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Abstract
When banks are hit by a severe liquidity shock, central banks have a key role as lenders
of last resort. Despite the well-established importance of this mechanism, there is scarce
empirical evidence that allows analyzing this key role of central banks. We are able to
explore a unique setting in which banks suddenly lose access to market funding due to
contagion fears at the onset of the euro area sovereign debt crisis. Using monthly data at
the loan, bank, and �rm level, we are able to test the role of the central bank in a scenario
of imminent collapse. We �nd that the liquidity obtained from the central bank played a
critical role in avoiding the materialization of such a scenario.

JEL: E44, E5, G21

Keywords: lender of last resort, monetary policy, credit channel, �nancial crisis.
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1. Introduction

One of the critical functions of central banks is to act as lenders of last resort.

When liquidity suddenly dries up, the central bank should stand ready to supply

liquidity to distressed banks as long as their solvency is not at risk (Freixas et al.

2000, 2004; Repullo 2005; Rochet and Vives 2004). Despite this critical role,

there is scarce empirical evidence on this topic. In this paper we explore a

unique event of large scale that might be the perfect lab to assess the role of

the lender of last resort in avoiding the collapse of a banking system.

We focus on a large unanticipated shock that hit the Portuguese banking

system in the early days of the sovereign debt crisis in the euro area. In

May 2010 Portuguese banks suddenly lost access to international medium

and long-term wholesale debt markets, which was an important source of

their funding. This sudden stop scenario was mainly linked to investors'

concerns about contagion from the sovereign crisis that was then emerging

in Greece. Portuguese banks then escalated their recourse to Eurosystem

monetary operations, which increased by 20% of GDP in just a few months.

Despite this large scale sudden stop, there were no apparent implications in

terms of aggregate credit conditions. Against this background, we investigate

the role of the ECB in counterbalancing the adverse and unexpected liquidity

shock that hit the Portuguese banking system.

The empirical analysis takes advantage of a unique combination of detailed

and extensive datasets available for the Portuguese economy. The main dataset

used is the Portuguese Central Credit Register (CRC), which has monthly

data on virtually all bank loans granted by Portuguese �nancial institutions to

non-�nancial corporations. Further, we collect monthly information on banks'

liquidity, capital, and balance sheet items, as well as on their holdings of

Portuguese government bonds. Finally, we also collect bank-level data on

the recourse to monetary policy operations and standing facilities, and the

collateral pool.

Ensuring a proper identi�cation of the role of the enhanced liquidity

provision by the Eurosystem raises considerable challenges. In this respect,

several features of the data help in the identi�cation. First, the liquidity

shock was arguably exogenous and unanticipated. When Portuguese banks lost

access to markets, there were no explicit concerns about �nancial stability in

Portugal. The shock was due to changes in the perception of market players

regarding long standing structural vulnerabilities of the Portuguese economy,

amidst heightened uncertainty due to the Greek crisis. Second, there was high

heterogeneity in the individual banks' recourse to the Eurosystem, both before

and after the liquidity shock. In this respect, exploring the heterogeneity across

banks at the micro level is helpful in the identi�cation of the main transmission

channels. Third, the richness of the data allows a careful identi�cation of

demand and supply in the loan market. In particular, we select only �rms

that have a relationship with more than one bank and employ �rm �xed-e�ects
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estimation in order to control for �rm-speci�c loan demand e�ects (Khwaja

and Mian 2008). Further, bank variables are included at their levels prior to the

liquidity shock, in order to mitigate endogenous e�ects. With this identi�cation

strategy, we are able to assess the e�ect of the expanded liquidity provision on

banks' loan supply to non-�nancial corporations in a sudden stop scenario.

Our results show that access to ECB funding was essential in avoiding

a collapse in Portuguese credit markets. Despite the sudden loss of access to

wholesale markets, the virtually unlimited access to central bank funding helped

banks to continue to provide funding to the real economy. We are not able to

�nd any evidence of major disruptions in loans granted to �rms.

