are not discontinued once an economy 

oves out of a severe contraction stage (see Bernanke, 2012 for a 

etailed discussion). 

More specifically, we employ comprehensive bank-firm-level 

ata based on the German credit register over the period 2009:Q1- 

014:Q4 to explore the impact of CBF on the riskiness of bank 

ending. As the ECB’s non-standard measures were mainly con- 

ucted to bring back liquidity to dysfunctional markets in the 

uro area periphery ( European Central Bank, 2012 ), they were ex- 

genous to the German financial system, making Germany with 

ts sound financial and economic conditions during that episode 

n interesting setting for examining the side effects of non- 

onventional monetary policy in terms of greater credit risk-taking. 

s opposed to the aforementioned studies, we are able to exam- 

ne explicitly to what extent the riskiness of bank lending de- 

ends on the maturity of central bank refinancing, since our data 

o not only cover the LTRO intervention period but also cen- 

ral bank refinancing operations with a shorter maturity. In ad- 

ition, we quantify the ex-post impact of non-conventional mon- 

tary policy on financial stability and the real economy. Specifi- 

ally, we gauge the effects of central bank funds on both banks’ 

alance sheets, i.e., non-performing loans, loan loss provisions 

nd risk density (risk-weighted over total assets), as well as on 

rms’ real outcomes, i.e., investment, employment and total factor 

roductivity. 

We document a significant shift in the composition of bank 

oan supply towards riskier firms, consistent with the evidence 

f Carpinelli and Crosignani (forthcoming) in the case of Italy. 

ur analysis also shows that this shift is amplified by central 

ank funding with long-term maturity. Short-term funds, in con- 

rast, do not have a statistically significant risk-increasing effect. 

e further show some positive real effects of the unconven- 

ional measures by showing that the increased lending to firms re- 

ults in higher firm-level investment and employment. However, 

e also illustrate that these effects come at the cost of an ex- 

ost deterioration of bank balance sheets. In this sense, our re- 

ults are indicative of the typical trade off of expansionary mone- 

ary policy: the goal of achieving positive real economic outcomes 

ypically comes at the cost of potentially aggravated financial 

tability. 

Theoretically, the link between central bank lending and credit 

isk-taking can work through various channels. Specifically, the- 

ry suggests that central bank liquidity injections, in the pres- 

nce of bank agency problems, can generate risk effects (i) by 

ncreasing aggregate liquidity in the banking system and reduc- 

ng banks’ incentives to monitor their borrowers ( Acharya and 

aqvi, 2012 ), 2 and (ii) by reducing interest rates, thereby induc- 

ng banks to search for yield ( Rajan, 2006 ). If there is no uncer-
2 Note that, according to this theory, it does not make a difference whether the 

dditional liquidity in the banking sector comes from private or public agents. Yet, 

s argued by Levine (2004) , especially private agents can enforce market discipline, 

mplying that the link between central bank funding and bank risk-taking in our 

mpirical analysis might be particularly tight because central banks replace private 

gents in providing bank liquidity. 

t

n

w

t

b

a

t

2 
ainty about rolling over of short-term debt, theory suggests no 

ignificant impact of CBF maturities. However, if banks are uncer- 

ain about the terms of future central bank funding options, ac- 

essing short-term central bank liquidity leaves banks exposed to 

ollover risk, while long-term liquidity provisions insulate them 

rom the need to turn to private funding sources and from re- 

ated rollover risk. Consistent with Calomiris and Kahn (1991) we 

hus expect short-term funding to have some disciplining effect 

n bank managers and to reduce their risk-taking incentives. This 

mplies that the risk-augmenting effects of central bank fund- 

ng are stronger if central banks provide funding with long-term 

aturity. 

When testing these hypotheses on the relation between the 

ank-level amounts of central bank funding and credit risk-taking 

mpirically, the main challenge is that the amounts of CBF on 

anks’ balance sheets are endogenous to banks’ lending behav- 

or. Specifically, banks that increase their lending to riskier firms 

ight have a higher need for funding, part of which is satisfied 

ia higher CBF. In order to overcome this endogeneity problem, 

e pursue an IV estimation, employing an instrument for central 

ank refinancing at the bank level, which is unrelated to banks’ 

ending behavior during the sample period of 2009–2014. Specif- 

cally, consistent with Carpinelli and Crosignani (forthcoming) , we 

mploy banks’ pre-crisis share of cross-border interbank borrow- 

ng as an instrument for CBF. As we argue below, this variable 

s a relevant predictor of CBF because banks with high exposure 

o the international interbank market are more affected by the 

ry-up of wholesale liquidity during the global financial crisis and 

he sovereign debt crisis that followed, thus replacing this dry-up 

ith central bank loans. A further identification challenge is re- 

ated to disentangling loan demand from loan supply. Following 

hwaja and Mian (2008) , we address this challenge by restricting 

ur sample to firms with multiple bank relationships and include 

rm-time fixed effects. Thus, we examine whether a firm which 

orrows from several banks experiences the highest credit growth 

rom those banks with the most significant amounts of CBF on 

heir balance sheets. Since this comparison is across banks for the 

ame firm, firm-specific demand shocks are absorbed by the firm- 

ime fixed effects and we are able to identify credit supply side 

ffects. In order to control for time-varying heterogeneity at the 

ank level, such as bank size and general risk-taking incentives, 

e also include bank-time fixed effects in our analysis (see, e.g., 

iménez et al., 2014 ). 

Overall, our analysis provides four main findings. First, we doc- 

ment that higher central bank funding leads to increased bank 

oan supply towards ex-ante riskier firms, defined as firms with an 

ltman’s Z-Score ( Altman, 1968 ) below the median in the respec- 

ive industry and year. In economic terms, a 1-percentage point 

pp) increase in central bank funding raises the quarterly loan 

rowth differential between ex-ante riskier and safer firms by 1.7- 

.9 pp. Therefore, in contrast to Andrade et al. (2019) , we docu- 

ent a significant shift in the composition of bank loan supply 

owards riskier firms. Note that, since we define firm risk in rel- 

tive terms, our results imply that CBF is associated with banks 

xpanding credit more to firms at the higher end of the risk distri- 

ution. However, given the good macroeconomic environment (rel- 

tively high growth and low interest rate environment), the full 

istribution of firm risk in Germany has shifted in a favorable di- 

ection during the sample period ( Deutsche Bundesbank, 2018 ), so 

hat our result does not necessarily imply immediate risks to fi- 

ancial stability. Instead, it especially suggests caution for the case 

hen a potential recession deteriorates aggregate conditions and 

hus moves up the whole distribution of firm risk. In this case, 

anks with substantial CBF will be exposed to firms with higher 

bsolute risk. Second, although banks borrowing from the ECB tend 

o be statistically different in terms of size and capitalization from 
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hose that do not access central bank funds, we show that, within 

he group of banks borrowing from the central bank, our result of 

ncreased lending to relatively riskier firms does not depend on id- 

osyncratic bank characteristics, such as size, liquidity and capital- 

zation. This finding, combined with the fact that about two thirds 

f all banks in Germany during the sample period borrow from the 

CB, is important from a policy perspective by calling for a broad, 

acroprudential surveillance of the banking system, instead of a 

icroprudential surveillance that focuses mainly on specific banks, 

.g., large or poorly capitalized banks. Third, we document that es- 

ecially long-term CBF is associated with an increase in banks’ loan 

upply to ex-ante riskier firms, suggesting that the link between 

he new monetary policy instruments and risk-taking is not only 

riven by banks’ substitution of private funding with central bank 

unds, but also by increasing the maturity of banks’ central bank li- 

bilities. Finally, we show that the documented shift in bank lend- 

ng behavior is associated with a higher share of non-performing 

oans, greater loan loss provisions, as well as increased risk density 

measured by risk-weighted over total assets). Thus, the increase in 

ending to firms with ex-ante relatively riskier balance sheet char- 

cteristics seems to correlate with a deterioration of bank balance 

heets, despite the favorable macroeconomic environment in Ger- 

any during 2009–2014. At the same time, however, we also find 

BF to support the real economy by raising firm-level investment 

nd employment. 

