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Abstract

This paper provides evidence of a highly fragmented European interbank
market that is tightened during the COVID-19 pandemic, when the interbank
market was under stress. Using a unique dataset of unsecured, overnight in-
terbank loans at the transactional level allows me to apply advanced panel
methods. Furthermore, this paper shows liquidity hoarding during the pan-
demic and relationship lending as a German phenomenon. In addition, there is
evidence that borrowers, who have to pay higher rates in the market are more
likely to participate in tender auctions and that the COVID-19 pandemic had
the greatest impact on smaller interbank borrowers.
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1 Introduction

The proper channelling of liquidity via the interbank market, the market for banks'

short-term liquidity needs, is important for monetary policy transmission and the

intermediation of banks with the real economy. Fragmentation a�ects the market

mechanism, which makes both liquidity provision and monetary policy transmission

less e�ective. Therefore, it is crucial to understand the mechanism of interbank mar-

kets and the interaction with monetary policy, especially during periods of distress

such as the COVID-19 pandemic (Acharya and Merrouche, 2013; Cocco, Gomes,

and Martins, 2009).

As an external and global shock, the COVID-19 pandemic has spread to almost

all countries in the world. In addition to human su�ering and loss of lives, the

pandemic caused not only e�ects to society and health systems but also economic

downturns. The world's largest economies were particularly hard hit, among them

central Europe (Baldwin and Weder di Mauro, 2020; Elgin, Basbug, and Yalaman,

2020). Beside several aid packages by European countries, the ECB announced

from mid-March onwards several monetary policy measures such as an easing for

longer-term re�nancing operations (TLTRO), an e 750 billion pandemic emergency

purchase programme (PEPP) or new pandemic emergency longer-term re�nancing

operations (PELTROs) (European Central Bank, 2022b). Nevertheless, shutdowns

or restrictions on travel and mobility came along with �nancial market turmoil and

heighten uncertainty (OECD, 2020).

COVID-19 causes changes in lending and borrowing conditions in the interbank

market such as rising loan rates and decreasing loan size as well as a lower proba-

bility of trading a loan between two banks. Due to the immense liquidity provision

via the Eurosystem in the aftermath of the great �nancial crisis, starting in 2007,

COVID-19 emphasizes uncertainty rather than a liquidity squeeze in the banking

system.

This paper analyses the fragmentation within the European interbank market, the
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role of liquidity endowment, relationship lending and monetary policy liquidity pro-

vision, especially during periods of stress like the COVID-19 pandemic.

Using a unique dataset of unsecured, overnight interbank loans at the transac-

tional level between bank-pairs allows the use of time-varying �xed e�ects (based on

Khwaja and Mian (2008)). Applying time-varying �xed e�ects �xes the demand side

of a loan, for example borrower credit risk, and isolates supply e�ects. In addition,

COVID-19 can be used as a natural experiment and allows me to identify causal

e�ects.

This paper provides evidence of a highly fragmented interbank market which tight-

ened during the pandemic. While the spread of loan rates between Germany and

other Eurozone countries increases, the comparative advantage of institutional loans

versus a regular loans within Germany diminishes in the COVID-19 pandemic.1 In

addition, it shows that liquidity hoarding is taking place during COVID-19. Central

bank liquidity does not enter the market during the pandemic. The e�ect is larger

for Germany than for the entire Eurozone. Relationship lending is a harming factor

during the crisis,2 but there is evidence, that relationship lending is a German phe-

nomenon. While there is no relationship lending e�ect for Eurozone countires other

than Germany, the e�ect for Germany is economically large. In addition, aggre-

gated relationship e�ects at the borrower level show, that being a major borrower

compensates for the shock, but having a relation to a major lender has the opposite

e�ect. Therefore there is evidence, that the direction of relationship lending plays

an important role. Furthermore smaller borrower are a�ected more than large ones

by COVID-19. Finally, borrower banks that have to pay higher borrowing rates the

week before a tender is announced are those with a higher probability of participat-

ing. The results are robust to placebo tests and di�erent COVID-19 measures.

1An institutional loan is classi�ed as a loan within the German savings or corporate banking
sector while a regular loan is a loan either between private banks or private banks and savings or
cooperative banks.

2Which is both liquidity hoarding and relationship lending, in line with the recent literature,
e.g. Heider, Hoerova, and Holthausen (2015); Bräuning and Fecht (2017).
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The paper is related to several recent strands of literature: the interbank literature

and �nancial networks, the interaction between monetary policy, liquidity provision

and endowment as well as the behaviour of the banking system and the recent pan-

demic and COVID-19 literature.

To my knowledge, this is the �rst paper to combine the European and German

Money Market and provide evidence of the fragmentation of the European inter-

bank market by analysing unsecured overnight interbank loans subject to a global

exogenous shock outside the system. As well as contributing to several recent strand

of literature this paper is relevant for �nancial stability and monetary policy decision

making.

The paper is organised as follows: After describing the contribution to the literature

in Section 2, Section 3 describes the underlying data, variables and shows descriptive

statistics. Section 4 motivates the empirical strategy and describes the hypothesis

tested, Sections 5 and 6 show the results and the robustness and Section 7 concludes.

2 Literature

In theory, interbank markets are de�ned as the private market for banks' short-term

liquidity needs in trading liquidity, both overnight and unsecured. The intermedia-

tion of banks with the real economy could be stressed if liquidity is not channelled

through the banking system as, where it is most e�cient. Additionally, the mon-

etary policy transmission mechanism is less e�ective. Therefore, the major central

banks around the world (the Federal Reserve, the Bank of England and the ECB,

to name but a few) provide liquidity by means of emergency lending operations or

asset purchase programmes in times of �nancial distress such as the great �nancial

crisis which started in 2007 (Acharya and Merrouche, 2013).

While unconventional monetary policy measures have remained in place since 2007,

the interbank market is often seen as irrelevant (Deutsche Bundesbank, 2019). Com-
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paring descriptive statistics from Bräuning and Fecht (2017) with the underlying

data of Figure 1b shows the activity of the market: while in the period from March

1, 2006 to August 8, 2007 and after the outbreak of the �nancial crisis on 9 August

2007, the German interbank market had a total volume of granted loans of e5 billion

and e8 billion (Bräuning and Fecht, 2017, p.42) the interbank market in the �rst

half of 2020 had an average volume of e21 billion per day prior to the COVID-19

pandemic and e15 billion per day afterwards. Bednarek, Dinger, and von Western-

hagen (2016); Afonso, Kovner, and Schoar (2011); A�nito (2012); Cocco, Gomes,

and Martins (2009) also �nd, that interbank markets did not dry up in Germany,

Italy, Portugal or the US in periods of distress.

Analysing the structure of interbank market networks, Bräuning and Fecht (2017)

show that relationship lending prevails. Using transactional data of unsecured Ger-

man interbank loans from the RTGSplus system3 and analysing it via an algorithm

similar to Fur�ne (1999), they provide empirical evidence that relationship lending

reduces asymmetric information problems (counterparty risk) and matters for the

pricing and availability of interbank loans. In detail, they show that relationship

lending has a positive e�ect on access to liquidity and a negative e�ect on bilateral

interest rates during market distress. Afonso, Kovner, and Schoar (2013) support

these �ndings, using data on the federal funds market in the US.

Han, Nikolaou, and Tase (2022) document strong and stable relationships within the

secured money market, by analysing triparty repos within the US short-term fund-

ing market. They �nd evidence that relationships a�ects the probability of trading,

the volume and the price of a trade and that those relationships support stability

during periods of stress.

Cocco, Gomes, and Martins (2009) study the Portuguese interbank market and ar-

gue that interbank markets are fragmented in nature. While direct loans, negotiated

between lender and borrower, are agreed on one-to-one basis other � smaller � banks

3The precursor of TARGET 2.
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do not have similar access to the same terms. They describe bank relationships as

an important determinant of the availability of liquidity and the ability to access

the market. Furthermore, they �nd that banks with larger imbalances in reserve

deposits are more likely to borrow from relationship lenders to receive a lower rate.

In addition, they �nd that smaller banks with a higher share of non-performing

loans have limited access to the market and rely more on relationship lenders. They

also �nd that banks with more volatile changes in daily liquidity rely more on re-

lationship lending with counterparts that have less volatile liquidity balances, and

construct relationships with banks with which they have a lower correlation of liq-

uidity shocks. Instead, Ashcraft and Du�e (2007) argue that relationships are due

to search frictions and repeated interbank lending. They analyse the federal funds

market before the 2007-09 crisis and document a signi�cant impact of relationships

on lending and a smaller one for borrowing. They argue that larger institutions are

more likely to be counterparties and that more active banks are in a better position,

by taking pro�ts.

Interbank markets are strongly connected to monetary policy implementation due to

its primary objective of channelling liquidity. As stated before, if interbank markets

do not work properly, the monetary policy transmission mechanism is less e�ective.

Therefore, many papers analyse the interaction between central bank liquidity, liq-

uidity endowment and interbank networks.

In a recent paper, Duncan, Horvath, Iercosan, Loudis, Maddrey, Martinez, Mooney,

Ranish, Wang, and Warusawitharana (2022) evaluate the bank regulatory frame-

work in the US during COVID-19 as a stress test. They �nd a COVID-19 related

increase in liquidity, mainly driven by central bank reserves. Furthermore, they

�nd that banks choose to retain their liquidity holdings and use Federal Reserve

liquidity facilities. They argue that banks prefer larger liquidity bu�ers in times

of economic uncertainty. This is in line with a theoretical model by Acharya and

Rajan (2022), who argues that �ooding banks with central bank reserves does not
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necessarily expand liquidity in the market. Instead, previous research by Ashcraft

and Du�e (2007) �nds that there is a strong link between the counterparty liquidity

balance and the probability of trading a loan in the Federal Funds market. Higher

balances come along with an increasing probability of being a lender while lower

ones increase the probability of being a borrower. Furthermore, they show that

increasing balances result in reducing loan rates during the last hours of the trading

day. Again, more active banks negotiate a higher loan rate if they are lenders and

a lower rate if they are borrowers.

Since the global �nancial crises that began in 2007, a huge range of economic crisis

research has been done. The outbreak of COVID-19 has a�ected the global econ-

omy and is not only challenging from a healthcare and medical viewpoint but also

from an economic perspective. Therefore, the Centre for Economic Policy Research

(CEPR) launched a dedicated series of papers entitled COVID-19 Economics Papers

at the End of March 2020. This is open to all areas of economics which acknowledge

the importance of the research area (Centre for Economic Policy Research, 2022).

Highlighting banking research on COVID-19, Sedunov (2021) analyse the relation-

ship between Federal Reserve emergency actions and systemic risk in the US during

the global �nancial crisis and the COVID-19 pandemic. The paper �nds that liq-

uidity provision and open market operations were linked to a reduction in systemic

risk during the global �nancial crisis but that no such e�ects are identi�ed for the

COVID-19 pandemic. Levine, Lin, Tai, and Xie (2021) investigate the massive liq-

uidity in�ow through deposits during the pandemic. They �nd a higher decline in

deposit interest rates for bank branches in high COVID-19 incidence counties than

in countries with lower infection rates. They provide evidence that higher local

COVID-19 infection rates are related to households' greater anxiety about income

losses and future employment, which results in reduced spending and increased sav-

ing via deposits. Bräuning, Fillat, and Wang (2022) provide evidence that small and

mid-sized �rms in the US with higher leverage had tighter constraints in accessing
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bank credit after the outbreak of COVID-19. Those �rms with higher pre-COVID-

19 leverage received smaller loan amounts and had to pay higher rates. The e�ect

is driven by loans, granted by banks with below median capital bu�ers. The �rms

most strongly a�ected were not able to substitute the debt, therefore they faced

a higher reduction in total debt, a decline in investment and employment. The

public support measures, especially the Paycheck Protection Program (PPP) in the

US mitigated the e�ects. Duncan, Horvath, Iercosan, Loudis, Maddrey, Martinez,

Mooney, Ranish, Wang, and Warusawitharana (2022) use COVID-19 as a stress test

on the bank regulatory framework in the US. Despite the �ndings about liquidity

requirements, mentioned before, they �nd overall robust capital and liquidity levels,

which resulted in a resilient banking system and that lending and market mak-

ing were maintained through the early stage of the pandemic. Further research on

COVID-19, e.g. the interaction with central bank liquidity (Anderson, Chang, and

Copeland, 2020) or �nancial markets (Ali, Alam, and Rizvi, 2020) has been done.