Of course not all banks were a�ected equally by this shock, as their starting

points in terms of liquidity and capital played an important role. We �nd that

larger banks and banks with higher capital granted less credit than other banks,

for similar increases in central bank funding.

To clearly establish the role of the lender of last resort on banks' balance

sheets in this turbulent period, we design a simple counterfactual analysis.

The main idea is to show what could have happened to banks' assets if

there had been no alternative source of funding when access to wholesale

markets suddenly disappeared in May 2010. This allows us to more precisely

quantify the magnitude of the shock. Given the strong dependence of the largest

Portuguese banks on market funding, we show that a collapse in credit would

be unavoidable without the support of a lender of last resort.

Though many things remained surprisingly unchanged after this

unprecedented shock, banks' balance sheets did not go unscathed. The increase

in ECB funding during this period largely surpassed the liabilities that needed

to be re�nanced. This led to a (temporary) expansion of banks' balance sheets.

We show that at least part of this excess liquidity was channeled to an increase

in holdings of domestic sovereign bonds. This is consistent with the idea

that there was �nancial repression in this period, with sovereigns in distress

encouraging banks to buy their debt (Becker and Ivashina 2014; Ongena et al.

2016).

Our paper contributes to the empirical literature on the role of the lender

of last resort, which is almost nonexistent. One notable recent exception is

Drechler et al. (2016). These authors use bank-level data on ECB borrowing and

�nd that euro area banks used this liquidity to engage in risk-shifting strategies,

rather than lending to the real economy. In contrast to the scarce empirical

evidence, there is an extensive theoretical literature on the role of the lender of

last resort, with an emphasis on potentially pervasive moral hazard problems

that arise out of this insurance mechanism (Freixas et al. 2004; Gorton and

Huang 2004; Ratnovski 2009; Rochet and Tirole 1996; Rochet and Vives 2004;

Wagner 2007). More generally, our study is also framed in the �ourishing recent

line of research on the impact of unconventional measures, in particular using

loan-level data (Acharya and Mora 2015; Acharya et al. 2016; Andrade et al.

2015; Cantero-Saiz et al. 2014; Carpinelli and Crosignani 2015; Chakraborty
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et al. 2016; Chodorow-Reich 2014; Crosignani et al. 2016; Daetz et al. 2016;

Darracq-Paries and De Santis 2015; Ferrando et al. 2015; Garcia-Posada and

Marchetti 2015; Morais et al. 2015; Ramcharan and Yu 2014).

This paper is organized as follows. In Section 2 we discuss the role of a

central bank as a lender of last resort, providing also a timeline of the main

events in the period analyzed. In Section 3 we describe the data used and

in Section 4 we present an overview of what happened with banks during

this unique period. In Section 5 we use loan-level data to examine the role

of access to central bank funding in corporate lending during this period of

near collapse of the �nancial system. In Section 6 we take an additional step

in establishing clearly the role of the lender of last resort in avoiding a collapse

of the banking system, by attempting to design a counterfactual scenario. In

Section 7 we explore whether banks used ECB funding to buy sovereign debt,

amidst an environment of �nancial repression. In Section 8 we summarize our

main �ndings.

2. The role of a central bank under a sudden stop scenario

Bagehot (1873) was among the �rst to acknowledge the role of the lender of last

resort, arguing that "theory suggests, and experience proves, that in a panic

the holders of the ultimate bank reserve (whether one bank or many) should

lend to all that bring good securities quickly, freely, and readily. By that policy

they allay a panic; by every other policy they intensify it." Since then, the

consensus has been to lend freely, usually at penalty rates and against good

collateral, to all solvent but illiquid banks.