Our results contribute to the existing literature in several di- 

ensions. Apart from our main contribution to the aforemen- 

ioned literature on the transmission of the ECB’s liquidity sup- 

ort programs to the volume and composition of credit supply us- 

ng credit registry data, we also speak to three other strands of 

he empirical literature on the ECB’s non-conventional monetary 

olicy. One strand is that relating the ECB’s liquidity support pro- 

rams to asset markets and corporate policies. While Crosignani 

t al. (2020) show that LTROs led banks to purchase high-yield 

nd ECB eligible collateral securities so as to match the maturity 

f central bank loans, Acharya and Steffen (2015) and Drechsler 

t al. (2016) find that banks borrowing from the ECB increase their 

nvestments in distressed sovereign bonds. Another strand com- 

rises studies on the impact of the more recent ECB liquidity in- 

ections (Targeted Long-Term Refinancing Operations, TLTROs) on 

ending and economic activity. Specifically, Benetton and Fantino 

2018) ; Laine (2019) ; Afonso and Sousa-Leite (2020) ; Andreeva and 

arcia-Posada (2020) and Esposito et al. (2020) relate TLTROs to 

igher volumes and lower prices of credit. Balfoussia and Gibson 

2016) show that TLTROs ultimately increase economic activity. A 

nal strand includes papers that investigate the impact of other 

CB measures, apart from its liquidity support programs studied in 

his paper, on bank lending behavior. Acharya et al. (2019) provide 

vidence that the ECB’s OMT program induced banks with higher 

IIPS exposure, by raising asset prices and bank equity, to increase 

oan supply, especially so to pre-existing low-quality (zombie) bor- 

owers. Todorov (2020) gauges that the ECB’s Corporate Sector Pur- 

hase Programme announcement increased prices, liquidity and 

ebt issuance in the European corporate bond market, in partic- 

lar for longer-maturity, lower-rated bonds, and for more credit- 

onstrained, lower-rated firms. Arce et al. (2020) show that the 

CB’s Corporate Sector Purchase Programme induced Spanish firms 

o replace bank loans with bond issuance. Following this drop in 

ank loan demand, banks redirected credit to smaller, non-bond 

ssuing firms. 

Showing that the post-crisis monetary policy operations in- 

rease bank loan supply and economic activity, we further add to 

he general literature on the bank lending channel and the real ef- 

ects of financial intermediation (e.g., Jiménez et al., 2014; Ioan- 

idou et al., 2015; Cingano et al., 2016; Acharya et al., 2018; Ben- 

olila et al., 2018 ). Our paper also connects to the recent liter- 
3 
ture investigating the impact of non-conventional US monetary 

olicy, notably of the Federal Reserve’s large-scale asset purchase 

rograms, on bank lending volumes and risk (e.g., Darmouni and 

odnyansky, 2017; Kandrac and Schlusche, 2017; Kurtzman et al., 

017; Chakraborty et al., 2020; Di Maggio et al., 2020 ), which—

y construction of those programs—is unable to differentiate be- 

ween different maturities of central bank funds. We thereby fi- 

ally add to the literature on the implications of bank funding ma- 

urities for the risk-taking incentives of banks (e.g., Calomiris and 

ahn, 1991; Diamond and Rajan, 2001; Huang and Ratnovski, 2011; 

ópez-Espinosa et al., 2012; Jasova et al., 2018 ). 

The remainder of our paper is organized as follows. In 

ection 2 , we describe the data and introduce the empiri- 

al methodology. The main estimation results are presented in 

ection 3 . In Section 4 , we examine the ex-post impact of central

ank funding on bank and firm balance sheets. We perform several 

obustness checks in Section 5. Section 6 concludes. 

. Data and methodology 

.1. The german banking system 

Germany’s banking system comprises three pillars—commercial 

anks, savings banks and cooperative banks—with commercial 

anks representing the largest share in terms of total assets. The 

avings and cooperative banks are both geographically constrained 

nd their business model is focused on deposit-taking and lend- 

ng within their respective administrative district only. They are, 

owever, represented supraregionally by their head institutes. This 

tructure makes the German banking system relatively unique in 

urope. 

After France, the German banking system has the second largest 

mount of bank assets in the euro area. The banking sectors of 

rance, Germany, Spain, Italy and the Netherlands together rep- 

esent more than 80% of all banking assets of the euro area. 

here are some striking differences between the German and all 

ther banking sectors in the euro area. In particular, the three- 

illar-system with a large number of small, regional banks im- 

lies that the German banking system is less concentrated than 

hat in other euro area countries, especially compared with Spain 

nd the Netherlands. In addition, German banks are closer con- 

ected to the dynamics of the domestic economy, whereas banks 

n France, and especially in Spain and in the Netherlands, are 

ore dependent on international real economic and financial 

onditions. 

.2. The ECB’s refinancing operations 

In this section, we provide an overview of the ECB’s refinancing 

perations, especially focusing on the unconventional long-term 

efinancing operations (LTROs). Prior to the global financial crisis 

f 20 07–20 08, the ECB’s longest tender offered was three months. 

ith the onset of the crisis, the ECB expanded the size and the 

aturity of its refinancing operations. Essentially, there have been 

hree LTROs during our sample period of 2009:Q1-2014:Q4. The 

rst LTRO with a maturity of twelve months and an interest rate 

f only 1% was settled in June 2009. It provided banks with an 

dditional liquidity of 442 billion euro. Against the backdrop of 

he European sovereign debt crisis, the ECB further extended the 

aturity of its refinancing operations. In December 2011, it an- 

ounced its first LTRO with a three-year maturity and an inter- 

st rate of 1%, providing 523 euro area banks with an additional 

iquidity of 489 billion euro. In February 2012, it announced a 

econd three-year refinancing operation at an interest rate of 1% 
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hat provided 800 euro area banks with an additional liquidity of 

29.5 billion euro. 3 

At the time when the first LTRO was settled, the German real 

conomy has already started to recover from the global finan- 

ial crisis and had an annualized real GDP growth rate of 0.3% 

n 2009:Q3—the first positive value since 2008:Q1. The annual- 

zed inflation rate (all items non-food and non-energy) in Germany 

as also recovered to a value of 1.3%. The following two LTROs 

ere mainly conducted to counteract the real economic implica- 

ions of the European sovereign debt crisis. Again, Germany was 

argely unaffected by this crisis: the average inflation rate over 

he period 2011:Q4-2012:Q1, when the three-year LTROs were an- 

ounced, was equal to 1.1%; in addition, real GDP growth reached a 

alue of almost 0.7%. These facts suggest that—though the different 

TROs were calibrated at the European level to restore monetary 

olicy transmission, to stabilize credit supply and to increase ag- 

regate inflation rates—they were triggered above all by the weak 

acroeconomic fundamentals in the euro area periphery. Exam- 

ning the effects of the ECB’s refinancing operations on German 

anks, in turn, allows us to identify the potential side effects of 

he new monetary instruments in terms of credit risk-taking. 

.3. Data 

We construct a bank-to-firm-level data set at quarterly fre- 

uency, containing information on German bank lending behav- 

or over the period 2009:Q1-2014:Q4. The main source of this 

ata set is the Deutsche Bundesbank’s credit register that com- 

rises broadly defined bank-firm-level exposure, including tradi- 

ional loans, bonds, off-balance sheet positions and exposure from 

erivative positions. Financial institutions in Germany are required 

o report to the credit register if their exposure to an individual 

orrower or the sum of exposure to borrowers belonging to one 

ypothetical borrower unit has at least once exceeded a threshold 

f 1 million euro during the reporting period. 4 In this respect, note 

hat a borrower unit comprises legally or economically indepen- 

ent borrowers that are connected to each other, e.g., due to (ma- 

or) ownership relations ( > = 50%), profit transfer agreements etc. 

hat is, if two smaller firms that are economically or legally affili- 

ted each have 0.5 million euro credit outstanding, both loans have 

o be reported to Deutsche Bundesbank. Consequently, the actual 

eporting threshold in the German credit register is distinctively 

ower and, on average, the German credit register captures about 

wo thirds of German bank loans. We use those data to calculate 

he dependent variable as the log change in the credit exposure of 

ach bank-firm relationship. 5 As can be seen from Table 1 , German 

anks on average reduce their loan supply vis–vis German firms, 

ndicated by the negative average growth rate of bank loan expo- 

ure (-2.84%). The 5th and 95th percentile of the distribution illus- 

rate that the dynamics of bank-firm relationships vary a lot. 