There is little research on the e�ects of COVID-19 and the interbank market or �-

nancial network. Bodnár (2021) examines the structure of the Hungarian unsecured

interbank network descriptively. He �nds an increase in turnover of roughly 30 %

post COVID-19, accompanied by higher and more volatile interest rates. Further-

more, he �nds a higher borrower concentration and more banks acting as lenders

than as borrowers.

3 Data

The main data source covers all unsecured overnight interbank loans reported under

the Money Market Statistical Reporting (MMSR) scheme, banks' current accounts

and minimum reserve requirements as well as data from the Eurosystem's TLTRO-

III tender operation.
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The MMSR is a transaction-by-transaction dataset which covers the European

money market, with the main objective of calculating the Euro Short-Term rate

(eSTR). Under the MMSR Regulation, the 47 largest European banks have to

report their money market transactions in Euro on a daily base. Due to the het-

erogeneous structure of the banking sector in Germany, the Bundesbank decided to

create a German subset, which contains 115 reporting agents4 from Germany. 14

out of the 115 agents are based upon the ECB criterion, which results in 148 report-

ing agents in total. The banks are obligated to report each single money market

transaction in the following segments: secured, unsecured, foreign exchange swaps

and overnight index swaps. The data contains several items of identi�er, counter-

party, trading time, pricing and interest rate information, volumes and terms of the

transactions. Furthermore, the banks have to report whether they are the lending

or borrowing party. If there are reporting agents, trading with each other, there

are double transactions in the dataset, which have to be cleaned by an algorithm

(Hirsch and Yalcin-Rode, 2022; European Central Bank, 2022a).

The underlying data are restricted to the unsecured segment and covers overnight

loans between banks where both counterparties are available: 118 banks act as lender

and 739 banks act as borrower and in total, the network contains 1,091 bank-pairs.

The data covers a period from January 1, 2020 to June 9, 2020, which marks the

end of the third maintenance period in 2020.

3.1 Variables and Descriptive Statistics

Restricting the data to the unsecured, overnight interbank market, the main variable

of interest are Loan Amountijt, the corresponding logarithm Log(Loan Amount)ijt,

Loan Rateijt and Loan Dummyijt which equals one for a loan and zero otherwise, for

lender i, borrower j and day t. In addition the network measures of loan preference

4Reporting agents have to report all money market transactions conducted with �nancial corpo-
rations (i.e. banks), general government or non-�nancial corporations, either acting as a borrower
or a lender bank. Given the large number of counterparties, the number of reporting agents di�er
from the number of lender and borrower banks.
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and borrower preference index (LPIijt and BPIijt) as well as Excess Reservesit of

lender banks are used. According to Bräuning and Fecht (2017) interbank relation-

ship measures are calculated in Equations 1 and 2:

LPIijt =

∑
t′∈T yi,j,t′∑

i

∑
t′∈T yi,j,t′

(1)

The Lender Preference Index (LPIijt) is a ratio of loans between two banks, lender

bank i and borrower bank j, over total lending of bank i. LPIijt is calculated within

a rolling window of the last 30 days. LPIijt shows the concentration of a lender bank

to a speci�c borrower bank.

BPIijt =

∑
t′∈T yi,j,t′∑

j

∑
t′∈T yi,j,t′

(2)

The Borrower Preference Index (BPIijt) is similar to LPIijt. The numerator and the

rolling window stay the same while the denominator captures the borrowing of bank

j instead of bank i 's lending. So BPIijt shows the concentration of a borrower bank

to a speci�c lender bank.

Excess Reservesit =
(Reserve Holdingsit −Minimum Reserve Requirmentit)

Days left within the Maintenance Period
(3)

The liquidity measure Excess Reservesit describes the excess reserves of a lender i at

day t, normalised by the days left within the maintenance minimum reserve period.5

Table 1 shows descriptive statistics of the di�erent datasets. Panel A represents

summary statistics at the transaction level, of all loans at the unsecured overnight

interbank market. In total, 60,576 unsecured interbank loans are traded overnight

during the period January 1, 2020 to June 9, 2020. The average Loan Amountijt

equals e45.1 million with a Loan Rateijt of -0.381%. Lender banks hold on average

e1.204 million Excess Reservesit, borrower's average Excess Reservesjt are e338.4

5The analysis includes just the lender side; for the sake of completeness the liquidity endowment
for borrowers is shown in the descriptive statistics.
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million. The ratio of borrower concentration by lender, measured by LPIijt, equals

0.154 on average while borrower banks have a much higher concentration to their

lender, measured by BPIijt, of on average 0.745.

86.5 % of all transactions are Eurozone loans, 79.7% are German loans, 71.1% insti-

tutional loans and 8.6% German, private, non-institutionals. A Eurozone or German

loan is characterised if both counterparts are located within the Eurozone or Ger-

many, respectively. An institutional loan is characterised by lender and borrower

from the same bank subsector: savings/federal state or corporate banks6, trading

within their own banking subsector while non-institutional German loans are the

remaining, private, loans within Germany. In total 82.6% loans are domestic loans,

within the national interbank market and 17.4% loans are traded cross-border. Fo-

cusing on the lender side, 88.7% of all loans have an Eurozone lender, 80% a German

and 11.3% a non-Eurozone lender bank. The COVID-19 pandemic marks 52.4% of

all observations, starting after March 12, 2020, the day after the WHO declared

COVID-19 as a pandemic (WHO, 2020).

Due to the heterogeneity of the European banking sector, I identify �ve subgroups

within the European interbank market: Eurozone (Panel B), Germany (Panel C),

German non-institutionals (Panel D), German institutionals (Panel E) and Euro-

zone w.o. Germany (Panel F).

In Panel B, both counterparts are within the Eurozone. The Loan Amount ijt is

smaller and the Loan Rateijt higher compared to the dataset where worldwide trad-

ing in Euro is included. Relationship measures deviate slightly. The German inter-

bank market represent 92.2% of the Eurozone loans, 95.5% of the loans are domestic

and just 4.5% cross-border trades within the Eurozone. 92.4% loans have a German

lender.

Not surprisingly, the German descriptive statistics in Panel C are similar to those

of the Eurozone except of the excess reserves. While the Excess Reservesit of lender

6The German subsector of `Sparkassen', `Landesbanken' or `Genossenschaftsbanken'.
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banks are quite similar (e1.1 million in Germany and the Eurozone), those of bor-

rower banks di�er substantially (e28.27 million in Germany vs. e137.8 million in

the Eurozone). Within Germany, 89.2% loans are institutional and 10.8% are pri-

vate loans. Due to the high share, the German descriptive statistics seem to be

driven by institutional loans and again quite similar. Di�erences are found in com-

paring descriptive statistics of German non-institutional, private, loans to those of

institutional loans. Especially the Loan Rateijt and the relationship measures di�er

most. While both groups lend on average roughly the same amounts (average Loan

Amountijt e43.94 million for non-institutionals vs. e41.42 million for institution-

als) the non-institutionals are those who are paying more volatile and higher Loan

Ratesijt of on average 1 basis points. Institutional loans seems to be much more

concentrated on lenders than on borrowers (average LPIijt 0.028 and BPIijt 0.889)

than non-institutionals (average 0.276 LPIijt and 0.528 BPIijt).

Descriptive statistics of the European non-German interbank market are noticeably

di�erent to those for Germany. Loan size and rates are much smaller and Eurozone

banks seem to be highly concentrated on borrowers rather than lenders (average

LPIijt: 0.74, BPIijt: 0.291). The excess reserves are much higher for borrowers in

the Eurozone excluding Germany (e1,497 million) and almost the same for lender

as in Germany. While in Germany domestic lending marks more than 95%, 50.5%

of Eurozone others than Germany trading is cross-border but within the Eurozone.

To analyse aggregated e�ects a panel at the borrower level is used. While the av-

erage volume-weighted Borrowing Ratejt is similar to the rate at the transaction

level, Total Borrowingjt re�ects the total borrowing amount per day. On average,

a borrower bank borrows e58.83 million and receives 1.29 loans per day. The re-

lationship measures are volume-weighted and similar to the transaction level. The

German share of borrower banks' borrowing is 0.92%. 5.5% of the borrower banks

are ECB and 1.8% large German reporting agents7 while roughly 85% of the bor-

7ECB reporting agents are the 47 largest European banks while large German reporting agents
are the largest 14 banks which report based on ECB criteria.
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rower banks are institutional borrowers.

At the tender level, the probability of receiving a loan, the week before the TLTRO-

III is announced (March 9 to 13, 2020) is on average up to 90%. The average

volume-weighted borrowing rate during that week is -0.392 and on average 83% of

banks participating in the tender operation are active in the market the week before.

Conversely, 114 (20.2%) of the trading banks were participating in the TLTRO-III.

The amount settled is e1.008 billion.

4 Empirical Strategy and Hypothesis

4.1 COVID-19

Figure 1a and 1b show the market reaction after the start of the COVID-19 pan-

demic in Europe.8 While the market volume decreases over time, the average loan

(a) Lending Rate Europe (b) Market Volume Europe

Figure 1: COVID-19 E�ects

rate immediately jumped by roughly 5 basis points. It took about three months to

stabilise the rates to almost the level, before the outbreak, despite the intervention

of the Eurosystem.

Referring to Figures 1a and 1b, the �rst Regression Equations and hypotheses uses

8Horizontal line: March 12, 2020.
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the COVID-19 pandemic as a natural experiment. This brings us to the �rst Re-

search Question:

Research Question 1 How does the European interbank market, especially the

lending and borrowing conditions, react to the global COVID-19 pandemic shock?

To answer Research Question 1 , I set up a baseline model, described in Equation

4.

yijt = β0 + β1Post Covidt + αi + γj + εijt (4)

yijt is either the Loan Rateijt, Log(Total Amount)ijt or Loan Dummyijt. Post Covidt is

a dummy variable which equals one for the post-COVID-19 period (from March 12,

2020 to June 9, 2020) and zero otherwise. αi and γj captures lender and borrower

�xed e�ects and εit the error term. Standard errors are clustered at the bank-pair

and date level. Based on previous research, hypotheses 1 summarises the possible

channels.

Hypothesis 1 The pandemic, as an exogenous shock, results in higher loan rates,

lower loan amounts and a decreasing probability of trading interbank loans.

4.2 Fragmentation of the European Interbank Market

The European banking system in general and the German banking system in par-

ticular are considered to be highly heterogeneous (Hirsch and Yalcin-Rode, 2022).

Figures 2a and 2b give �rst indications. While the average loan rate shows an im-

mense increase, the Eurozone excluding Germany react di�erently. While German

loans (and the subgroups where those loans are included) show the same jump in

loan rates, loans of the Eurozone excluding Germany tend to be una�ected or even

decline over time. As regards market volume, it seems that institutional loans (and

14



(a) Lending Rate per Subgroup (b) Market Volume per Subgroup

Figure 2: Fragmentation

the subgroups where those loans have higher shares), decline over time while Ger-

man non-institutionals and loans from the Eurozone excluding Germany are much

less volatile in market volume. Therefore, the second Research Question is:

Research Question 2 Is the European interbank market fragmented in lending and

borrowing conditions, especially during COVID-19?