Since then, several models have been designed to better understand the

role of the lender of last resort, focusing in particular in the moral hazard

problem created by this mechanism (Freixas et al. 2000, 2004; Gorton and

Huang 2004; Ratnovski 2009; Rochet and Tirole 1996; Rochet and Vives 2004;

Wagner 2007). However, despite these extensive theoretical underpinnings, to

the best of our knowledge, there are only a few papers empirically looking at

the role of central banks as lender of last resort during the global �nancial crisis.

The paper that is closest to ours is Drechler et al. (2016). Using weekly data on

bank-level borrowing from the ECB between August 2007 and December 2011,

these authors �nd that euro area banks used central bank funding to invest in

high-yield sovereign debt. This risk-shifting behavior was stronger for weakly-

capitalized banks. These �ndings are inconsistent with the classical predictions

of the lender of last resort theory, according to which banks borrow from the

lender of last resort to avoid �re sales of their existing asset holdings. This

should allow banks to continue lending to the economy, thereby preventing a

credit crunch.

Garcia-de-Andoain et al. (2015) examine the role of the ECB as a lender

of last resort during the global �nancial crisis. Using data from interbank
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payments, these authors show that the ECB was able to satisfy the demand for

liquidity in the interbank market in the aftermath of the failure of Lehman

Brothers. Further, the ECB increased the supply of liquidity in stressed

countries during the euro sovereign debt crisis.

Acharya et al. (2016) contrast the role of the ECB as a lender of last resort

to that of a buyer of last resort. This amounts to comparing the e�ect of

central bank lending through Long Term Re�nancing Operations (LTRO) to

the e�ect of buying assets through Outright Monetary Transactions (OMT).

The e�ects of the announcement of these operations are assessed on sovereign

bond yields, sovereign credit default swap spreads, banks' holdings of sovereign

bonds, banks' equity prices, banks' credit default swap spreads, and US money

market funds' investments in European banks. The authors �nd that buying

assets proved more e�ective than lending to banks by containing pervasive

bank-sovereign feedback loops.

Though de Haan et al. (2015) do not look explicitly at the role of the lender

of last resort, these authors do �nd that borrowing from central banks allowed

euro area banks to mitigate the impact of wholesale funding shocks on lending

to the real economy.

In this paper we are able to perform a more targeted test of the role of the

lender of last resort in a crisis setting. Since the early days of the global �nancial

crisis, the ECB, together with central banks worldwide, actively intervened

to restore the transmission of monetary policy and ful�ll its mandate. This

included not only a series of policy interest rate cuts, but also a large set of

unconventional monetary policy measures. In the fall of 2008 the ECB adopted

a �xed rate full allotment procedure at its regular re�nancing operations,

ensuring that all the liquidity needs of banks were met at a �xed interest

rate, as long as banks had enough eligible collateral to pledge. Around the

same time, the list of assets eligible as collateral was expanded, with several

increments in the di�cult period that would follow. To some extent, we might

argue that in this new setting the ECB's role as a lender of last resort was

signi�cantly expanded. During this period the ECB also implemented longer-

term re�nancing operations (with maturities up to one year), foreign exchange

operations, and the Covered Bond Purchase Program. Later on, the ECB

implemented the Securities Market Program to purchase sovereign bonds.

These measures implied a considerable expansion of the ECB balance sheet.

However, Portuguese banks recorded only a mild increase in their access to ECB

funding in this early period of the crisis (2007-08). Indeed, Portuguese banks

were not hardly hit by the global �nancial crisis that followed the collapse of

Lehman Brothers, as their exposure to subprime markets and, more generally,

to US markets, was residual. Constraints in access to interbank funding during

this period were easily accommodated with occasional access to monetary
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policy operations and to the issuance of bonds with government guarantees.1

In turn, loan �ows were una�ected during this period, with credit growth rates

remaining far above those of the euro area, despite the declining trend. In

December 2008 the annual growth rate of loans to non-�nancial corporations

stood at 10.5%.

This relatively benign scenario in Portugal su�ered a blow in May 2010.