We supplement the credit registry data with supervisory infor- 

ation on bank balance sheets to examine whether our results are 

tronger for specific bank types. These include bank size (the loga- 

ithm of total assets, where total assets are in euros), 6 the ratio of 
3 A detailed description of the respective refinancing operation, including 

he amounts alloted and the number of bidders, can be found on the fol- 

owing ECB website: https://www.ecb.europa.eu/mopo/implement/omo/html/top _ 

istory.en.html . 
4 Prior to 2014, this threshold was equal to 1.5 million euro. 
5 When this exposure is equal to 0, we also set the corresponding logarithm to 0 

n order to maximize the number of observations, following Jiménez et al. (2014) . 

s a robustness check, we also employ a hyperbolic sine transformation to over- 

ome the issue of many zero-valued observations. Note that our data set does not 

nclude bank-firm relationships where firms never had a relationship with a partic- 

lar bank. 
6 Note that, when total assets are equal to 0, we also set the corresponding loga- 

ithm to 0 in order to maximize the number of observations. 
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iquid assets to total assets and the regulatory capital ratio (regula- 

ory capital to risk-weighted assets). For the analysis of ex-post ef- 

ects of central bank funding on bank balance sheets, which is the 

ocus of Section 4 , we also employ the share of non-performing 

oans relative to total loans, loan loss provisions over total loans 

nd risk density, defined as risk-weighted over total assets. While 

able 1 presents the summary statistics for these variables, Table 

.1 of the Appendix depicts the means of some of these variables 

eparately for banks with and without central bank funding. It be- 

omes apparent that banks accessing central bank funds are, on 

verage, larger, have lower capital ratios, as well as higher non- 

erforming loans. 

As Bundesbank data about non-financial borrowers is scarce 

nd limited to general information, such as a company’s industrial 

ector and the location of its head office, we also match firm-level 

ccounting variables to our data set, provided by Bureau van Dijk’s 

madeus database. This match is non-trivial because the German 

redit register and the Amadeus database do not share a common 

dentifier. To match firms from these databases, we rely on the fol- 

owing algorithm. First, we match by the unique commercial reg- 

ster number, when it is available. Second, for observations with- 

ut this identifier, we rely on Stata’s reclink command, a module 

o probabilistically match records ( Blasnik, 2010 ). In this step, we 

atch firms either by their name and zip code or by their name 

nd city with a minimum matching reliability of 0.99. Third, we 

atch firms that are not matched in the first two steps by hand. 

ll in all, we thereby matched 4,143 firms by the commercial reg- 

ster number, 23,010 firms by Stata’s reclink command and 1,038 

rms by hand, and this matched sample covers roughly one third 

f the aggregated exposure to German non-financial firms reported 

n the credit register. The distribution of total assets and the num- 

er of employees in our matched bank-firm data set is depicted 

n Appendix Table A.2 , which shows that most firms in the sam- 

le are relatively large. For instance, the median (mean) number of 

mployees is equal to 118 (5,555), with a 95th percentile of 10,055. 

verall, according to the classification of the European Commis- 

ion, 5.6% of the firms in our sample are micro firms, 16.5% are 

mall (but not micro), 37.0% are medium-sized (and neither small 

or micro) and 40.8% are large. Therefore, the results of this paper 

re to a large extent driven by large or medium-sized firms, which 

onstitutes a limitation of our results in terms of external validity. 

As we are particularly interested in whether more central bank 

iquidity increases bank lending towards riskier firms overpropor- 

ionally, we use the Amadeus data to calculate Altman’s Z-Score 

 Altman, 1968 ) as our main firm risk proxy. The choice of the Z-

core as our main firm risk measure is driven by the fact that 

t encompasses several risk dimensions (working capital, retained 

arnings, profitability, capitalization). 7 In our regressions, we do 

ot include the continuous Z-Score, but instead calculate a firm 

isk dummy equal to one if the Z-Score is smaller than the me- 

ian in the respective industry and year, and to zero otherwise. 

he use of the dummy variable not only allows us to deal with 

utliers and with the extremely high standard deviation of this 

ariable, but also enables us to examine how CBF affects the allo- 

ation of credit in terms of the relative riskiness of recipient firms. 

ast but not least, the use of the dummy allows to address po- 

ential non-linearities. A similar strategy has been employed by 
7 In particular, we calculate the Z-Score as equal to 3.25+6.56 ∗working 

apital/total assets+3.26 ∗retained earnings/total assets+6.72 ∗EBIT/total 

ssets+1.05 ∗equity/total liabilities, in line with Altman et al. (2017) . We then 

alculate a three-year rolling average of the Z-Score to smooth the variable and 

revent jumps. The results are similar, but estimated less precisely, when employ- 

ng the Z-Score without moving averages. Note that Amadeus does not report data 

n retained earnings, which are part of the item ”other equity”. We hence use 

other equity” in the above formula. 

https://www.ecb.europa.eu/mopo/implement/omo/html/top_history.en.html
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Table 1 

Summary Statistics of the Baseline Variables. 

Unit Observations 5 th Mean 95 th Description 

bank-time firm-time bank-firm-time 

Dependent Variable 

�EXPOSURE % - - 839,423 -65.79 -2.84 57.53 The growth rate in credit from bank b 

to firm f 

Bank-Level Variables 

CBF (TOTAL) % 30,158 - - 0 1.19 6.23 Stock of central bank funding/total 

assets 

CBF (SHORT) % 30,158 - - 0 0.52 3.26 Stock of central bank funding with a 

maturity of less than one year/total 

assets 

CBF (LONG) % 30,158 - - 0 0.67 3.99 Stock of central bank funding with a 

maturity of at least one year/total 

assets 

EXPOSURE % 30,158 - - 0 2.72 11.91 Banks’ 2006 cross-border interbank 

deposits to total assets 

EXPOSURE 

(SHORT) 

% 30,158 - - 0 1.87 7.66 Banks’ 2006 cross-border interbank 

deposits with a maturity of less than 

a year to total assets 

EXPOSURE 

(LONG) 

% 30,158 - - 0 0.85 1.79 Banks’ 2006 cross-border interbank 

deposits with a maturity of at least a 

year to total assets 

SIZE ln(euro) 30,158 - - 18.96 20.74 22.98 The logarithm of total assets 

LIQUIDITY % 30,158 - - 7.67 20.93 50.36 Liquid Assets/total assets 

CAPITAL % 29,309 - - 11.79 18.96 28.37 Total capital 

(regulatory)/risk-weighted assets 

NPL % 27,844 - - 0.44 3.90 8.60 Non-performing loans/total loans 

LLP % 27,844 - - 0.02 0.28 0.72 Loan loss provisions/total loans 

RISK DENSITY % 29,127 - - 28.61 50.70 71.60 Risk-weighted assets/total assets 

Firm-Level Variables 

RISK (INTEREST) 0/1 - 52,290 - 0 0.50 1 Dummy = 1 if EBIT/interest 

expenses < median in the same 

industry-year pair 

RISK (LEVERAGE) 0/1 - 78,009 - 0 0.49 1 Dummy = 1 if debt/equity > median in 

the same industry-year pair 

RISK (Z-SCORE) 0/1 - 52,934 - 0 0.59 1 Dummy = 1 if Altman’s 

Z-Score < median in the same 

industry-year pair 

�EMPL % - 76,601 - -22.05 4.27 40.55 Growth in the number of employees 

�K % - 83,342 - -39.59 14.15 87.53 Growth in fixed assets 

�TFP % - 43,242 - -0.41 -0.01 0.38 TFP growth by estimating a 

production function as in Wooldridge 

(2009) 

�EXPOSURE is the log difference in credit volumes of bank b to firm f. CBF(TOTAL) is the bank-level share of central bank funding over total assets. CBF(SHORT) and 

CBF(LONG) are the shares of short-term ( < 1 year) and long-term ( > = 1 year) central bank funding over total assets. EXPOSURE is the share of cross-border interbank 

deposits over total assets and EXPOSURE(SHORT) and EXPOSURE(LONG) are the cross-border interbank deposit shares with a maturity of less or more than 1 year, respec- 

tively. The bank variables are: size (logarithm of total assets), liquid over total assets, total capital (regulatory) over risk-weighted assets, non-performing over total loans, 

loan loss provisions to total loans and risk-weighted over total assets. The risk dummies are equal to 1 if a firm’s interest coverage or Altman’s Z-score is lower and a 

firm’s leverage is higher than the corresponding median in the same year and industry. �EMPL, �K and �TFP are firm-level growth in the number of employees, fixed 

assets and TFP. 
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he International Monetary Fund (2018) and Farinha et al. (2019) , 

mong others. 