To answer Research Question 2, Equation 5 estimates di�erences between subnet-

works:

yijt = β0 + β1xi(j)t + β2xi(j)t × Post Covidt + αi + ϕjt + εijt (5)

yijt is again either the Loan Rateijt, Log(Total Amount)ijt or Loan Dummyijt. Post

Covidt is a dummy variable which equals one for the post COVID-19 period (from

March 12, 2020 to June 9, 2020) and zero otherwise. xi(j)t is either one of the

following dummy variables, which marks di�erent subnetworks within the interbank

market: German Loanijt, Institutional Loanijt, Cross-Border Loanijt or Non-Eurozone

Lenderit. αi captures lender �xed e�ects while ϕjt captures time-varying borrowing-

day �xed e�ects and εit the error term. Standard errors are clustered at the bank-pair

and date level.

Hypothesis 2 summarises the possible channels.
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Hypothesis 2 The European interbank market is highly fragmented. There are dif-

ferences in loan conditions between subgroups and COVID-19 has a negative impact

on fragmentation.

4.3 Liquidity Endowment

Given the interaction between liquidity endowment, monetary policy implementa-

tion and the interbank market for unsecured overnight liquidity, there is an endo-

geneity problem between liquidity endowment and trading measures. Having an

exogenous shock like the COVID-19 pandemic allows me to identify causal e�ects

by using interaction terms. This leads us to the third Research Question:

Research Question 3 What is the e�ect of liquidity endowment during the COVID-

19 pandemic? Does central bank liquidity via central bank reserves get channelled

properly?

To answer Research Question 3, I set up the following Regression Equation:

yijt = β0 + β1Reservesit−1 + β2Reservesit−1 × Post Covidt + αi + ϕjt + εijt (6)

yijt is either the Loan Rateijt, Log(Total Amount)ijt or Loan Dummyijt. Post Covidt

is a dummy variable which equals one for the post COVID-19 period (from March

12, 2020 to June 9, 2020) and zero otherwise. Reservesit-1 is the �rst lag of excess

reserves of the lender bank, de�ned in Equation 3. ϕjt are time-varying borrowing

day �xed e�ects and εijt the error term. Standard errors are clustered at the bank-

pair and date level. Hypotheses 3a and 3b summarise the possible channels.

Hypothesis 3a Liquidity does not enter the market. Higher lender liquidity en-

dowment leads on average to an increase in loan prices and a reduction in loan size,

associated with a lower probability of trading a loan.

Hypothesis 3b Higher liquidity endowment results in higher market activity. Higher
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loan supply results in lower rates, a higher probability of trading a loan and higher

loan amounts. The market is used to channel central bank liquidity.

4.4 Relationship Lending

Several paper analyse the role of relationships in �nancial networks. Most of them

�nd a positive e�ect of relationship lending, especially during distressed times.

Therefore, Research Question 4 is:

Research Question 4 What is the role of relationship lending during COVID-19?

Do relationships harm the e�ect of distressed markets and do they di�er between

subgroups?

To analyse question 4, the relationship measure is included, shown in Equation 7:

yijt = β0 + β1Relationshipijt + β2Relationshipijt × Post Covidt + αi + ϕjt + εijt

(7)

yijt is again either the Loan Rateijt, Log(Total Amount)ijt or Loan Dummyijt. Post

Covidt is a dummy variable which equals one for the post COVID-19 period (from

March 12, 2020 to June 9, 2020) and zero otherwise. Given that this part focuses on

the lender side, Relationshipijt is the network measure LPIijt, de�ned in Equation 1.

αi captures lender �xed e�ects while ϕjt captures time-varying borrowing day �xed

e�ects and εit the error term. Standard errors are clustered at the bank-pair and

date level.

In addition, to further analyse questions 4, Regression Equation 8 is used:

yijt = β0 + β1xi(j)t + β2LPIijt + β3Post Covidt + β4xi(j)t × Post Covidt

+ β5xi(j)t × LPIijt + β6LPIijt × Post Covidt

+ β7xi(j)t × LPIijt × Post Covidt + αi + ϕjt + εijt

(8)
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yijt is again either the Loan Rateijt, Log(Total Amount)ijt or Loan Dummyijt. xi(j)t is

either one of the following dummy variables which mark di�erent subgroups within

the interbank market: German Loanijt, Institutional Loanijt, Non-Eurozone Lenderit

or Cross-Borderijt. LPIijt is the lending preference index, shown in Equation 1.

Hypothesis 4 The network structure, in particular a strong and stable relationship

within the interbank market, mitigates shocks and spillovers. The fragmentation

results in di�erent e�ects for di�erent subgroups.

4.5 The Eurosystem's Tender Auction

This Section analyses the interaction between the European interbank market and

the liquidity provision of the Eurosystem. To do so, I have created a cross-sectional

data set of 474 banks. It includes all active banks on the interbank market the

week before the tender announcement, on March 16, 2020 (individual bid limits

and borrowing allowance) and overall conditions on March 17, 2020. Therefore,

interbank borrowing is taken into account from March 9 to 13, 2020, the week

before the pandemic hit the market. Therefore the sharp increase in loan rates seen

in Figure 1a is part of the aggregates.

Research Question 5 How do interbank conditions the week before the TLTRO-

III tender in�uence the decision in participating?

To answer the question in a �rst step the probability of trading is estimated in a

balanced panel during the week before the tender auction.

Loanjt = β0 + β1xjt + γj + εjt (9)

Loanjt is a dummy variable which is one for borrowing and zero otherwise. xjt

is either BPIjt or LPIjt while γj capture borrower �xed e�ects. The regression
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estimation estimates the average probability of borrowing per bank as a function of

the underlying relationship measures. The �tted value of Regression Equation 9 is

used as a regressor in Regression Equation 10.9

Tenderb = β0 + β1Log(Total Borrowing)b + β2Borrowing Rateb + β2Loanb + εb

(10)

Tenderb is a dummy variable which is one for tender participation and zero otherwise.

Log(Total Borrowing)b capture the logarithm of total borrowing, Borrowing Rateb

the volume-weighted borrowing rate and Loanb the �t of regression 9. Hypotheses

5a and 5b summarise the possible channels. Hypothesis 5a refers to the market

mechanism and evaluate tender auctions as substitutes for the market and 5b refers

to the liquidity hoarding argument.

Hypothesis 5a Banks with a higher probability of receiving loans via the market

due to relationship measures are those who have a lower probability in participating

in tender auctions. Paying higher rates and receiving less liquidity increases the

probability of tender participation.

Hypothesis 5b Liquidity hoarding is happening via tender auctions. Those banks

who are very active in borrowing higher amounts have also a higher probability of

participating in the market.

9Following (Wooldridge, 2010, p.116f.), replacing an unobserved variable qi by a generated
regressor q̂i does not cause consistency problems. Consider the �rst-stage coe�cient of the unob-
served regressor qi as δ and the coe�cient of q̂i in the second stage to be γ. Standard errors and
test statistic of the second stage are invalid because they ignore the sample variation in δ̂ (usually
the �rst stage regression uses the same sample of data than the second stage). Nevertheless, there

is one important exception where the sampling variation of δ̂ can be ignored, which I apply here:
the null hypothesis H0 : γ = 0 in stage two, which is the case in standard OLS regressions by
de�nition. The t-statistic on q̂i has a limited standard normal distribution under H0 and can thus
be used to test under normal OLS assumptions.
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4.6 The Aggregated Borrowing Side

In earlier Sections of this paper, I run analyses at the transactional level, which has

advantages such as time-varying �xed e�ects. However, the models do not allow me

to control for aggregated e�ects at the bank level. Having knowledge about changes

in loan conditions due to COVID-19, fragmentation and relationship lending, it is

crucial to know about aggregated e�ects and which part of the interbank borrowing

is hit most. Therefore Research Question 6 is summarised as follows:

Research Question 6 Which borrower banks face higher costs associated with COVID-

19?

I construct an aggregated sample at the borrower level. Descriptive statistics can

be found in Section 3 and Table 1. Regression Equation 11 describes the model.

yjt = β0 + β1xjt + β2xjt × Post Covidt + γj + δt + εjt (11)

yit is either the aggregated and volume-weighted Borrowing Ratejt or Log(Total

Borrowing)jt per day. Post Covidt is a dummy variable which equals one for the

post-COVID-19 period (from March 12, 2020 to June 9, 2020) and zero otherwise.

xjt is either one of the following variables: the dummy variables ECB Borrowerj and

Large BBK Borrowerj, which both are one for the ECB sample (47 largest banks) or

the German banks based on the ECB criterion (14 banks) and zero otherwise. Both

dummies are proxies for the largest Eurozone or German banks. German Lenderjt

and Institutional Loansjt both control for the share of German or institutional lend-

ing per borrower. Furthermore, xjt can be one of the following network measures:

LPIjt, capturing the volume-weighted and aggregated relationship measure of bor-

rower's lenders and BPIjt, which controls for the aggregated and volume-weighted

borrower relationship. γj captures borrower �xed e�ects while δt captures date �xed

e�ects and εit is the error term. Standard errors are clustered at the borrower and

date level. Hypothesis 6 summarises the possible channels.
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Hypothesis 6 Based on earlier analyses, COVID-19 results overall in higher bor-

rowing costs and lower total borrowing. Larger borrowers are less a�ected than

smaller ones. Borrower with stable networks are better able to compensate for the

shock, but only if they represent a relevant role in the relationship.

5 Main Results

5.1 COVID-19

Figure 1a and 1b provide graphical evidence of the reaction of loan rates and the

interbank market volume. While Figure 1a shows an sharp increase in loan rates by

roughly 5 basis points, 1b shows a decline of the market volume of 50% over time.

To substantiate this �nding, table 3 shows the results from estimating Equation 4

and reports the results at the transactional levels of panel A. Yijt is the Loan Rateijt

in column 1, Log(Total Amount)ijt in 2 as well as Loan Dummyijt in 3. Post Covidt

is a dummy variable which equals one during the pandemic (after March, 12, 2020)

and zero otherwise. All regressions use the Ordinary-Least-Square (OLS) method.

Standard errors are clustered at the bank-pair and date level.

Controlling for single borrower and lender �xed e�ects, the coe�cient of β1, is statis-

tically highly signi�cant in all regressions of Table 3 at the 1% signi�cance level. An

interbank loan has on average during the COVID-19 pandemic a 5.94 basis points

higher loan rate than before. Compared to the average loan rate of -0.381 this in-

crease is economically large. Moreover, COVID-19 results in an, on average, 8.9%

lower loan size (at the disaggregated transactional level), which is again an econom-

ically large result given the continuous decreasing of total market volume over time,

seen in Figure 1a. The probability of trading a loan decreases slightly by on average

0.03 percentage point.

This �ndings support hypothesis 1, more precisely, the COVID-19 pandemic seems

to be an exogenous shock to the market. Even though the market is not short of
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liquidity, the increasing uncertainty of the pandemic is associated with signi�cantly

higher loan rates, lower loan amounts and a lower probability of trading a loan.

5.2 Fragmentation of the European Interbank Market

To document the fragmentation within the European interbank market, Tables 4

and 5 show the results of Equation 5. Yijt is the Loan Rateijt in columns 1 and 2,

Log(Total Amount)ijt in 3 and 4 as well as Loan Dummyijt in 5 and 6. Lender and

time-varying borrower-day �xed e�ects as well as clustered standard errors at the

bank-pair and day level are used in all regressions.