Suddenly, Portuguese banks entirely lost access to funding in international

wholesale debt markets (Figure 1).2 This sudden stop scenario was not due to

intrinsic fragilities in the Portuguese banking system. Instead, it re�ected the

environment of heightened uncertainty in the beginning of the sovereign euro

area crisis, when investors were wary of potential contagion from Greece. This

sudden loss of access to markets was sizable enough to threaten the survival

of many Portuguese banks, which operated with relatively high loan-to-deposit

ratios (around 160% in early-2010). However, despite the high dependence on

access to wholesale markets, when we look at credit growth during this period

it seems that nothing happened (Figure 2). The annual growth rate of loans to

non-�nancial corporations was stable at around 1% during 2010, thus implying

that banks were re�nancing most loans and even extending some new credit.3

The answer to this apparent puzzle lies in the lender of last resort support by

the ECB. The unconventional measures adopted by the ECB early in the crisis

allowed Portuguese banks to easily substitute market funding by ECB loans.

In just a few months, the recourse of Portuguese banks to the Eurosystem

increased by 20% of GDP. The evolution of this variable clearly illustrates

the unanticipated nature of this shock (Figure 1). If banks were anticipating

that they would get into distress, we would expect a gradual increase in this

variable over a few months. However, access to Eurosystem funding clearly

spiked in May 2010. Note that in this period the Eurosystem did not implement

new monetary policy measures and the Eurosystem aggregate excess liquidity

remained broadly stable.

Against this background, in this paper we explore this unique setting to

empirically assess the role of the lender of last resort in a sudden stop scenario.

Our �ndings will show that the lender of last resort played a key role in allowing

banks to survive this perfect storm without jeopardizing �nancing to the real

economy.

1. Interbank markets remained severely impaired for a long period (Acharya and Merrouche
2013; Afonso et al. 2011; Brunnermeier 2009). Iyer et al. (2014) examine the 2007 shock on
interbank markets using Portuguese data.

2. "From May 2010 on, Portuguese banks lost access to international medium and long-
term wholesale debt markets." Financial Stability Report Banco de Portugal, May 2012.

3. Loan growth rates became negative later, in 2011, when the country was under an
international �nancial assistance program.
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Figure 1: Portuguese banks' funding
through securities (lhs) and through the
Eurosystem (rhs) as a percentage of total
assets

Figure 2: Annual growth rate of loans
to non-�nancial corporations in Portu-
gal. The growth rate is adjusted for secu-
ritization operations, reclassi�cations,
write-o�s/write-downs, credit portfolio
changes, exchange rate changes, and
price revaluations.

3. Data

We collect monthly data from January 2005 to December 2013 from several

datasets. The main dataset has bank loan level data from the Portuguese

Central Credit Register (CRC), which is a database managed by Banco de

Portugal. The CRC covers virtually all bank loans granted in Portugal (all

�nancial institutions granting credit in Portugal are required to report to the

CRC on a monthly basis all loans above 50 euro). We consider only loans

granted to non-�nancial corporations.4 The CRC has information on the type

of loan, the debtor, and the amount, while also including information on loan

defaults and renegotiations, as well as potential credit liabilities associated with

irrevocable commitments.

The data on loans are merged with data on banks' characteristics coming

from supervisory reports. There are 29 credit institutions eligible to participate

in Eurosystem operations that were active in the corporate loan market between

March and December 2010.5 All institutions report monthly balance sheet data,

with the exception of the branches of credit institutions with head o�ce in the

EU, which report quarterly. For these, we consider data at end of quarter for

the missing months. These branches do not report regulatory capital ratios.

4. de Haan et al. (2015) shows that lending to non-�nancial �rms is more sensitive to
wholesale funding shocks than lending to households.

5. In March 2010 there were 42 credit institutions that were eligible to participate in
Eurosystem operations. However, 13 were investment banks or credit institutions specialized
in consumer credit, thus not granting loans to non-�nancial corporations.
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We run a regression of regulatory capital ratios on banks' leverage ratios

(de�ned as equity as a percentage of total assets), which is available for all

the credit institutions in the sample. We then use the predicted values of these

regressions as proxies for the regulatory capital ratio of the �ve branches of

credit institutions with head o�ce in the EU in our database.