We correct our sample for mergers between banks by creating 

 new separate bank identifier after the merger takes place. We 

urther exclude non-commercial banks (e.g., investment funds and 

pecial purpose banks), as their reaction to the ECB’s monetary 

olicy is likely to differ from the behavior of commercial banks. 

ppendix Table A.3 depicts the number of banks in our sample 

fter these adjustments, dis-aggregated into the different banking 

roups. It shows that, overall, we have more than 1500 banks in 

ur sample. Although most of the sample banks are either cooper- 

tive or savings banks, the largest banks (big/multinational banks, 

ead institutes of cooperative and savings banks, private banks) 

ave the highest representation in our bank-firm-level data (about 

0%) because they maintain credit relationships with a larger num- 

er of firms. Appendix Table A.3 also shows that the majority of 

ample banks accesses central bank funds, independent of the spe- 

ific banking group. That is, in Germany, even regional banks (sav- 

ngs and cooperative banks), and not just a handful of large and 

ultinational banks, borrow from the central bank. 
t

5 
.4. Econometric specification 

We examine the relationship between central bank funding and 

redit risk-taking by estimating the following model: 

E X P OSURE b f t = α f t + αbt + ψ ∗ (CBF b,t−1 ∗ RISK f,t−1 ) + εb f t , 

(1) 

he dependent variable in this equation is the log change in the 

redit exposure of bank b to firm f between time t-1 and t. The 

ain regressor is the interaction between the lagged firm risk 

ummy introduced in Section 2.3 and the lagged bank-level share 

f CBF, defined as the stock of central bank funding over total as- 

ets. Following the theoretical literature reviewed in the introduc- 

ion, we further expect the effects of the recent monetary policy 

perations to be most distinct for long-term central bank funds. 

e thus also present specifications where we dis-aggregate total 

BF into short-term (maturity of less than one year) and long-term 

maturity of at least one year) central bank funds. 

Exploiting the granularity of the credit register data, we fur- 

her restrict our sample to firms with multiple bank relation- 
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Fig. 1. This graphs shows a bin scatter plot, containing 100 quantiles of central 

bank refinancing, between bank-level CBF, on average during 2009–2014, and the 

2006 share of foreign interbank loans over total assets. 
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hips and include firm-time fixed effects, α f t . 
8 Thus, we examine 

hether one firm borrowing from several banks experiences the 

ighest credit growth from those banks with the highest amounts 

f CBF on their balance sheets. Since this comparison is across 

anks for the same firm, firm-specific demand shocks are absorbed 

y the firm-time fixed effects and we are able to identify credit 

upply side effects ( Khwaja and Mian, 2008 ). In order to control 

or unobservable time-varying heterogeneity at the bank level, in 

articular banks’ general risk-taking sensitivity, our specifications 

lso include bank-time fixed effects (αbt ), following Jiménez et al., 

014 and Behn et al. (2016) , among others. While the bank-time 

xed effects absorb the linear effect of central bank funding, they 

till allow an estimate of the interaction between bank-level CBF 

nd the risk characteristics of borrowing firms. The standard errors 

re clustered at the bank-firm level to allow the observations to be 

orrelated within bank-firm relationships. 

.5. Identification via instrumental variables 

As banks simultaneously decide on lending volumes and fund- 

ng modes, CBF is not exogenous with respect to bank lending be- 

avior: banks that increase their loan supply to riskier firms have 

 higher need for funding, part of which is likely to be satisfied 

ith central bank loans. In order to overcome this endogeneity 

roblem, we pursue an instrumental variable regression, employ- 

ng an instrument for central bank refinancing at the bank level 

hat is unrelated to banks’ lending behavior during the sample pe- 

iod of 2009–2014. Specifically, we estimate a 2SLS regression us- 

ng Stata’s ivreghdfe command with a first-stage equation of the 

ollowing form: 

BF b,t−1 ∗ RISK f,t−1 = α f t + αbt + β ∗ (IN ST RUMEN T b ∗ RISK f,t−1 ) 

+ εb f t . (2) 

n this equation, our instrument for banks’ CBF volumes is a 

re-crisis proxy for their exposure to the cross-border interbank 

arket—that is the amount of banks’ cross-border interbank de- 

osits relative to total assets in 2006. Consistent with Carpinelli 

nd Crosignani (forthcoming) , the intuition for the choice of this 

ime-invariant instrument is that banks with high pre-crisis expo- 

ure to the cross-border interbank market are more affected than 

ess exposed banks by the global dry-up of wholesale liquidity dur- 

ng and after the global financial crisis. These banks, therefore, 

ave higher incentives to demand central bank funding in order 

o close any funding gaps. 9 

The tight positive association between our instrument and CBF 

s illustrated in Fig. 1 , which shows a bin scatter plot containing 

00 quantiles of CBF. 10 The positive correlation between the two 

ariables is estimated to be roughly 51%. In unreported tests, we 

how that the strong positive correlation is valid for both the sub- 

amples of banks with high as well as such with low shares of 

nterbank liabilities. More formal econometric evidence on the rel- 

vance condition will be presented with the first-stage estimates 

iscussed in detail in Section 3 , and with the first-stage F-statistics 

eported in each column of the regression tables shown in the fol- 

owing sections. Note here, however, that the F-statistics exceed 

he threshold of 10 in almost all specifications. 

While the exclusion restriction of our instrument cannot be 

ested formally, we argue that our instrument is fairly exogenous 
8 As the firm-level data is at annual frequency anyway, it virtually does not make 

 difference whether we include firm-year or firm-year-quarter fixed effects. 
9 In previous versions of the paper, we employed banks’ pre-crisis exposure to 

ndustries and countries most affected by the global financial crisis as instruments, 

rguing that banks with higher exposure had difficulties in obtaining wholesale liq- 

idity, which they hence replaced by CBF. The results were similar. 
10 We are only allowed to present a bin scatter plot, not a full scatter plot, due to 

onfidentiality reasons. 
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6 
ince a bank’s reliance on the cross-border interbank market in the 

ear 2006 is unlikely to affect lending during 2009–2014 through 

hannels different from the volume of central bank funding these 

anks access. This is particularly the case since our regressions in- 

lude bank-time fixed effects, which absorb any unobservable vari- 

tion across banks and over time that might have been associated 

ith alternative channels of how pre-crisis funding affects post- 

risis lending, thus increasing the likelihood that the conditional 

xclusion restriction holds. 