Table 4 shows the heterogeneity within the European interbank market. Columns

1, 3 and 5 use the Eurozone panel B and check whether loans from Germany have

di�erent loan conditions than those of the Eurozone excluding Germany. German

Loanijt is a dummy variable, equals one for a German loan and zero otherwise. The

interaction term Post Covidt×German Loanit shows the additional e�ect of having

a German loan during the pandemic.

In normal times, German loans have on average a 1.96 basis points higher loan rate,

a 183% higher loan size and a 1.93 percentage point higher probability of trading

than loans from the Eurozone excluding Germany. While the loan rate is signi�cant

at the 5 % level, the loan size and the loan dummy are highly signi�cant at the 1%

level. COVID-19 increases the fragmentation of loan rates on average by 0.91 basis

point and lowers the gap in lending probability by 0.12 percentage point. Again,

the pandemic interaction term of the loan rate is signi�cant at the 5% level and

the interaction term of the loan dummy at the 1% level. There is no additional

e�ect on loan size due to COVID-19. A 2.9 basis points di�erence in loan rates

is economically large, in particular taking into account, the fact that 95.5% of the

Eurozone market is domestic and highly standardized. Moreover, a loan size di�er-

ence of almost twice as high in Germany compared to the rest of the Eurozone is

economically very large, even if there is no additional COVID-19 e�ect.
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Columns 2, 4 and 6 use panel C, the domestic German interbank market and show

the e�ect of having an institutional loan compared to a private, non-institutional

German loan. German Institutional Loanijt is a dummy variable which equals one

in case of an institutional loan within Germany and zero otherwise. The interaction

term Post Covidt×German Institutional Loanijt shows the additional e�ect of having

an institutional loan during the pandemic.

Institutional loans have on average a 4.6 basis points lower loan rate, a 60.7% higher

size and a 2.94 percentage point higher probability of trading compared to private,

non-institutional loans in Germany. All coe�cients are highly signi�cant at the 1%

level. Within Germany, COVID-19 diminishes the fragmentation in loan rates by

3.2 basis points and the probability of trading by 0.3 percentage point. Again, there

is no additional e�ect of loan size due to COVID-19. While the di�erences in all

three loan characteristics are economically large COVID-19 appears to diminish the

comparative advantage of being part of the institutional lending network.

While Table 4 shows evidence of fragmentation between having a domestic German

loan vs. loans in the Eurozone excluding Germany, Table 5 analyses foreign vs.

domestic borrowing of German banks.10 Columns 1, 3 and 5 shows the e�ect of do-

mestic vs. foreign borrowing in Germany; the interaction term Post Covidt×Cross-

Borderijt shows the e�ect of having German cross-border borrowing during the pan-

demic. German cross-border borrowing has on average a 6.35 basis points higher

loan rate and a 0.13 higher probability of trading during COVID-19; both coe�-

cients are statistically highly signi�cant at the 1% level. There is no e�ect on loan

size.

Columns 2, 4 and 5 of Table 5 compare the e�ect of having a lender outside or

inside the Eurozone for German borrowers, therefore the interaction term Post

Covidt×Non-Eurozone Lenderit shows the e�ect of a German borrower having a

non-Eurozone lender during the pandemic. German borrowing from a non-Eurozone

10Cross-border borrowing is just 4.5% of German borrowing. Having time-varying borrower-day
�xed e�ects enables me to perform a reduced-form regression of an interaction term of COVID-19.
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lender has on average 3.26 basis points higher loan rates and a 0.07 percentage points

higher probability of trading during COVID-19 compared to lender inside the Euro-

zone. The coe�cient of the loan rate is signi�cant at the 5% and for the loan dummy

at the 1% level. There is no e�ect on loan size. Again, the e�ects for domestic vs.

foreign borrowing are economically large.

Both results support hypothesis 2: the European interbank market seems to be

highly fragmented. Between the subgroups in the European interbank markets loan

rates, loan size and the probability of trading di�er signi�cantly. COVID-19 in-

creases the fragmentation in loan pricing at the European level, while loan size does

not show any e�ect. Within Germany, the advantage of having an institutional loan

decreases by lowering the gap in loan rates and trading probabilities. Instead of

having a convergence of both groups, just the institutional loans surrender their

advantages. Furthermore, there are di�erences in loan conditions for domestic vs.

foreign borrowing in Germany.

5.3 Liquidity Endowment

Table 6 shows the results of Equation 6 and analysis the e�ect on loan conditions

of liquidity endowment. Yijt is the Loan Rateijt in columns 1 and 2, Log(Total

Amount)ijt in 3 and 4 as well as Loan Dummyijt in 5 and 6. Excess Reservesit-1 is the

�rst lag of liquidity in excess of a lender's minimum reserve requirement, divided

by the number of days left in the maintenance period, de�ned in Equation 3. The

interaction term Post Covidt×Excess Reservesit-1 re�ects the additional e�ect of

liquidity endowment during COVID-19. Columns 1, 3 and 5 show the results of the

entire sample in panel A while columns 2, 4 and 6 shows the results for the German

panel C. Lender and time-varying borrower-day �xed e�ects as well as clustered

standard errors at the bank-pair and day level are used in all regressions.

A one standard deviation increase in the �rst lag of the lenders' excess reserves

(2.96) during COVID-19 increases the loan rate on average by 1.2 basis points, loan
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size decreases by 13.7% and the probability of trading decreases by 0.03 percentage

point. The coe�cient of the loan rate is highly signi�cant at the 1% level while loan

size and loan trading probability are signi�cant at the 10% level.

The e�ects are similar in Germany: one standard deviation increase on lenders'

excess reserves within Germany (1.89) during COVID-19 increases loan rates on

average by 0.79 basis point, while the loan size decreases by 10% and the probability

of trading decreases by 0.2 percentage point. The e�ect within Germany has larger

absolute coe�cients but is slightly smaller in the interpretation, due to a smaller

standard deviation.

The results support hypothesis 3a: Liquidity does not enter the market. Higher

lender liquidity endowment leads on average to an increase in loan prices and a

reduction in loan size, which go along with a lower probability of trading a loan.

The coe�cients are higher in Germany than in the entire Eurozone.

5.4 Relationship Lending

Tables 7 to 9 show the results of Equations 7 and 8 and analyses the e�ect of rela-

tionship lending. In all Tables, Yijt is the Loan Rateijt in columns 1 and 2, Log(Total

Amount)ijt in 3 and 4 as well as Loan Dummyijt in 5 and 6. Lender and time-varying

borrower-day �xed e�ects as well as clustered standard errors at the bank-pair and

day levels are used in all regressions.

Table 7 shows the e�ect of having a close relationship to a borrower as a lender

bank. Columns 1, 3 and 5 use panel A and check whether there is an e�ect in the

entire sample. LPIijt is the lender preference index, shown in Equation 1. The inter-

action term Post Covidt×German Loanijt shows the additional e�ect of having an

important borrower during the pandemic. Surprisingly there is no relationship e�ect

during periods of distress in the Eurozone. Columns 2, 4 and 6 shows the results

for Germany. A one standard deviation increase in LPI (0.18) during COVID-19

decreases loan rates on average by 0.96 basis point and loan size increases by 15.75%
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within Germany. The loan rate is highly signi�cant at the 1% level, the loan size

at the 5% level and there is no e�ect for the probability of trading. The German

e�ects are economically very large.

Table 8 shows the results of interacting the LPIijt with German and institutional

loans and the Post Covidt dummy. Columns 1, 3 and 5 use the Eurozone panel

B and the interaction term German Loanijt×LPIijt×Post Covidt compares the rela-

tionship e�ects between Germany and the Eurozone excluding Germany during the

pandemic. For German loans an increase of one standard deviation (0.261) results

in on average 1.4 basis points lower loan rates and 27.72% higher loan size during

COVID-19, compared to loans from the Eurozone excluding Germany. While both

interactions terms are statistically highly signi�cant at the 1% level, the probability

of trading does not result in an additional e�ect due to COVID-19. Within Ger-

many there is no di�erence in relationship lending during distressed times between

the subgroups.

Table 9 shows the results of interacting the LPIijt with cross-border lender and non-

Eurozone lender and the Post Covidt dummy for German borrowing. All columns

use a subset of German borrowing. Columns 1, 3 and 5 uses the interaction term

Non-Eurozone Lenderit×LPIijt×Post Covidt and compares the relationship e�ects

between Eurozone and the non-Eurozone Lender for German borrowing during the

pandemic. Having a non-Eurozone lender in columns 1, 3 and 5, an increase by one

standard deviation in LPIijt (0.21)
11 during COVID-19 result on average in a 1 basis

point higher loan rate and 13.8% lower loan size for borrowing from a non-Eurozone

lender compared to domestic German borrowing. The coe�cient of the loan rate is

signi�cant at the 1% level, that of loan size at 10% while there is no di�erence in

the probability of trading.

For cross-border borrowing in general, in columns 2, 4 and 6, a one standard de-

viation increase (0.21) in LPIijt results on average in 1.2 basis point higher loan

11The German sample contains domestic loans, while this sample contains all loans of German
borrowers. Descriptive statistics of LPI: mean 0.073, sd 0.21, p25 0, p75 1
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rates and 15.9% lower loan size compared to domestic German borrowing during

COVID-19. Again, the coe�cient of the loan rate is signi�cant at the 1% level, of

loan size at the 10% while there is no di�erence in the probability of trading.

The results support hypothesis 4 partially: The network structure, in particular

strong and stable relationships within the interbank market mitigates shocks and

spillovers but the e�ect seems to be a German phenomenon.

5.5 The Eurosystem's Tender Auction

Table 10 shows the results of Regression Equations 9 and 10. Columns 1 and 3

show the �rst stage while columns 2 and 4 show the results of the second stage.

The �rst stage is a panel OLS regression on a balanced panel, using borrower �xed

e�ects. The time frame is the week before the tender was announced (March 9 to

13, 2020). The second stage is a cross-sectional OLS regression of 474 banks, with

one aggregated observation per bank. Standard errors are clustered at the bank and

date levels.

Increasing Log(Total Borrowing)b by 10% increases on average the probability of

participation in the tender auction by on average 0.16 to 0.19 percentage point, ce-

teris paribus.12 An increase of Borrowing Rateb by one standard deviation (0.071),

increases the probability of participating by on average 3.3 percentage points, ceteris

paribus. The probability of borrowing via the interbank market does not in�uence

the tender participation, neither for the BPIb nor for LPIb.

These �ndings partially support both hypotheses: higher borrowing costs are asso-

ciated with a higher loan rate participation (hypothesis 5b). Bank who borrow more

in the markets have a higher probability of participating in the tender action. This

�nding supports the liquidity hoarding argument in hypothesis 5a and already seen

in Section 5.3.

12Dependent on the relationship measure in the �rst stage.
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5.6 The Aggregated Borrowing Side

The Tables 11 to 14 show results of Regression Equation 11. Except for Tables 11

and 12 column 1, all regressions use borrower and day �xed e�ects. All regressions

use OLS while standard errors are clustered at the bank and date levels.

Tables 11 and 12 column 1 show single regressions of Post Covidt on Borrowing

Ratejt and Log(Total Borrowing)jt. The pandemic is associated with on average 6.9

basis points higher borrowing costs and on average 15.08% lower total borrowing,

both of which are statistically highly signi�cant at the 1% level. Compared with an

average volume-weighted borrowing rate per day of -0.361 and total borrowing of

e58.83 million those single e�ects are economically large.

Comparing the borrowing costs between groups in Table 11 shows reduced-form re-

gressions. During COVID-19 the largest 47 Eurozone banks pay on average 7.87

basis points lower rates than smaller borrower while for the top 14 German banks

the average e�ect is 5.85 basis points, compared to smaller German borrowers. Both

e�ects are statistically highly signi�cant (1%) and economically large. Having a high

share of German lenders during COVID-19 results in higher borrowing costs at the

1% level: an increase by one standard deviation (0.267) increases the borrowing

costs by on average 1.79 basis points. Banks with a maximum of German borrowing

have on average 6.72 basis points higher borrowing costs during the pandemic than

banks with no German borrowing. High shares of institutional loans increase the

borrowing costs signi�cantly during COVID-19 (1% level). A rise of one standard

deviation (0.349) in institutional loans increases borrowing costs by 0.85 basis point.