We collect monthly data on banks' supervisory liquidity reports. These

reports include detailed information for banks' assets and liabilities in several

maturity brackets, thereby allowing us to compute liquidity gaps between assets

and liabilities in di�erent time horizons. The information included in these

reports also allows us to identify the value of eligible assets for Eurosystem

operations on banks' balance sheets (including those that are not currently

part of the collateral pool).

We collect data at the bank level on the recourse to Eurosystem liquidity by

type of operation (both liquidity provision and absorption), and on the pool of

eligible assets to re�nancing operations. We also collect data on banks' holdings

of Portuguese government debt during this period, given its large increase and

its relevance in the context of the sovereign debt crisis.

Finally, in order to control for �rms' characteristics, we also used data

on �rms' balance sheet and income statements reported through Informação

Empresarial Simpli�cada (IES ). This database covers the entire universe

of Portuguese non-�nancial corporations, given its mandatory nature. The

frequency of the data is annual.

Table 1 summarizes the variables used in the analysis of the period in which

Portuguese banks lost access to wholesale markets, using loan level data.6

6. Table A.1 in the Appendix shows the descriptive statistics for bank level data.
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Variable T Unit Obs Mean Std.Dev. P25 Median P75

Ln(assets)j Mar/2010 ln(euro) 218,283 24.27 1.10 23.35 24.72 25.23
Loan-to-depj Mar/2010 ratio 218,283 164.76 30.27 144.36 161.01 180.54

Liq ratioj Mar/2010 ratio 218,283 16.60 7.81 10.26 15.46 22.00
Solv ratioj Mar/2010 ratio 218,283 9.43 11.95 11.47 12.10 13.90

ECB fundingj Mar/2010 ratio 217,291 0.03 0.02 0.01 0.02 0.05
collateralj Mar/2010 ratio 218,283 10.82 6.03 7.45 9.20 12.87

Liq gap 1M-3Mj Mar/2010 ratio 218,283 -3.27 6.36 -4.55 -3.53 -0.72
∆ECB fundingj Mar-Aug/10 b.p. change 220,688 6.19 5.53 0.00 7.00 10.90

∆Securitiesj Mar-Aug/10 b.p. change 201,828 -2.19 5.11 -3.36 -3.05 0.00
loan growthij Mar-Dec/10 log change 188,796 -10.94 67.18 -24.70 -2.54 1.09

(loan+lines) growthij Mar-Dec/10 log change 168,469 -11.12 75.40 -29.59 -5.77 5.18
∆Ln(assets)j Mar-Dec/10 log change 191,729 1.68 11.76 -4.37 5.49 8.65

∆Loan-to-depj Mar-Dec/10 p.p. change 191,729 -4.97 17.15 -13.89 -4.59 0.20

Table 1. Descriptive statistics of the variables used in the analysis

Notes: The index j stands for bank and the index i stands for �rm. T is the moment in time
to which the statistics refer. Variables description: Ln(assets) is the logarithm of the total
assets of the bank. Loan-to-dep is the ratio between total credit granted by the bank and
resources from customers. Liq ratio is the amount of liquid assets (cash, loans and advances
to credit institutions, and other loans and advances) over total assets. Solv ratio is the
prudential total capital ratio. For branches of credit institutions with head o�ce in the EU,
which do not report prudential capital ratios, we use the predicted values of a regression
of capital ratios on leverage ratios. ECB funding is the total amount of liquidity provided
by the Eurosystem net of liquidity deposited at the Eurosystem, over total assets of the
bank. Liq gap 1M-3M is the di�erence between liquid assets and liabilities with residual
maturity between 1 and 3 months as a percentage of stable funding. A higher gap thus
represents more liquidity. Collateral is the amount of reported assets in the bank's balance
sheet eligible for Eurosystem operations over total assets of the bank. loan growth is the log
change of the total amount of e�ective loans granted by the bank to the borrower. (loans +
lines) growth is the log change of the loans including unused credit lines. Securities is the
outstanding amount (book-value) of securities issued by each bank. Loan growth rates were
winsorized at the 1st and 99th percentiles, while the liquidity variables were winsorized at
the 5th and 95th percentiles.