. Results 

.1. Baseline results 

In this section, we present the second-stage estimation results 

ith regard to the relation between CBF and the riskiness of bank 

ending. We start presenting the results for our benchmark speci- 

cation, instrumenting the potentially endogenous interaction be- 

ween CBF and firm risk with the interaction between the pre- 

risis foreign interbank exposure and firm risk. The attendant first- 

tage estimates can be found in Table A.3 and show that the first- 

tage F-statistics are equal to 41.2 with a point estimate of 0.031. 

hus, the relevance condition underlying our IV approach is clearly 

et. The corresponding second-stage estimates of Table 2 , column 

1), show that the interaction between CBF and firm risk is positive 

nd statistically significant at the 1% level. This result points to the 

xistence of significant risk-taking effects of CBF: additional central 

ank liquidity increases the credit growth rates of ex-ante riskier 

rms by 1.79 pp more per year than those of safer firms, which is 

on-trivial given that the average loan growth rate in our sample 

s equal to -2.84%. Note, however, that, since we define firm risk in 

elative terms (i.e., firms are defined risky if their Z-Score is lower 

han the median in the same industry and year), our results im- 

ly that banks especially expand credit to firms at the higher end 

f the risk distribution. However, given the good macroeconomic 

nvironment with relatively high growth rates and low interest 

ates, the full distribution of firm risk in Germany has shifted in 

 favorable direction during the sample period ( Deutsche Bundes- 

ank, 2018 ), so that our result does not necessarily imply imme- 

iate risks to financial stability. Instead, it rather suggests caution 

or the case when a potential recession deteriorates aggregate con- 

itions and thus moves up the whole distribution of firm risk. Yet, 

s we show in Section 4 , banks experience an immediate balance 

heet deterioration (higher non-performing loans, loan loss provi- 
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Table 2 

Baseline Results. 

benchmark 

new bank-firm 

relationships 

time-varying 

instrument IHS transformed 

short- vs 

long-term funds 

(1) (2) (3) (4) (5) 

�EXPOSURE �EXPOSURE �EXPOSURE �EXPOSURE �EXPOSURE 

CBF ∗ RISK 1.785 ∗∗∗ 1.728 ∗∗ 1.784 ∗∗∗ 1.873 ∗∗∗ - 

(0.67) (0.86) (0.67) (0.70) 

CBF(SHORT) ∗ RISK - - - - -9.583 ∗∗

(4.54) 

CBF(LONG) ∗ RISK - - - - 7.114 ∗∗

(3.14) 

Firm-Time FE YES YES YES YES YES 

Bank-Time FE YES YES YES YES YES 

Observations 472,920 324,804 472,920 438,472 472,920 

First-Stage F-Statistic 42.5 23.8 42.5 44.1 8.1 

This table shows our baseline specification results. The dependent variable is the log change in the credit exposure of bank b to firm f 

at time t. The main regressor is the bank-level share of central bank funding over total assets in its interaction with a firm risk dummy 

(equal to one if a firm’s Z-score is below the median in the same year/industry). We use the interaction between banks’ 2006 shares of 

cross-border interbank deposits to total assets and the firm risk dummy as instrument. We add firm-time and bank-time fixed effects. In 

column (2), we limit the analysis to bank-firm relationships, which did not exist prior to 2007. Column (3) interacts the shares of cross- 

border interbank deposits to total assets with time dummies in the first stage. In column (4), the credit volumes are IHS transformed 

before calculating their first differences. Column (5) distinguishes between short-term ( < 1 year) and long-term ( > = 1 year) CBF, using 

short-term and long-term interbank deposits as instrument in the first stage. Standard errors, clustered at the bank-firm level, are shown 

in parentheses. 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 
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central bank liabilities. 
ions and risk density), despite the favorable macroeconomic envi- 

onment in Germany during 2009–2014. 

We next restrict the sample to new bank-firm relationships, i.e., 

elationships that did not exist in the pre-crisis period. This is im- 

ortant in order to examine whether the benchmark estimates are 

riven by banks increasing their lending to riskier firms that they 

lready had a relationship with before the crisis (intensive mar- 

in) or by banks establishing new credit relationships with riskier 

orrowers (extensive margin). While the former could be inter- 

reted as a sign of zombie lending, the latter can reflect the goal 

f the central bank to employ CBF to ease the credit constraints 

f hitherto constrained borrowers during periods of financial dis- 

ress. Column (2) indicates that, also for new bank-firm relation- 

hips, CBF raises banks’ risk-taking, as can be gauged from the sta- 

istically significant interaction term. In economic terms, a 1-pp in- 

rease in central bank loans now raises the credit growth differen- 

ial between riskier and safer firms by 1.7 pp (as opposed to 1.8 

p in the benchmark specification). Therefore, CBF raises bank risk- 

aking not only at the intensive, but also at the extensive, margin. 

Our instrumental variable (the 2006 bank-level cross-border 

nterbank market exposure) is time-invariant although bank-level 

entral bank funding varies over time. An advantage of a time- 

nvariant instrument measured before the sample period is that 

t mitigates concerns related to simultaneity. Yet, following the 

ethodology proposed in Braggion et al. (2017) , we also estimate 

 specification where the time-invariant instrument is interacted 

ith the corresponding year-quarter dummies in the first stage. 

he associated second-stage results are shown in column (3) of 

able 2 and document that our previous estimates are robust to 

nteracting the time-invariant instrument with time dummies—the 

oint estimate is virtually unchanged. 

About 8% of the bank-firm relationship credit data in our sam- 

le are equal to zero. In order not to lose observations when 

alculating the dependent variable—the log-difference in credit 

olumes—we set the corresponding logarithm of credit volumes 

qual to zero, following Jiménez et al. (2014) . As an alternative, 

e now present the estimation results when employing an in- 

erse hyperbolic sine transformation before calculating the differ- 

nce in credit volumes, as suggested by Bellemare and Wichman 

2020) . This transformation approximates the natural logarithm of 

hat variable, but allows retaining zero-valued observations. As can 
7 
e seen from column (4), our estimates even get statistically and 

conomically more significant compared to the benchmark specifi- 

ation in column (1), which is evidence that our benchmark results 

re rather on the conservative side. 

Finally, we focus on the extended maturity of CBF as the main 

eature of the recent ECB’s monetary policy measures, and exam- 

ne whether bank risk-taking is predominantly driven by a higher 

hare of long-term CBF in total assets, consistent with Jasova et al. 

2018) , who use the provision of long-term funding by the ECB as 

 natural experiment and find that a lengthening of bank debt ma- 

urity has a significant impact on bank lending and risk-taking. To 

his end, we differentiate between short-term central bank funds, 

ith a maturity below one year, and long-term central bank funds, 

hich have a maturity of at least one year. As we now have two 

otentially endogenous variables, short-term and long-term CBF, 

e also need two exogenous instruments. We therefore employ 

he short-term cross-border interbank exposure (interacted with 

rm risk) as instrument for short-term CBF (interacted with firm 

isk) and the long-term cross-border interbank exposure as instru- 

ent for long-term CBF. As can be seen from the first-stage re- 

ults presented in columns (2)-(3) of Table A.3 , the interaction 

etween firm risk and short-term (long-term) cross-border inter- 

ank exposure indeed has a positive impact on the interaction of 

rm risk and banks’ shares of short-term (long-term) CBF. Column 

5) of Table 2 contains the attendant second-stage results, which 

how that only long-term CBF has a positive and statistically sig- 

ificant impact on bank risk-taking. The corresponding interaction 

oefficient for short-term CBF is even negative, suggesting that it 

ather reduces bank risk-taking. Note, however, that the first-stage 

-statistic for this specification is slightly below 10 (see column (5) 

f Table 2 ), pointing to a potential weak instrument problem. In 

ection 5 , we thus present the results of OLS regressions that dif- 

erentiate between short-term and long-term CBF and, still, only 

ong-term CBF increases bank lending towards riskier borrowers 

verproportionally. Therefore, although the effects of short-term vs 

ong-term CBF on bank risk-taking are not fully identified (due to 

he first-stage F-statistic smaller than 10), this is evidence that the 

ink between expansionary monetary policy and bank risk-taking 

s not only driven by banks’ substitution of private funding with 

entral bank funds, but also by increasing the maturity of banks’ 
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Summing up, the results of Section 3.1 show the existence of 

 risk-taking channel of non-conventional monetary policy in the 

ase of Germany: CBF raises the average volume of bank loan sup- 

ly disproportionately more for riskier than for safer firms. We also 

nd that this result holds at the extensive margin and is driven by 

BF with longer maturities. 

.2. Are the results driven by certain types of banks? 