The average borrower has 85% institutional loans and 92.2% German lenders, which

means that the results are economically important.

The COVID-19 e�ects on total borrowing for di�erent groups are less strong, shown

in Table 12. While overall borrowing decreases during the pandemic, just the top

47 Eurozone banks have di�erences in total borrowing: their total borrowing is on

average 21.57% higher than that of smaller banks. However, the e�ect is slightly
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signi�cant at the 10% level.

Table 13 shows the results of aggregated relationship on borrowing costs. Being

important for the borrower's lender reduces borrowing costs during COVID-19 sig-

ni�cantly: A one standard deviation increase in the aggregated and volume-weighted

LPIjt (0.216) reduces borrowing rates by an average of 2.3 basis points during

COVID-19. Dependence on a single lender instead increases the borrowing costs:

an increase in BPIjt by one standard deviation (0.23) results in an average increase

in borrowing costs of 0.18 basis points. Taking into account the high mean of BPIjt

of 0.896 infers high average borrowing costs. German borrowers have similar, but a

bit smaller e�ects in absolute terms.13

Being important for borrower's lender increases total borrowing, shown in table 14:

an increase in LPIjt by one standard deviation (0.216) increases total borrowing by

on average 6.2% during COVID-19. The coe�cient is highly signi�cant at the 1%

level.

An increase in BPIjt by one standard deviation (0.207) for German borrower results

in lower borrowing amounts of on average 7.3% during normal times (1% level) while

COVID-19 reduces the gap by increasing on average by 6%.

The results support hypothesis 6: Based on the preceding analysis, COVID-19 re-

sults overall in higher borrowing costs and lower total borrowing. Larger banks are

less a�ected than smaller ones. Borrower with stable networks are better in com-

pensating the shock, but only if they represent the relevant role in the relationship.

Being, on average, an important borrower compensates but having just an important

lender result in opposite e�ects.

13While the disaggregated, transactional level does not show relationship e�ects for the entire
sample, the sample used here creates an average relationship measure per borrower per day. Given
the fact that the German lender share is 92.2% it is hardly surprising that both samples show
similar results for relationship.
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6 Robustness

To further assess the robustness and validity of the results for COVID-19 e�ects, I

performed di�erent robustness checks, shown in Tables 15 and 16.

The main concern in estimating natural experiment models using time dummies is

to measure e�ects outside the scope of the analysis. Especially during distressed

times, confounding factors might drive results. Therefore I use three alternative

measures of Post Covidt for the German subsample in Table 15 and run a placebo

test in Table 16, re-estimating Equation 6, which allows me to include time-varying

borrower-day �xed e�ects.

The Robert Koch Institut (2022) provides data on German COVID-19 cases, a 14-

day rolling window incidence of cases per 100,000 of the population and number

of deaths caused by COVID-19. On average 1142.85 infections takes place and 54

people died of or with COVID-19. The average incidence is 18.6. Holding Ex-

cess Reservesit-1 constant, an increase by one standard deviation of COVID Casest

(1712.71) results in on average 0.7 basis point higher loan rates. Using the Incidencet

the e�ect is quite similar. An increase of one standard deviation (26.26) increases

the loan rate on average by 0.6 basis point. For the number of Deathst, a one stan-

dard deviation increase (82.46) increases the loan rate on average by 0.3 basis point.

All measures are highly signi�cant at the 1% level.

Regressions on Loan Amountsijt show a negative, at the 10% signi�cant level, coef-

�cient for Incidencet and Deathst: Holding Excess Reservesit-1 constant, an increase

by one standard deviation of Incidencet (26.26) result in a decrease of on average

4.5% in loan size and for Deathst (82.46) on average 2.08%. The extensive margin

shows a signi�cant e�ect for Deathst: an increase of one standard deviation result

in a 0.049 percentage point lower probability of trading.

All three measures con�rm the results shown above. Nevertheless, continuous COVID-

19 measures have the weakness of being lender- and borrower-speci�c if both coun-

terparties are located in di�erent countries. It would not be possible to measure the
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e�ect properly, as borrower time-varying �xed e�ects would absorb the e�ects for

borrowers. Furthermore, calculating di�erent e�ects for di�erent countries in the

Eurozone was not feasible due to insu�cient cross-country variation. Therefore, the

exercise is done for the German subsample.

Table 15 runs a placebo test, using the period January 1 to June 9 in 2017, 2018 and

2019.14 Placebot is a dummy variable which equals one after March 12 (the same

post period as COVID-19) and zero otherwise. All three interaction terms turns out

to be insigni�cant. So Post Covidt does not measure time trends during that time

of the year.

7 Conclusion

In this paper, I provide evidence that the European interbank market is highly

fragmented, especially during distressed times. Using transactional data of the Eu-

ropean interbank market provides evidence that there are signi�cant di�erences in

loan conditions between the Eurozone and Germany as well as within Germany.

COVID-19 put the market under stress by increasing interest rates, decreasing loan

size and the probability of trading and thus strengthened the fragmentation. The

shock goes back to uncertainty rather than liquidity shortage. Therefore, COVID-19

is used as an external and exogenous shock to provide a period of market distress.

Between the subgroups within the Eurozone (Eurozone excluding Germany, Ger-

many, German institutional and German private, non-institutional loans) loan rates,

loan size and the probability of trading di�er signi�cantly. There are loan rate dif-

ferences up to 5 basis points, loan size di�erences up to 180% and the probability of

trading di�ers up to 2 percentage points between subgroups. COVID-19 increases,

in particular, the fragmentation in loan pricing within the Eurozone, while loan size

shows no e�ects at all. Within Germany, the advantage of having an institutional

14Table 15 column 3 is an exception. Due to computing power limitation, the balanced panel
and the huge size of the sample, the regression uses the period January 1, 2019 to June 9, 2019.
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loan decreases due to a reduction in the spread in loan rates and trading probabili-

ties during the pandemic. There are di�erences in loan conditions between domestic

and foreign borrowing. Cross-border borrowing is on average more than 6 percent-

age points more expensive during COVID-19 than domestic borrowing. Having a

non-Eurozone lender is on average more than 3 basis points more expensive than

borrowing from inside the Eurozone during the pandemic.

Liquidity does not enter the market and there is evidence of liquidity hoarding.

Lenders with higher liquidity endowment increase on average loan prices and reduce

both the loan size and the probability of trading. The e�ects are larger in Germany

than in the Eurozone excluding Germany.

Relationship lending mitigates shocks and spillovers but the e�ect seems to be a

German phenomenon. While the German results are economically very large, there

are no e�ects or for the Eurozone excluding Germany. Within Germany, there is

no di�erence in relationship e�ects. Borrower with stable networks are better able

to compensate the shock, but only if they represent the relevant role in the rela-

tionship. Being on average, an important borrower compensates but having only an

important lender result in opposite e�ects.

The liquidity hoarding hypothesis is con�rmed via Eurosystem's liquidity provision.

Bank who borrow more at the markets are those who have a higher probability of

participating in the tender auction. Furthermore, those borrowers who pay higher

rates have a higher probability of participating in the tender auction.

Finally, there is evidence that COVID-19 results overall in higher borrowing costs

and lower total borrowing. Larger banks are less a�ected than smaller ones.

The results are robust to di�erent COVID-19 measures, sample splits and interac-

tion estimation. Placebo tests do not show trends in estimation.

The normalisation of monetary policy, with the objective of cementing the path of

in�ation at the target rate, reduces excess liquidity. Money markets, in particular

interbank markets and the main objective of channelling liquidity properly, become
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more important. From a policy perspective, the fragmentation should be reduced

or at least taken into account to ensure the e�ectiveness of monetary policy. More

restrictive monetary policy is in con�ict with taking over liquidity provision on a

large scale. Therefore, in economic downturns with high in�ation the interaction

with the real economy, especially bank lending should be supported by a well func-

tioning interbank market and proper liquidity channelling rather than impaired by

market frictions like fragmentation.

Furthermore, network e�ects like relationship lending should be monitored carefully

to ensure that the promotive e�ects of having relationship prevail and dependen-

cies, especially for small banks with less market power, do not result in the opposite

e�ect.
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Appendix

Table 1: Descriptive Statistics: Panel A represents descriptive statistics of all e
overnight interbank loans, worldwide, reported by the 47 largest European (includes
14 German) and 101 smaller German banks, so in total 148 banks. Panel B reports
the transactions for banks within the Eurozone.

Panel A: All N Mean SD p25 p75

Loan Amountijt [in emn] 60,576 45.10 64.64 7 55
Log(Loan Amount)ijt 60,576 3.080 1.325 2.079 4.025
Loan Rateijt 60,576 -0.381 0.117 -0.430 -0.350
LPIijt 60,576 0.154 0.309 0.003 0.063
BPIijt 60,576 0.745 0.371 0.429 1
Excess Reservesit (Lender) [in emn] 53,708 1.204 2.960 0.213 1.258
Excess Reservesjt (Borrower) [in emn] 57,038 338.4 2,169 0.590 25.77
Dummy Eurozone Loanijt 60,576 0.865 0.342 1 1
Dummy German Loanijt 60,576 0.797 0.402 1 1
Dummy Institutional Loanijt 60,576 0.711 0.453 0 1
Dummy Non-Institutional German Loanijt 60,576 0.086 0.280 0 0
Dummy Domestic Loanijt 60,576 0.826 0.380 1 1
Dummy Cross-Border Loanijt 60,576 0.174 0.379 0 0
Dummy German Lenderit 60,576 0.800 0.400 1 1
Dummy Eurozone Lenderit 60,576 0.887 0.316 1 1
Dummy Non-Eurozone Lenderit 60,576 0.113 0.316 0 0
Post Covidt 60,576 0.524 0.500 0 1

Panel B: Eurozone N Mean SD p25 p75

Loan Amountijt [in emn] 52,375 41.03 54.50 6.890 50
Log(Loan Amount)ijt 52,375 3.019 1.308 2.066 3.932
Loan Rateijt 52,375 -0.360 0.103 -0.420 -0.300
LPIijt 52,375 0.102 0.261 0.002 0.027
BPIijt 52,375 0.811 0.323 0.669 1
Excess Reservesit (Lender) [in emn] 52,143 1.110 2.373 0.209 1.237
Excess Reservesjt (Borrower) [in emn] 50,198 137.8 1,236 0.361 11.56
Dummy German Loanijt 52,375 0.922 0.268 1 1
Dummy Institutional Loanijt 52,375 0.823 0.382 1 1
Dummy Non-Institutional German Loanijt 52,375 0.099 0.299 0 0
Dummy Domestic Loanijt 52,375 0.955 0.208 1 1
Dummy Cross-Border Loanijt 52,375 0.045 0.208 0 0
Dummy German Lenderit 52,375 0.924 0.265 1 1
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Descriptive Statistics: Panel C reports summary statistics of unsecured, overnight
interbank loans within Germany as well as Germany's COVID-19 statistics. Panel
D shows loans of German non-institutional banks and Panel E those of institutional
banks. An institutional loan is clari�ed by trading between two banks within the
subsectors of corporate banks or savings/federal state banks. Panel F represents loans
of the Eurozone, excluding Germany.