4. What happened at the bank level?

The use of loan-level data is a key source of identi�cation, as discussed above,

as it allows us to control for changes in loan demand. Nevertheless, before we

explore that information in detail, it may be interesting to have an overview of

what happened during this period at the bank level.

Figure 1 shows that the large fall in funding by securities was o�set by the

sharp increase in access to Eurosystem funding in the Spring and Summer of

2010. While after the collapse of Lehman Brothers in September 2008 there

was only a mild and temporary increase in access to these operations, in 2010

the situation was entirely di�erent. Between March and August, the increase

in these operations was around 20% of GDP.

Figure 2 depicts the annual growth rate of loans to non-�nancial

corporations in Portugal. Despite the huge shock on banks' funding, loan

growth rates remained broadly stable during this period. Only more than
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one year later, after the request for �nancial assistance by the Portuguese

government, did loan growth rates start to move into negative territory.

These two �gures depict the aggregate picture, but it is also worth noting

the substantial heterogeneity between banks. Figures 3 to 8 inform us about

this heterogeneity, focusing only on potentially exposed banks, i.e., those that

issued securities at least once prior to 2010.7 These �gures depict the empirical

distributions of several bank characteristics using estimated kernel densities

weighted by banks' total assets.

Figure 3 shows that even though the average loan-to-deposit ratio was high

by international standards, pointing to a strong reliance on access to wholesale

debt markets, there is a great deal of dispersion in this measure. Figure 4

complements this idea of dependence from wholesale markets, showing the

funding by securities as a percentage of total assets. Moreover, it shows how

important the shock was, as the estimated density shifted considerably to the

left and became much more concentrated between March and December 2010.

Simultaneously, the density of the ECB funding shifted to the right, illustrating

the funding substitution (Figure 5).

However, despite the remarkable heterogeneity in the way the shock was

felt and in the banks' reaction, the share of loans (including credit lines) on

banks' balance sheets barely changed (Figure 6). Moreover, between March and

December 2010 the remaining balance sheet items of the banks also remained

relatively stable across the entire sample. Figure 7 shows that deposits as a

percentage of banks' total assets almost did not change during this period.

Further, Figure 8 reveals that the change in banks' total assets was concentrated

slightly above zero. This shows, on the one hand, that despite the large and

heterogeneous magnitude of the shock to wholesale funding, its impact on

banks' total assets and loan portfolios was very homogeneous and hardly visible,

and, on the other hand, banks' deposits, which are their main funding source,

did not react to or co-move with the shock.8

5. Loan level evidence on the role of the lender of last resort

5.1. Identi�cation strategy

In a crisis environment, in which many things may be happening

simultaneously, it is quite challenging to design a proper identi�cation strategy

to establish a causal relationship between variables. We do this by exploring

7. These 24 banks represented 60% of the sample of banks and 94% of the total assets of
the sample in March 2010.

8. The interbank market remained impaired at the time. Changes in interbank assets and
liabilities in this period re�ect intra-group funding for the largest banking groups.
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Figure 3: Estimated kernel density of
the loan-to-deposit ratio weighted by
banks' assets

Figure 4: Estimated kernel density of
the funding by securities as a share of
total assets, weighted by banks' assets

Figure 5: Estimated kernel density of
the ECB funding as a share of total
assets, weighted by banks' assets

Figure 6: Estimated kernel density of
loans to non-�nancial �rms including
credit lines as a share of total assets,
weighted by banks' assets

Figure 7: Estimated kernel density
of deposits as a share of total assets,
weighted by banks' assets

Figure 8: Estimated kernel density of
the percent changes in assets between
March and December 2010, weighted by
banks' assets
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the richness of the dataset available in the quasi-natural experimental setting

that we are examining.