In this section, we exploit the cross-sectional dimension of our 

ata by examining whether our baseline results are driven by cer- 

ain types of banks. As can be seen from Appendix Table A.1 , on av-

rage, banks borrowing from the ECB are different from those that 

o not access CBF, i.e., they tend to be larger and to have lower 

apitalization. In this section, we examine whether, among banks 

orrowing from the central bank, our result of increased lending to 

elatively riskier firms depends on idiosyncratic bank characteris- 

ics. The results of this exercise provide us with insights for a bet- 

er understanding of the transmission channels of monetary pol- 

cy. The results also derive indications on whether banking sector 

urveillance should monitor certain banks more intensively than 

thers in the wake of expansionary monetary policy. 

Following the recent literature on the impact of non- 

onventional monetary policy in the euro area (e.g., García-Posada 

nd Marchetti, 2016 ; Carpinelli and Crosignani, forthcoming ), we 

xamine the interaction of CBF with the following observable bank 

haracteristics: liquidity, capitalization and size. Numerous theo- 

etical studies suggest that these covariates are potentially related 

o credit risk-taking, in that smaller, well-capitalized and low- 

iquidity banks might be less prone to excessive risk-taking. For 

nstance, due to “too-big-to-fail” guarantees, bank investors mon- 

tor large banks less intensively than smaller banks, thus rais- 

ng large banks’ incentives to invest in risky projects, as shown 

y, for instance, Boyd and Gertler (1993) ; Stern and Feldman 

2009) ; Hovakimian et al. (2012) ; Wheelock and Wilson (2012) ; 

aufman (2015) . Excessive bank risk-taking can also decrease with 

ower bank liquidity, as liquidity shields loan officers from penal- 

ies associated with failed investments and, as a consequence, 

aises risk-taking incentives ( Acharya and Naqvi, 2012 ). Finally, as 

rgued by Hovakimian and Kane (1996) ; Holmstrom and Tirole 

1997) and Duran and Lozano-Vivas (2014) , higher bank capitaliza- 

ion can also reduce risk-shifting incentives, mainly because well- 

apitalized banks better internalize their risk of default, although 

here is also some evidence suggesting the opposite, namely that 

oor bank capital allows for less risk-taking simply because it de- 

reases banks’ loss-absorbing capacity ( Gambacorta and Mistrulli, 

004; Adrian and Shin, 2010; Kim and Sohn, 2017 ). 

In order to test whether the risk-increasing effects established 

n Section 3.1 are attenuated by better capitalization, lower liquid- 

ty and smaller bank balance sheets, we interact our main variable 

f interest, the double interaction between CBF and firm risk, with 

ank dummies that are equal to one if bank liquidity or size, re- 

pectively, is in the lowest 25% of the in-sample distribution and 

apitalization is in the top 25% of the distribution. 11 

Columns (1)-(3) of Table 3 indicate that our baseline results are 

ndependent of the different bank characteristics, as can be gauged 

rom the statistically significant double interaction CBF ∗RISK and 

he insignificant triple interaction between CBF, RISK and the re- 

pective bank dummy. These results suggest that our baseline re- 

ults are not driven by the implications of “too-big-to-fail” implicit 

ail-out guarantees or by risk-shifting incentives of the banking 

ystem. Instead, our results indicate that central bank refinancing 
11 The results are robust to alternative thresholds and to defining the respective 

hresholds employing the year-by-year distribution of total assets, capitalization and 

iquidity. 
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8 
nduces all banks borrowing from the ECB to increase their credit 

upply towards ex-ante riskier firms, which is consistent with a 

eneral “search for yield” behavior. Note again that Table A.1 of the 

ppendix shows that larger and more poorly capitalized banks are 

n general more likely to access CBF. At the same time, however, 

he uptake of central bank liquidity in Germany is not confined 

o large and multinational banks, but, instead, a large number of 

mall and regional banks also accesses CBF (see Table A.3 ). This 

act combined with the results of this section is important from a 

olicy perspective by calling for a broad, macroprudential surveil- 

ance of the banking system, instead of a microprudential surveil- 

ance that focuses mainly on specific banks, such as large or poorly 

apitalized banks. 

. The ex-post effects of central bank refinancing 

The previously documented change in credit allocation does 

ot necessarily imply adverse effects on financial system stabil- 

ty and/or the real economy, since (i) a riskier credit allocation of 

anks does not need to be associated with higher ex-post bank risk 

ex-ante riskier firms do not need to default ex-post) and (ii) ex- 

nte riskier firms obtaining the additional credit may increase their 

nvestment, employment and total factor productivity, thus con- 

ributing to an improvement in economic dynamics and reducing 

he ex-post riskiness of credit recipients. In Section 4 , by identify- 

ng the ex-post (i.e., one-year ahead) effects of the ECB’s post-crisis 

onetary policy operations at the bank level (Section 4.1) and firm 

evel (Section 4.2), we finally evaluate the impact of monetary pol- 

cy on financial stability and the real economy. 

.1. Ex-post effects on bank balance sheets 

We start identifying the correlation between central bank re- 

nancing and the ex-post (one-year ahead) risk of banks. To this 

nd, we regress several bank risk variables on the share of cen- 

ral bank funding over total assets, which again is instrumented by 

anks’ 2006 cross-border interbank exposure. Specifically, we em- 

loy the ratio of non-performing loans over total loans, loan loss 

rovisions over total loans and risk density (risk-weighted over to- 

al assets) as bank risk proxies. 

As can be seen from columns (1)-(3) of Table 4 , higher CBF 

s associated with an increase in non-performing loans, loan loss 

rovisions and risk density. These effects are statistically signifi- 

ant and economically relevant: a 1-pp increase in CBF is associ- 

ted with a 1.1 pp increase in the ratios of non-performing loans 

given a mean of 3.9%), a 0.5 pp increase in loan loss provisions 

mean = 0.3%) and 6.7 pp higher risk density (mean = 50.7%). This is 

vidence that central bank refinancing might spill over to higher 

x-post risk of banks, highlighting potential financial stability risk 

rising from the ECB’s recent monetary policy measures. 

.2. Ex-post effects on firm performance 

Section 4.2 studies the real economic (ex-post) implications 

f CBF at the firm level. This is important in order to evaluate 

hether the ECB’s monetary policy was not only successful in 

oosting the real economy in the crisis-hit regions of Southern Eu- 

ope, as shown by García-Posada and Marchetti (2016) ; Jasova et al. 

2018) or Carpinelli and Crosignani (forthcoming) , but also in coun- 

ries less affected by the global financial and sovereign debt cri- 

is, such as Germany. For this purpose, we employ three key firm- 

evel outcomes. Following Blattner et al. (2018) , we make use of 

he log difference in employment (the number of employees) and 

xed assets (as a proxy for capital investments) as the dependent 

ariables. Further, as in Duval et al. (2020) or Doerr (2018) , among 

thers, we also calculate firm-level TFP growth, which we obtain 
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Table 3 

Exploring the Role of Different Bank Characteristics. 

(1) (2) (3) 

�EXPOSURE �EXPOSURE �EXPOSURE 

CBF ∗ RISK 1.791 ∗∗ 0.520 ∗∗∗ 1.808 ∗∗∗

(0.57) (0.20) (0.684) 

CBF ∗ RISK ∗ LIQUIDITY 3.842 

(5.80) 

CBF ∗ RISK ∗ CAPITAL 0.358 

(1.345) 

CBF ∗ RISK ∗ SIZE 1.941 

(6.12) 

RISK ∗ LIQUIDITY -5.801 

(9.08) 

RISK ∗ CAPITAL 0.698 

(1.63) 

RISK ∗ SIZE 2.239 

(5.72) 

Bank-Time FE YES YES YES 

Firm-Time FE YES YES YES 

Observations 472,920 452,962 472,920 

First-Stage F-Statistic 26.3 120.9 28.0 

The table examines whether our baseline results are amplified by certain bank types. To this end, we interact CBF ∗ RISK se- 

quentially with bank dummies, equal to 1 if bank liquidity and bank size are in the lowest 25% of the distribution and if bank 

capitalization is in the top 25% of the distribution. The dependent variable is the log change in the credit exposure of bank b 

to firm f in quarter t. We use the interactions between cross-border interbank deposits to total assets, the firm risk dummy and 

the respective bank characteristic as instrument for the triple interaction. We also include firm-time and bank-time fixed effects. 