Panel C: Germany N Mean SD p25 p75

Loan Amountijt [in emn] 48,291 41.70 50.34 8 52
Log(Loan Amount)ijt 48,291 3.099 1.242 2.197 3.970
Loan Rateijt 48,291 -0.357 0.074 -0.420 -0.300
LPIijt 48,291 0.055 0.180 0.002 0.020
BPIijt 48,291 0.850 0.282 0.875 1
Excess Reservesit (Lender) [in emn] 48,114 1.101 1.892 0.246 1.248
Excess Reservesjt (Borrower) [in emn] 46,229 28.27 274.2 0.210 8.391
Dummy Institutional Loanijt 48,291 0.892 0.310 1 1
Dummy Non-Institutional German Loanijt 48,291 0.108 0.310 0 0
COVID Casest 48,291 1142.846 1712.712 0 1304
14-Day Incidencet(per 100.000) 48,291 18.605 26.260 0.005 33.815
Deathst 48,291 54.076 82.456 0 92

Panel D: German Non-Institutionals N Mean SD p25 p75

Loan Amountijt [in emn] 5,200 43.97 53.15 10 50
Log(Loan Amount)ijt 5,200 -0.364 0.112 -0.450 -0.320
Loan Rateijt 5,200 3.159 1.259 2.398 3.932
LPIijt 5,200 0.276 0.372 0.00737 0.446
BPIijt 5,200 0.528 0.340 0.224 0.984
Excess Reservesit (Lender) [in emn] 5,200 0.337 1.061 0.00802 0.264
Excess Reservesjt (Borrower) [in emn] 5,090 32.41 152.3 0.00872 16.25

Panel E: German Institutional Loans N Mean SD p25 p75

Loan Amountijt [in emn] 43,091 41.42 49.98 7.500 54
Log(Loan Amount)ijt 43,091 3.091 1.240 2.140 4.007
Loan Rateijt 43,091 -0.356 0.068 -0.420 -0.300
LPIijt 43,091 0.028 0.114 0.002 0.017
BPIijt 43,091 0.889 0.247 1 1
Excess Reservesit (Lender) [in emn] 42,914 1.193 1.948 0.293 1.361
Excess Reservesjt (Borrower) [in emn] 41,139 27.76 285.7 0.258 7.820

Network F: Eurozone w.o. Germany N Mean SD p25 p75

Loan Amountijt [in emn] 3,466 35.11 96.48 0.200 19
Log(Loan Amount)ijt 3,466 1.987 1.718 0.182 2.996
Loan Rateijt 3,466 -0.430 0.255 -0.580 -0.400
relABijt 3,466 18.60 4.938 18 22
LPIijt 3,466 0.740 0.359 0.490 1
BPIijt 3,466 0.291 0.383 0.0146 0.440
Excess Reservesit (Lender) [in emn] 3,411 0.963 4.875 2.09e-05 0.221
Excess Reservesjt (Borrower) [in emn] 3,369 1,497 4,230 161.6 1,199
Dummy Domestic Loanijt 3,466 0.495 0.500 0 1
Dummy Cross-Border (Eurozone)ijt 3,466 0.505 0.500 0 1
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Descriptive Statistics: Borrower Level reports an aggregated dataset at the bor-
rower level. Tender Level shows a cross sectional dataset of interbank lending the
week before the tender is announced (March 9 to 13, 2020) or variables of the TLTRO
III (announcement date: March 16, 2020)

Borrower Level N Mean SD p25 p75

Volwgt. Borrowing Rate per Dayjt 45,954 -0.361 0.0941 -0.421 -0.260
Total Borrowing per Dayjt 45,954 58.83 115.4 7.600 63
Log(Total Borrowing)jt 45,954 3.053 1.619 2.028 4.143
Number of Loans per Dayjt 45,954 1.288 1.220 1 1
BPI (Volwgt.)jt 45,954 0.896 0.230 1 1
BPI (Volwgt.)jt|German borrower 43,449 0.913 0.207 1 1
LPI (Volwgt.)jt 45,954 0.078 0.216 0.002 0.023
LPI (Volwgt.)jt|German borrower 43,449 0.052 0.173 0.002 0.019
Dummy ECB Borrowerjt 45,954 0.055 0.228 0 0
Dummy Large BBK Borrowerjt 45,954 0.018 0.131 0 0
Dummy Institutional Loanjt 45,954 0.849 0.349 1 1
German Lender Sharejt 45,954 0.922 0.267 1 1

Tender Level N Mean SD p25 p75

Fit (Probability Loan|BPI)b 474 0.906 0.190 0.999 0.999
Fit (Probability Loan|LPI)b 474 0.647 0.203 0.576 0.595
Volwgt. Borrowing Rate Weekb 474 -0.392 0.071 -0.427 -0.350
Total Borrowing Weekb 474 295.1 591.9 35 315.5
Log(1+Total Borrowing Week)b 474 4.686 1.540 3.584 5.757
Dummy Interbankb 565 0.839 0.368 1 1
Dummy Tenderb 565 0.202 0.402 0 0
Settlement Amountb [in bn. EUR] 114 1.01 2.702 0.025 0.800
Log(1+Settlement Amount)b 114 0.400 0.616 0.025 0.588
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Table 2: Variable Description

Variable De�nition

Interbank Market-Speci�c Variables

Loan Amountijt [in emn] Loan amount of an overnight interbank loan between
lender i and borrower j at day t.

Log(Loan Amount)ijt Logarithm of loan amount.
Loan Rateijt Volume-weighted loan rate of an overnight interbank loan

between lender i and borrower j at day t.
Loan Preference Indexijt (LPI) Amount lent by lender i to borrower j during the last 30

days preceding day t divided by overall amount lent by
lender i during the days preceding day t. LPI re�ects the
importance of a borrower j for a lender i.

Borrower Preference Indexijt (BPI) Amount borrowed by borrower j from lender i during the
last 30 days preceding day t divided by overall amount
borrowed by borrower j during the days preceding day t.
BPI re�ects the importance of a lender i for a borrower j.

Excess Reservesijt [in emn] Actual reserve holdings of bank i (j ) at day t minus the
minimum reserve requirement of bank i (j ) within the
maintenance period divided by the days left within the
maintenance minimum reserve period.

Dummy Eurozone Loanijt Dummy Variable equals one for a Eurozone loan and zero
otherwise.

Dummy German Loanijt Dummy Variable equals one for a German loan and zero
otherwise.

Dummy Institutional Loanijt Dummy Variable equals one for an institutional loan. Insti-
tutional loans are characterised by trades within the corpo-
rate banks or savings-/federal state banks subsectors and
are zero otherwise.

Dummy Non-Institutional German Loanijt Dummy Variable equals one for a German loan and zero
otherwise.

Dummy Domestic Loanijt Dummy Variable equals one for a domestic loan within
countries of the Eurozone and zero otherwise.

Dummy Cross-Border Loanijt Dummy Variable equals one for a cross-border loan where
the location of the lender and borrower are di�erent and
zero otherwise.

Dummy German Lenderit Dummy Variable equals one for a German lender and zero
otherwise.

Dummy Eurozone Lenderit Dummy Variable equals one for a Eurozone lender and zero
otherwise.

Dummy Non-Eurozone Lenderit Dummy Variable equals one for a lender outside the Euro-
zone and zero otherwise.

Post Covidt Dummy Variable equals one after the outbreak of COVID-
19, between March 12 and the end of the sample June 9,
2020 and zero otherwise.
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Variable Description

Variable De�nition

Borrowers Level

Total Borrowingjt Aggregated borrowing per borrower j and day t.
Log(Total Borrowing)jt Logarithm of total borrowing.
Number of Loansjt Number of loans of borrower j per day t.
BPIjt (Volwgt.) Volume-weighted average BPI per borrower j and day t.
LPIjt (Volwgt.) Volume-weighted average LPI per borrower j and day t.
Dummy ECB Borrowerj Dummy variable equals one for an ECB MMSR reporting

agent and zero otherwise.
Dummy Large BBK Borrowerj Dummy variable equals one for an ECB and BBK MMSR

reporting agent and zero otherwise.
Institutional Loanjt The share of institutional loans per borrower. An institu-

tional loan is characterised if both lender and borrower are
saving banks and/or federal state or corporate banks.

German Lender Sharejt The share of German lender of borrower j at day t.

Tender Level

Fit(Probability Loan|BPI)b �Y of the �rst-stage regression of BPI on the probability of
receiving a loan for borrower j on day t at the interbank
market.

Fit(Probability Loan|LPI)b �Y of the �rst-stage regression of LPI on the probability of
receiving a loan for borrower j on day t at the interbank
market.

Volwgt. Borrowing Rateb (Week) Volume-weighted average borrowing rate the week before
the tender is settled (March 9 to 13, 2020).

Total Borrowingb (Week) Total borrowing on the interbank market the week before
the tender is settled (March 9 to 13, 2020).

Log(1+Total Borrowing Week)b Logarithm of total borrowing.
Dummy Interbankb Dummy variable equals one for borrower j participates in

the interbank market the week before the tender is settled
(March 9 to 13, 2020).

Dummy Tenderb Dummy variable equals one if borrower j participates in
the tender.

Settlement Amountb The amount settled for borrower j by the Eurosystem.
Log(1+Settlement Amount)b Logarithm of one plus the settlement amount.
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Table 3: Baseline Regression: The sample is a panel at the transactional, bank-
pair and date level ijt. A bank-pair is de�ned as two banks, lender i and borrower j,
trading with each other at day t with daily frequency. It contains overnight unsecured
interbank loans between January 2 and June 9, 2020. Post Covidt is a dummy vari-
able which equals one between March 12 and June 9 2020 and zero otherwise. The
dependent variable is either Loan Rateijt, the price of a loan, Log(Total Amount)ijt the
logarithm of the amount of a loan or Loan Dummyijt, a dummy variable which equals
one if bank i and j trade on day t and zero otherwise. All regressions include lender
and borrower �xed e�ects and use panel A. Standard errors are double-clustered at
the date and bank-pair level.

(1) (2) (3)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

Post Covidt 0.0594*** -0.0887*** -0.0003***
(23.19) (-3.35) (-2.78)

Observations 60,516 60,516 22,893,480
R2 0.943 0.857 0.109

Lender Fixed E�ects Yes Yes Yes
Borrower Fixed E�ects Yes Yes Yes
Borrower×Day Fixed E�ects No No No
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level
Sample All All All

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 4: Fragmentation�Eurozone and Germany: The sample is a panel at the transactional, bank-pair and date level ijt. A
bank-pair is de�ned as two banks, lender i and borrower j, trading with each other at day t with daily frequency. It contains overnight
unsecured interbank loans between January 2 and June 9, 2020. Post Covidt is a dummy variable which equals one between March 12 and
June 9 2020 and zero otherwise. German Loanijt and Institutional Loanijt are both dummy variables, which equal one for, respectively,
a German loan and an institutional loan. The dependent variable is either Loan Rateijt, the price of a loan, Log(Total Amount)ijt the
logarithm of the amount of a loan or Loan Dummyijt, a dummy variable which equals one if bank i and j trade on day t and zero otherwise.
All regressions include lender and time-varying borrower-day �xed e�ects. Columns (1), (3) and (5) use panel B while Columns (2), (4)
and (6) use panel C. All regressions include lender and time-varying borrower and date �xed e�ects. Standard errors are double-clustered
at the date and bank-pair level.

(1) (2) (3) (4) (5) (6)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

German Loanijt 0.0196** 1.8289*** 0.0193***
(2.03) (6.03) (11.47)

Post Covidt×German Loanijt 0.0091** 0.2288 -0.0012***
(2.19) (1.53) (-3.20)

German Institutional Loanijt -0.0460*** 0.6069*** 0.0294***
(-4.85) (3.68) (21.73)

Post Covidt×Institutional Loansijt 0.0319*** -0.1175 -0.0032***
(5.71) (-1.02) (-2.69)

Observations 12,764 10,226 12,764 10,226 10,751,682 5,420,700
R2 0.983 0.905 0.898 0.789 0.138 0.172

Lender Fixed E�ects Yes Yes Yes Yes Yes Yes
Borrower Fixed E�ects No No No No No No
Borrower×Day Fixed E�ects Yes Yes Yes Yes Yes Yes
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level
Sample Eurozone Germany Eurozone Germany Eurozone Germany

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 5: Fragmentation�Cross-Border Trading: The sample is a panel at the transactional, bank-pair and date level ijt. A bank-pair
is de�ned as two banks, lender i and borrower j, trading with each other at day t with daily frequency. It contains overnight unsecured
interbank loans between January 2 and June 9, 2020. Post Covidt is a dummy variable which equals one between March 12 and June 9 2020
and zero otherwise. Cross-Borderijt and Non-Eurozone Lenderit are both dummy variables, which equal one for an cross-border loan, where
both parties are located in di�erent countries, or a non-Eurozone lender, a lender outside the Eurozone. The dependent variable is either
Loan Rateijt, the price of a loan, Log(Total Amount)ijt the logarithm of the amount of a loan or Loan Dummyijt, a dummy variable which
equals one if bank i and j trade on day t and zero otherwise. All regressions use German borrowing and include lender and time-varying
borrower and date �xed e�ects. Standard errors are double-clustered at the date and bank-pair level.

(1) (2) (3) (4) (5) (6)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

Post Covidt×Cross-Borderijt 0.0635*** 0.0169 0.0013***
(3.65) (0.06) (3.33)

Post Covidt×Non-Eurozone Lenderit 0.0326** 0.1498 0.0007***
(2.36) (0.99) (3.54)

Observations 11,826 11,826 11,826 11,826 19,135,128 19,135,128
R2 0.954 0.954 0.802 0.802 0.151 0.151

Lender Fixed E�ects Yes Yes Yes Yes Yes Yes
Borrower Fixed E�ects No No No No No No
Borrower×Day Fixed E�ects Yes Yes Yes Yes Yes Yes
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level
Sample German Borrower German Borrower German Borrower German Borrower German Borrower German Borrower

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 6: Liquidity Endowment: The sample is a panel at the transactional, bank-pair and date level ijt. A bank-pair is de�ned as
two banks, lender i and borrower j, trading with each other at day t with daily frequency. It contains overnight unsecured interbank loans
between January 2 and June 9, 2020. Post Covidt is a dummy variable which equals one between March 12 and June 9 2020 and zero
otherwise. Excess Reservesijt-1 are the lender banks' excess reserves, de�ned in Equation 3. The dependent variable is either Loan Rateijt,
the price of a loan, Log(Total Amount)ijt the logarithm of the amount of a loan or Loan Dummyijt, a dummy variable which equals one if
bank i and j trade on day t and zero otherwise. Columns (1), (3) and (5) use panel A, while (2), (4) and (6) use panel C. All regressions
include lender and time-varying borrower and date �xed e�ects. Standard errors are double-clustered at the date and bank-pair level.

(1) (2) (3) (4) (5) (6)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

Excess Reserveit-1 -0.0039*** -0.0038*** 0.0340 0.0314 0.0001 0.0005*
(-2.90) (-2.81) (1.49) (1.37) (1.24) (1.68)

Post Covidt×Excess Reservesit-1 0.0040*** 0.0042** -0.0462* -0.0530** -0.0001* -0.0011**
(2.83) (2.44) (-1.95) (-2.01) (-1.94) (-2.50)

Observations 9,201 7,288 9,201 7,288 8,964,180 3,982,140
R2 0.983 0.892 0.902 0.784 0.123 0.161

Lender Fixed E�ects Yes Yes Yes Yes Yes Yes
Borrower Fixed E�ects No No No No No No
Borrower×Day Fixed E�ects Yes Yes Yes Yes Yes Yes
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level
Sample All Germany All Germany All Germany

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 7: Relationship Lending I: The sample is a panel at the transactional, bank-pair and date level ijt. A bank-pair is de�ned as
two banks, lender i and borrower j, trading with each other at day t with daily frequency. It contains overnight unsecured interbank loans
between January 2 and June 9, 2020. Post Covidt is a dummy variable which equals one between March 12 and June 9 2020 and zero
otherwise. LPIijt is the lending preference index, de�ned in Equation 1. The dependent variable is either Loan Rateijt, the price of a loan,
Log(Total Amount)ijt the logarithm of the amount of a loan or Loan Dummyijt, a dummy variable which equals one if bank i and j trade
on day t and zero otherwise. Columns(1), (3) and (5) use panel A while (2), (4) and (6) use panel C. All regressions include lender and
time-varying borrower and date �xed e�ects. Standard errors are double-clustered at the date and bank-pair level.

(1) (2) (3) (4) (5) (6)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

LPIijt 0.0049 0.0178 0.8248*** 0.9155*** 0.6620*** 0.9337***
(0.58) (1.16) (6.67) (4.23) (21.99) (13.83)

Post Covidt×LPIijt -0.0049 -0.0532*** 0.0072 0.8748** -0.0521 -0.1119
(-0.77) (-2.68) (0.05) (2.35) (-1.62) (-1.55)

Observations 19,248 10,226 19,248 10,226 22,893,480 5,420,700
R2 0.983 0.903 0.895 0.797 0.204 0.205

Lender Fixed E�ects Yes Yes Yes Yes Yes Yes
Borrower Fixed E�ects No No No No No No
Borrower×Day Fixed E�ects Yes Yes Yes Yes Yes Yes
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level
Sample All Germany All Germany All Germany

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 8: Relationship Lending II: The sample is a panel at the transactional, bank-pair and date level ijt. A bank-pair is de�ned
as two banks, lender i and borrower j, trading with each other at day t with daily frequency. It contains overnight unsecured interbank
loans between January 2 and June 9, 2020. Post Covidt is a dummy variable which equals one between March 12 and June 9 2020 and
zero otherwise. LPIijt is the lending preference index, de�ned in Equation 1. German Loanijt and Institutional Loanijt are both dummy
variables, which equal one for a German loan and an institutional loan. The dependent variable is either Loan Rateijt, the price of a loan,
Log(Total Amount)ijt the logarithm of the amount of a loan or Loan Dummyijt, a dummy variable which equals one if bank i and j trade
on day t and zero otherwise. Columns(1), (3) and (5) use panel A, while (2), (4) and (6) use panel C. All regressions include lender and
time-varying borrower and date �xed e�ects. Standard errors are double-clustered at the date and bank-pair level.

(1) (2) (3) (4) (5) (6)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

LPIijt 0.0002 -0.0247* 0.8108*** 0.9398*** 0.5916*** 0.9015***
(0.02) (-1.84) (5.73) (2.96) (17.59) (12.61)

Post Covidt×LPIijt 0.0064 -0.0424** -0.1543 0.8609* -0.0391 -0.1006
(1.09) (-2.01) (-1.07) (1.83) (-1.19) (-1.40)

German Loanijt -0.0532 1.5379*** 0.0102***
(-0.69) (3.47) (19.92)

German Loanijt×Post Covidt -0.0175 -1.1686*** -0.0012***
(-0.71) (-2.83) (-3.22)

German Loanijt×LPIijt 0.0248 0.0791 0.3310***
(1.36) (0.31) (4.35)

German Loanijt×LPIijtijt×Post Covidt -0.0548*** 1.0619*** -0.0726
(-2.69) (2.74) (-0.96)

Institutionalsijt -0.0562*** 0.7317*** 0.0278***
(-5.77) (4.10) (21.59)

Institutionalsijt×Post Covidt 0.0258*** -0.0810 -0.0031***
(4.00) (-0.60) (-2.73)

Institutionalsijt×LPIijt 0.0862*** -0.0071 0.0481
(3.52) (-0.01) (0.33)

Institutionalsijt×LPIijt×Post Covidt 0.0074 0.0965 -0.0271
(0.35) (0.15) (-0.19)

Observations 19,248 10,226 19,248 10,226 22,893,480 5,420,700
R2 0.983 0.911 0.896 0.798 0.208 0.216

Lender Fixed E�ects Yes Yes Yes Yes Yes Yes
Borrower Fixed E�ects No No No No No No
Borrower×Day Fixed E�ects Yes Yes Yes Yes Yes Yes
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level
Sample Eurozone Germany Eurozone Germany Eurozone Germany

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 9: Relationship Lending III: The sample is a panel at the transactional, bank-pair and date level ijt. A bank-pair is de�ned
as two banks, lender i and borrower j, trading with each other at day t with daily frequency. It contains overnight unsecured interbank
loans between January 2 and June 9, 2020. Post Covidt is a dummy variable which equals one between March 12 and June 9 2020 and
zero otherwise. LPIijt is the lending preference index, de�ned in Equation 1. Non-Eurozone Lenderit and Cross-Borderijt are both dummy
variables, which equal one for, respectively, a lender outside the Eurozone and a cross-border loan. The dependent variable is either Loan
Rateijt, the price of a loan, Log(Total Amount)ijt the logarithm of the amount of a loan or Loan Dummyijt, a dummy variable which equals
one if bank i and j trade on day t and zero otherwise. All regressions use a subsample of panel C. All regressions include lender and
time-varying borrower and date �xed e�ects. Standard errors are double-clustered at the date and bank-pair level.

(1) (2) (3) (4) (5) (6)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

LPIijt 0.0212 0.0175 0.9500*** 0.9233*** 0.9230*** 0.9204***
(1.44) (1.15) (4.56) (4.27) (13.58) (13.44)

Post Covidt×LPIijt -0.0492*** -0.0504** 0.7910** 0.9222** -0.1531** -0.1117
(-2.95) (-2.60) (2.56) (2.57) (-2.04) (-1.51)

Non-Eurozone Lenderit 0.0084 0.6061*** 0.0007***
(0.68) (2.66) (3.39)

Non-Eurozone Lenderit×LPIijt -0.0171 -0.4705* -0.5235***
(-1.09) (-1.74) (-5.74)

Non-Eurozone Lenderit×LPIijt×Post Covidt 0.0505*** -0.6618* 0.1331
(2.93) (-1.91) (1.42)

Cross-Borderijt 0.0156 0.9279** 0.0012***
(0.62) (2.24) (3.25)

Cross-Borderijt×LPIijt -0.0137 -0.4443 -0.5087***
(-0.85) (-1.63) (-5.56)

Cross-Borderijt ×LPIijt×Post Covidt 0.0569*** -0.7564* 0.0753
(2.80) (-1.90) (0.82)

Observations 11,826 11,826 11,826 11,826 19,135,128 19,135,128
R2 0.955 0.955 0.810 0.811 0.202 0.202

Lender Fixed E�ects Yes Yes Yes Yes Yes Yes
Borrower Fixed E�ects No No No No No No
Borrower×Day Fixed E�ects Yes Yes Yes Yes Yes Yes
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level
Sample German Borrower German Borrower German Borrower German Borrower German Borrower German Borrower

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 10: The Eurosystems Tender Participation: The Table reports a two stage regression. Stage 1 uses a balanced panel at
the borrower bank-day level, jt, which represent interbank borrowing, the week before the TLTRO III is settled (March 9 to 13, 2020).
LPIjt, the volume-weighted average lender preference index of a borrower's lender, re�ects the average importance of a borrower for its
counterpart and BPIjt, the volume-weighted average borrower preference index of a borrower, re�ects the average importance of a lender
for borrower banks. The dependent variable is Loan Dummyjt, a dummy variable which equals one if borrower j is active in borrowing and
zero otherwise. Stage 2 use a cross section at borrower bank level b. Log(Total Borrowing)b and Borrowing Rateb represent the aggregated
borrowing and the volume-weighted average borrowing rate of a bank during March 9 to 13, 2020, respectively. Estimated Probb re�ects
the estimated probability of trading dependent on underlying relationship measures LPIjt or BPIjt from stage 1. The dependent variable
Tender Dummyb is a dummy variable which equals one for a bank's participation in a tender and zero otherwise. Stage 1 includes borrower
�xed e�ects. Standard errors are clustered at the borrower and day level.