Standard errors, clustered at the bank-firm level, are in parentheses. 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Table 4 

The Ex-Post Effects of CBF. 

Bank-Level Bank-Level Bank-Level Firm-Level Firm-Level Firm-Level 

(1) (2) (3) (4) (5) (6) 

NPL LLP RISK DEN. �EMPL �K �TFP 

CBF 1.009 ∗ 0.496 ∗∗ 6.687 ∗∗∗ 0.009 ∗ 0.042 ∗∗ -0.000 

(0.54) (0.21) (2.14) (0.01) (0.02) (0.00) 

Bank Controls YES YES YES - - - 

Time FE YES YES YES YES YES YES 

Industry FE - - - YES YES YES 

Observations 27,364 27,364 28,872 72,835 79,056 40,831 

First-Stage F-Statistic 8.5 12.7 8.5 - - - 

The table examines the ex-post effects of CBF. In columns (1)-(3), the dependent variables are banks’ non-performing over total 

loans, loan loss provisions over total loans and risk density (risk-weigthed over total assets). The key regressor is the one-year lag 

of CBF to assets, instrumented with banks’ cross-border interbank deposits in 2006. In columns (4)-(6), the dependent variables 

are firm growth in employment, fixed assets and TFP. The main regressor in these specifications is the predicted, weighted share 

of CBF over total assets of banks that a firm borrows from. All estimations add time dummies. Industry fixed effects at the one- 

letter division level are added to the firm regressions. The bank regressions include the following set of bank controls: size (log 

of total assets), loans over assets, liquid to total assets, the return on equity, regulatory capital over risk-weighted assets and non- 

performing loans. The robust standard errors are shown in parenthesis. 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 
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y estimating a production function on firm-level data for each 

ndustry (2-digit NAICS code) separately, employing the approach 

f Wooldridge (2009) . Specifically, we regress firm-level real value 

dded (in logs) on labor input (log of the real wage bill) and capi-

al input (log of the real book value of fixed assets), where all vari-

bles are winsorized at the 1% level before taking logs, value added 

nd the wage bill are deflated by the two-digit industry price de- 

ators from OECD STAN, and the capital stock is deflated by the 

nvestment goods price index. We then obtain TFP as the resid- 

al from this regression. Afterwards, these firm-level outcome vari- 

bles are regressed on the predicted, weighted shares of CBF rela- 

ive to total assets of those banks that a respective firm f borrows 

rom. 12 
12 To obtain the predicted values, we use our main estimation results of 

ection 3.1 ( Table 2 , column (1)). The applied weight is the bank-firm-level expo- 

ure from the German credit registry. 

d

w

y
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Table 4 indicates that firms borrowing from banks with higher 

BF increase both their employment and investment, as can be 

auged from the statistically significant coefficients on CBF in 

olumns (4) and (5). The implied economic magnitudes are signifi- 

ant. Borrowing from a bank at the 95th percentile of the distribu- 

ion of CBF, relative to borrowing from a bank at the 5th percentile, 

esults in an additional annual 0.06 pp employment growth and an 

dditional 0.26 pp capital stock growth. In contrast, TFP growth is 

ot affected significantly by central bank refinancing (column (6)). 

articularly, firms that borrow from banks with higher CBF do not 

ave ex-post higher TFP growth than firms borrowing from banks 

ith lower values of CBF. 

As becomes apparent from Table 5 , the previous results are 

riven by the sub-sample of ex-ante riskier firms, defined as firms 

ith a z-score lower than the median in the same industry and 

ear, following the definition introduced in Section 2 . Particularly, 

hile ex-ante riskier firms that borrow from banks with higher 

BF increase their employment, investment and TFP, the impact 
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Table 5 

The Ex-Post Effects: Safer vs Riskier Firms. 

Safer Firms Riskier Firms 

(1) (2) (3) (4) (5) (6) 

�EMPL �K �TFP �EMPL �K �TFP 

CBF -0.003 0.015 -0.0002 ∗ 0.024 ∗ 0.051 ∗∗∗ 0.0002 ∗

(0.01) (0.01) (0.00) (0.01) (0.02) (0.00) 

Time FE YES YES YES YES YES YES 

Industry FE YES YES YES YES YES YES 

Observations 23,341 24,654 21,163 22,727 24,649 19,656 

In this table, we investigate the ex-post effects of CBF, separately for safer (Z-Score dummy = 0) 

and riskier firms (dummy = 1). The dependent variables are firm growth in employment, fixed 

assets and TFP. The main regressor is the one-year lag of the predicted, weighted shares of CBF 

to total assets of banks, which a firm borrows from. The regressions include time and industry 

fixed effects at the one-letter division level. Robust standard errors are shown in parenthesis. 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 
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n ex-ante safer firms is statistically insignificant (for employment 

nd investment) or even negative (for TFP). This result is consis- 

ent with the previous evidence on the disproportionate increase 

n credit volumes for riskier firms, which, as a consequence, seems 

o stimulate their real activities. These results indicate that these 

iskier firms have been facing credit constrains, which the uncon- 

entional ECB policy successfully resolves. 

Overall, these results provide evidence that, even in a country 

ess affected by the financial and sovereign debt crisis, the ECB’s 

onetary policy instruments had a sizable effect on investment 

nd employment. In contrast, despite the positive effect on both 

rm-level input factors, firms’ TFP growth did not increase, which 

uggests that the effect of CBF on real output growth is likely to 

anifest only in the short-run. In addition, for proper cost-benefit 

nalysis of the impact of monetary policy in a country less affected 

y the financial crisis, such as Germany, the positive employment 

nd investment effects should be weighed up against the deterio- 

ation of bank balance sheets, as documented in Section 4.1 . 

. Robustness checks 

In this section, we present several robustness checks. Partic- 

larly, we estimate our regressions via OLS, drop some types of 

anks from our sample and employ alternative firm risk proxies. 

In the first test, we estimate our model via OLS. As can be seen

rom Table A.5 , higher CBF still raises the loan volumes of ex-ante 

iskier firms disproportionately more (column (1)). While this ef- 

ect is statistically significant at the 5% level, the economic mag- 

itude of the OLS coefficient is distinctly smaller than the corre- 

ponding effect in our IV estimations. This smaller coefficient size, 

owever, is likely driven by an about six times larger standard de- 

iation of actual CBF relative to the predicted values used in our IV 

egressions. Once we correct for the different standard deviations, 

he coefficient estimates of the OLS and IV regressions are quite 

imilar. Column (2) further shows that the risk-increasing effects of 

BF are driven by long-term, not short-term, CBF, consistent with 

he instrumental variable results presented in Section 3 . 

We continue dropping certain banks from our data set. 

ased on the classification used in Table A.3 , column (3) of 

able A.5 drops big banks and column (4) drops both big banks 

nd the head institutes of the savings and cooperative banks. Drop- 

ing those banks might be important because they are multina- 

ional and can therefore use funds raised by the parent bank or 

y branches in other (non-euro area) countries, insulating them to 

ome extent from the effects of monetary policy in the euro area. 

n both specifications, the coefficient estimates are similar to our 

enchmark results. 