(1) (2)
Loan Dummyjt Tender Dummyb Loan Dummyjt Tender Dummyb

BPIjt 0.8481***
(12.78)

LPIjt 0.9313***
(8.73)

Log(Total Borrowing)b 0.0163** 0.0197***
(2.40) (2.83)

Borrowing Rateb 0.4703** 0.4678**
(2.18) (2.00)

Estimated Prob (Loan|Volwgt BPI)b -0.1017
(-1.46)

Estimated Prob (Loan|Volwgt LPI)b 0.0771
(1.12)

Observations 3,520 474 3,520 474
R2 0.980 0.031 0.924 0.029

Borrower FE Yes No Yes No
Stage 1 2 1 2
Standard Error Clustering Borrower and Date Borrower and Date Borrower and Date Borrower and Date

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 11: Borrower Level�Borrowing Rate I: The sample is an aggregated panel at the borrower bank and day level jt. A borrower
bank is de�ned as a bank which is active in the interbank market between January 2 and June 9, 2020 at least once; observations are daily.
Post Covidt is a dummy variable which equals one between March 12 and June 9, 2020 and zero otherwise. ECB Borrowerjt, is a dummy
variable which equals one if the borrower bank is a reporting agent based on ECB criteria (largest 47 European banks) and zero otherwise.
Large BBK Borrowerjt is a dummy variable if the borrower bank is German and ful�ls the ECB criteria (largest 14 German banks) and
zero otherwise. German Lenderjt and Institutional Loansjt express the share, respectively of German lenders and institutional loans in a
bank's daily total borrowing. The dependent variable is Borrowing Ratejt, the volume-weighted average borrowing rate of a bank. All
regressions include borrower and time �xed e�ects and vary in terms of the underlying dataset. Standard errors are double-clustered at
the date and borrower level.

Borrowing Ratejt (1) (2) (3) (4) (5)

Post Covidt 0.0688***
(23.03)

Post Covidt×ECB Borrowerj -0.0787***
(-7.46)

Post Covidt×Large BBK Borrowerj -0.0585***
(-6.10)

Post Covidt×German Lenderjt 0.0672***
(9.16)

Post Covidt×Institutional Loansjt 0.0244**
(2.46)

Observations 45,934 45,934 43,438 43,438 42,197
R2 0.902 0.924 0.912 0.914 0.926

Borrower FE Yes Yes Yes Yes Yes
Day FE No Yes Yes Yes Yes
Standard Error Clustering Borrower and Date Borrower and Date Borrower and Date Borrower and Date Borrower and Date
Sample All All German Borrower German Borrower German Loans

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 12: Borrower Level�Total Borrowing I: The sample is an aggregated panel at the borrower bank and day level jt. A borrower
bank is de�ned as a bank which is active in the interbank market between January 2 and June 9, 2020 at least once, observations are daily.
Post Covidt is a dummy variable which equals one between March 12 and June 9, 2020 and zero otherwise. ECB Borrowerjt, is a dummy
variable which equals one if the borrower bank is a reporting agent based on ECB criteria (largest 47 European banks) and zero otherwise.
Large BBK Borrowerjt is a dummy variable if the borrower bank is German and ful�ls the ECB criteria (largest 14 German banks) and
zero otherwise. German Lenderjt and Institutional Loansjt express the share, respectively of German lenders and institutional loans in a
bank's daily total borrowing. The dependent variable is Log(Total Borrowing)jt, the total borrowing per borrower bank j per day t. All
regressions include borrower and time �xed e�ects and vary in terms of the underlying dataset. Standard errors are double-clustered at
the date and borrower level.

Log (Total Amount)jt (1) (2) (3) (4) (5)

Post Covidt -0.1508***
(-4.18)

Post Covidt×ECB Borrowerjt 0.2157*
(1.76)

Post Covidt×Large BBK Borrowerjt 0.2158
(1.30)

Post Covidt×German Lenderjt -0.1822
(-1.37)

Post Covidt×Institutional Loansjt 0.0727
(0.75)

Observations 45,934 45,934 43,438 43,438 42,197
R2 0.874 0.882 0.881 0.881 0.886

Borrower FE Yes Yes Yes Yes Yes
Day FE No Yes Yes Yes Yes
Standard Error Clustering Bank and Date Bank and Date Bank and Date Bank and Date Bank and Date
Sample All All German Borrower German Borrower Germans

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 13: Borrower Level�Borrowing Rate II: The sample is an aggregated panel at the borrower bank and day level jt. A borrower
bank is de�ned as a bank which is active in the interbank market between January 2 and June 9, 2020 at least once, observations are daily.
Post Covidt is a dummy variable which equals one between March 12 and June 9, 2020 and zero otherwise. LPIijt is the volume-weighted
average lending preference index and BPIijt is the volume-weighted average borrowing preference index, both per borrower j and day t.
The dependent variable is Log(Total Borrowing)jt, the total borrowing per borrower bank j per day t. All regressions include borrower
and time �xed e�ects and vary in terms of the underlying dataset. Standard errors are double-clustered at the date and borrower level.

Borrowing Ratejt (1) (2) (3) (4)

LPI 0.0345* 0.0460***
(1.94) (2.73)

Post Covidt×LPIjt -0.1083*** -0.0948***
(-9.02) (-13.13)

BPIjt -0.0373*** -0.0167**
(-3.44) (-2.58)

Post Covidt×BPIjt 0.0792*** 0.0550***
(7.50) (6.60)

Observations 45,934 42,291 45,934 42,291
R2 0.929 0.934 0.923 0.931

Borrower FE Yes Yes Yes Yes
Day FE Yes Yes Yes Yes
Standard Error Clustering Bank and Date Bank and Date Bank and Date Bank and Date
Sample All German Borrower All German Borrower

Robust t-statistics in parentheses *** p<0.01, ** p<0.05, * p<0.1
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Table 14: Borrower Level�Total Borrowing II: The sample is an aggregated panel at the borrower bank and day level jt. A borrower
bank is de�ned as a bank which is active in the interbank market between January 2 and June 9, 2020 at least once, observations are daily.
Post Covidt is a dummy variable which equals one between March 12 and June 9, 2020 and zero otherwise. LPIijt is the volume-weighted
average lending preference index and BPIijt is the volume-weighted average borrowing preference index, both per borrower j and day t.
The dependent variable is Borrowing Ratejt, the volume-weighted average borrowing rate of a bank. All regressions include borrower and
time �xed e�ects and vary in terms of the underlying dataset. Standard errors are double-clustered at the date and borrower level.

Log(Total Amount)jt (1) (2) (3) (4)

LPIjt -0.1666 0.3061
(-0.59) (1.03)

Post Covidt×LPIjt 0.2892*** 0.1032
(2.79) (1.01)

BPIjt 0.1225 -0.3528***
(0.80) (-3.37)

Post Covidt×BPIjt 0.0128 0.2878**
(0.10) (2.47)

Observations 45,934 42,291 45,934 42,291
R2 0.882 0.886 0.882 0.886

Borrower FE Yes Yes Yes Yes
Day FE Yes Yes Yes Yes
Standard Error Clustering Bank Date Bank Date Bank Date Bank Date
Sample All German Borrower All German Borrower

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1

54



Table 15: Robustness I�Continuous COVID Shock: The sample is a panel at the transactional, bank-pair and date level ijt. A
bank-pair is de�ned as two banks, lender i and borrower j, trading with each other at day t with daily frequency. It contains overnight
unsecured interbank loans between January 2 and June 9, 2020. COVID Casest reports the number of the COVID-19 cases per day in
Germany. Incidencet report the 14-days incidence of COVID-19 cases per 100,.000 inhabitants per day in Germany while Deathst reports
the number of deaths with or due to COVID-19 in Germany. Excess Reservesit-1 re�ects the �rst lag of a lender banks' excess reserves.
The dependent variable is either Loan Rateijt, the price of a loan, Log(Total Amount)ijt the logarithm of the amount of a loan or Loan
Dummyijt, a dummy variable which equals one if bank i and j trade on day t and zero otherwise. All regressions include lender and
time-varying borrower-day �xed e�ects and use network C. Standard errors are double-clustered at the date and bank-pair level.

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

Excess Reservesit-1 -0.003347*** -0.003339*** -0.002847*** 0.016105 0.015614 0.012310 -0.000071 0.000046 0.000088
(-3.49) (-3.81) (-4.69) (0.99) (1.10) (1.00) (-0.13) (0.12) (0.42)

COVID Casest×Excess Reservesit-1 0.000004*** -0.000029 -0.000000
(2.69) (-1.55) (-0.25)

Incidencet×Excess Reservesit-1 0.000229*** -0.001749* -0.000027
(4.14) (-1.68) (-0.70)

Deathst×Excess Reservesit-1 0.000032*** -0.000252* -0.000006*
(3.92) (-1.89) (-1.68)

Observations 7,288 7,288 7,288 7,288 7,288 7,288 3,982,140 3,982,140 3,982,140
R2 0.892 0.892 0.892 0.784 0.784 0.784 0.161 0.161 0.161

Lender Fixed E�ects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Borrower Fixed E�ects No No No No No No No No No
Borrower×Day Fixed E�ects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level Date and Pair Level
Sample Germany Germany Germany Germany Germany Germany Germany Germany Germany

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 16: Robustness II�Placebo Test: The sample is a panel at the transactional, bank-pair and date level ijt. A bank-pair is
de�ned as two banks, lender i and borrower j, trading with each other at day t with daily frequency. Columns (1) and (2) contains
overnight unsecured interbank loans between January 2 and June 9, 2017, January 2 and June 9, 2018 as well as January 2 and June 9,
2019. Column 3 contains the period January 2 and June 9, 2019. Placebot is a dummy variable that equals one from March 12 to June
9 of the corresponding year. Excess Reservesit-1 re�ects the �rst lag of a lender banks' excess reserves. The dependent variable is either
Loan Rateijt, the price of a loan, Log(Total Amount)ijt the logarithm of the amount of a loan or Loan Dummyijt, a dummy variable which
equals one if bank i and j trade on day t and zero otherwise. All regressions include lender and time-varying borrower-day �xed e�ects
and use network A. Standard errors are double-clustered at the date and bank-pair level.

(1) (2) (3)
Loan Rateijt Log(Total Amount)ijt Loan Dummyijt

Excess Reservesit-1 0.0001 -0.0045 -0.000071
(1.12) (-0.88) (-0.13)

Placebot×Excess Reservesit-1 -0.0000 0.0071 -0.000000
(-0.76) (1.00) (-0.25)

Observations 20,745 20,745 3,982,140
R2 0.958 0.877 0.161

Lender Fixed E�ects Yes Yes Yes
Borrower Fixed E�ects No No No
Borrower×Day Fixed E�ects Yes Yes Yesy
Standard Error Clustering Date and Pair Level Date and Pair Level Date and Pair Level
Sample 2017-2019 2017-2019 2019

Robust t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1

56


	Introduction
	Literature
	Data
	Variables and Descriptive Statistics

	Empirical Strategy and Hypothesis
	COVID-19
	Fragmentation of the European Interbank Market
	Liquidity Endowment
	Relationship Lending
	The Eurosystem's Tender Auction
	The Aggregated Borrowing Side

	Main Results
	COVID-19
	Fragmentation of the European Interbank Market
	Liquidity Endowment
	Relationship Lending
	The Eurosystem's Tender Auction
	The Aggregated Borrowing Side

	Robustness
	Conclusion