Finally, we use two alternative proxies for firm risk—firms’ in- 

erest coverage ratio, defined as the ratio of earnings before inter- 

st and taxes (EBIT) over interest expenses, and leverage. Higher 
10 
nterest coverage ratios indicate a better financial health and in- 

rease firms’ ability to meet interest obligations from operating 

arnings, thus decreasing firms’ probability of default. For instance, 

n its recent financial stability report, the International Monetary 

und (2018) argues that interest coverage ratios have a strong 

onotonic relationship with firm risk and credit ratings. It is 

herefore widely used as a firm risk proxy in the empirical litera- 

ure (e.g., Duchin and Sosyura, 2014; Acharya et al., 2019; Andrade 

t al., 2019; te Kaat, forthcoming ). Concerning leverage, more lev- 

red firms are known to be more prone to asset substitution, un- 

ertaking more projects with a higher incidence to fail (e.g., Ben- 

ion and Shalit, 1975 ; Jensen and Meckling, 1976 ; Carling et al., 

007 ). They are also more likely to default because of their worse 

oss-absorbing capacity. As in our previous regressions, we use 

hese variables to calculate firm risk dummies, which are equal to 

ne if a firm’s interest coverage ratio is lower, and a firm’s leverage 

s higher than the respective median in the same year and indus- 

ry. Table A.6 demonstrates that higher CBF is associated with a 

tronger increase in credit supply to firms with lower interest cov- 

rage and higher leverage, consistent with our baseline evidence 

n the risk-increasing effects of CBF. The estimates here, however, 

re estimated less precisely and only have a statistical significance 

t the 10% level. 

. Conclusion 

Following the global financial crisis of 20 07–20 08, central banks 

round the world have expanded the pool of monetary policy in- 

truments and introduced long-term refinancing operations. For in- 

tance, the ECB provided central bank funding with a maturity of 

p to three years to banks in the euro area. However, while an ex- 

ensive strand of the literature examines the effects of these mon- 

tary policy operations on the volume of bank lending, their im- 

act on the composition of banks’ loan portfolios is to date un- 

erexplored in the existing empirical literature. Also, the side ef- 

ects of applying non-conventional expansionary monetary policy 

easures in times when recessions have been overcome are still 

ostly underexplored. 

Using a comprehensive bank-firm-level data set based on the 

erman credit register during 2009:Q1-2014:Q4, we overcome this 

ap by examining the link between central bank funding and bank 

ending to firms with different ex-ante risk levels in an economy 

hich, by the time of the introduction of these measures, had al- 

eady recovered from the 20 08–20 09 recession. Using banks’ pre- 

risis exposure to the cross-border interbank market as instrument, 

e find higher central bank funds to increase bank lending to ex- 

nte riskier firms. We further establish (i) that this effect is ampli- 

ed by a longer maturity of central bank funding and (ii) that the 

isk-taking sensitivity of banks borrowing from the ECB is inde- 

endent of idiosyncratic bank characteristics, such as size, liquid- 
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Table A.3 

The Number of Banks and Observations by Banking Group. 

Bank Type No. Banks 

No. Banks 

with CBF 

> 0 

Bank-Firm 

Observations 

Big (Multinational) Banks 5 5 166,816 

Head Institutes of Cooperative 

and Savings Banks 

12 12 156,537 

Smaller Private Banks 231 98 171,449 

Savings Banks 434 358 230,680 

Cooperative Banks 904 628 113,941 
∑ 

1,586 1,101 839,423 

Table A.4 

First-Stage Estimates. 

(1) (2) (3) 

CBF(TOTAL) ∗RISK CBF(SHORT) ∗RISK CBF(LONG) ∗RISK 

EXPOSURE(TOTAL) ∗RISK 0.031 ∗∗∗ - 

(0.00) 

EXPOSURE(SHORT) ∗RISK 0.007 ∗∗∗ -0.003 ∗∗∗

(0.00) (0.00) 

EXPOSURE(LONG) ∗RISK -0.041 ∗∗∗ 0.008 ∗∗∗

(0.00) (0.00) 

Bank-Time FE YES YES YES 

Firm-Time FE YES YES YES 

Observations 472,920 472,920 472,920 

R 2 0.820 0.834 0.778 

In this table, we show the estimates of a regression of the interaction between cen- 

tral bank funding over total assets (CBF, also disaggregated into their two maturity 

bands) and the firm risk dummy on the 2006 share of cross-border interbank de- 

posits interacted with the firm risk dummy. We further add firm-time and bank- 

time fixed effects. The standard errors are shown in parentheses. 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Table A.5 

Robustness Test (1). 

OLS OLS 

without big 

banks 

without big 

banks and 

head 

institutes 

(1) (2) (3) (4) 

�EXPOSURE �EXPOSURE �EXPOSURE �EXPOSURE 

CBF ∗ RISK 0.246 ∗∗∗ - 1.295 ∗∗ 1.432 ∗∗

(0.09) (0.56) (0.67) 

CBF(SHORT) ∗ RISK - 0.165 - - 

(0.13) 

CBF(LONG) ∗ RISK - 0.322 ∗∗∗ - - 

(0.12) 

Bank-Time FE YES YES YES YES 

Firm-Time FE YES YES YES YES 

Observations 472,920 472,920 367,663 279,218 

First-Stage F-Statistic - - 56.9 48.4 

This table presents the outcomes of several robustness checks. In columns (1)-(2), 

we run ordinary least squares regressions. Columns (3)-(4) drop big banks, and big 

banks as well as head institutes of cooperative/savings banks from the sample. The 

dependent variable throughout is the log change in the exposure of bank b to firm 

f in quarter t. The regressor is the interaction between bank-level CBF (partly dis- 

aggregated into the two maturity bands) and a firm risk dummy equal to 1 if a 

firm’s Z-score is below the median in the same year and industry. Columns (3)-(4) 

instrument this interaction with the interaction between bank-level 2006 interbank 

deposits to total assets and the firm risk dummy. We add firm-time and bank-time 

fixed effects. Standard errors are shown in parentheses and clustered at the bank- 

firm level. 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 
ty or capitalization. Finally, we show that the documented shift in 

ank lending behavior is associated with an increase in banks’ ex- 

ost risks (higher non-performing loans, loan loss provisions and 

isk density), but at the same time increases firm-level investment 

nd employment. Therefore, our results highlight the typical trade 

ff of expansionary monetary policy that the goal of boosting the 

eal economy commonly may come at the cost of potentially ag- 

ravated financial stability. 
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ppendix A. Additional Tables 

Table A.1 

Differences Between Banks With/Without CBF. 

Mean (CBF = 0) Mean (CBF > 0) Difference between groups 

SIZE 20.63 21.00 t = 22.56 

LIQUIDITY 21.01 20.76 t = -1.32 

CAPITAL 19.54 17.42 t = -11.44 

NPL 3.80 4.11 t = 6.25 

This table shows the means of the following bank-level controls for banks 

with/without central bank funding: Size (log of total assets), liquid assets in to- 

tal assets, the regulatory capital-to-risk weighted asset ratios and non-performing 

over total loans. 

Table A.2 

The Size Distribution of Sample Firms. 

Mean 5 th Median 95 th 

Total Assets 3,096.4 0.6 19.0 5,831.3 

Number of Employees 5,555.0 2 118 10,055 

This table presents the size distribution (total assets in millions of 

euro and number of employees) of firms in our sample. 
11 
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Table A.6 

Robustness Test (2). 

(1) (2) 

�EXPOSURE �EXPOSURE 

CBF ∗ RISK (INT. COVERAGE) 1.080 ∗ - 

(0.64) 

CBF ∗ RISK (LEVERAGE) - 3.383 ∗

(1.75) 

Bank-Time FE YES YES 

Firm-Time FE YES YES 

Observations 468,953 659,205 

First-Stage F-Statistic 48.6 19.7 

In this robustness test, we use alternative firm risk proxies. Particularly, we 

define firms risky if their leverage is higher or interest coverage is smaller 

than the respective median in the same year and industry. The dependent 

variable is the log change in the exposure of bank b to firm f. The regressor 

is central bank funding over total assets interacted with the aforementioned 

firm risk dummies. We use banks’ 2006 exposure to the cross-border in- 

terbank market interacted with the firm dummies as instruments. We add 

firm-time and bank-time fixed effects and the standard errors, clustered at 

the bank-firm level, are shown in parentheses. 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

S

f

R

A  

A  

A  

A

A

A

A

A  

A  

A  

A

A  

B

E

B  

B

B  

B

B  

B

B

B  

B

B  

D

C  

C  

C

C  

C  

C

D

D

D  

D

D

D  

D  

D  

D  

E  

F  

I
G

G

H

H

H  

H  

I  

J

J

J  

t

K  

K  

K  

K  

K  

L  

L

upplementary material 

Supplementary material associated with this article can be 
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