The nature of the shock itself helps to create the perfect lab to examine

the role of the lender of last resort. The sudden loss of access to wholesale

markets by Portuguese banks was largely unexpected, re�ecting a sudden rise

in investors' risk aversion, amidst growing concerns about the Greek sovereign

debt crisis spreading to other vulnerable euro area countries. Given the

fragilities of the �scal and economic situation of the Portuguese economy in that

period, investors perceived Portugal to be the next "victim". These concerns

actually materialized, but only one year later, with the government asking for

international �nancial assistance. Another important aspect to consider is that

the ECB did not adopt any speci�c measure as a reaction to these events.

Portuguese banks were able to bene�t from a safety net that had been created

during the previous years, including the �xed rate full allotment procedure and

the extended list of eligible collateral. These two measures allowed banks to

access all the liquidity they wished from the ECB at a �xed rate, using an

expanded list of assets that could be used as collateral. Indeed, the collateral

constraint was not binding at the time, thus allowing banks to use ECB's

monetary policy operations without major limitations.

For identi�cation purposes, it is also worth highlighting the heterogeneity

within Portuguese banks. Their situation diverged substantially in terms of

their recourse to the Eurosystem, both before and after the liquidity shock.

Moreover, banks' dependence on wholesale markets was also heterogeneous,

meaning that banks were hit di�erently by this shock. The same can be said

for liquidity and capital bu�ers. In this respect, exploring the heterogeneity at

the micro level is helpful in the identi�cation of the main transmission channels.

Finally, the richness of the data allows for a careful identi�cation of demand

and supply in the loan market. Though exploring this event using only bank-

level data would allow us to establish some relationships between access to

ECB funding and credit dynamics, it is important to note that at this level

it would not be possible to control for changes in the demand for bank loans.

However, given that we have loan-level data, we are able to select only �rms that

have a relationship with more than one bank.9 This selection, together with

�rm �xed-e�ects estimation, allows us to control for �rm-speci�c loan demand

e�ects (Khwaja and Mian 2008), thereby allowing us to explicitly identify credit

supply e�ects at the bank-�rm level.

Importantly, to further mitigate endogeneity concerns, all bank variables

are included at their levels prior to the liquidity shock.

Our baseline speci�cation is:

9. More than 70% of the observations in the CRC in 2010 refer to �rms with multiple bank
relationships. If we exclude micro �rms, the percentage goes up to 93%. If we consider the
number of �rms instead of the number of relationships, 53% of the �rms borrow from more
than one bank (81% if we exclude micro �rms).
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loan_growthijT = c+ αi + β∆ECB_fundingjT−4 + δXjT−9 + εijT (1)

where T refers to December 2010, αi are �rm �xed e�ects and

loan_growthijT refers to the log change of loans between March 2010 and

December 2010 granted by bank j to �rm i. ∆ECB_fundingjT−4 is the change

in ECB funding as a percentage of banks' assets between March 2010 and

August 2010. The di�erence in the time horizons considered intends to capture

lags in the process of loan approval. Moreover, the period between March and

August captures the peak in access to ECB funding. Finally, XjT−9 are a

set of bank controls measured before the shock, in March 2010, to mitigate

endogeneity concerns.

5.2. Testing in the perfect lab

Table 2 shows the results of the empirical strategy discussed above. We begin

by running the regressions without controlling for bank characteristics. In

the �rst column we show the results without �rm-�xed e�ects, while in the

second column these are included, thereby allowing us to capture all dimensions

related to �rm demand. In the third column we control for a number of bank

characteristics, namely total assets, the loan-to-deposit ratio, the liquidity

ratio, and the solvency ratio. This will be our baseline speci�cation. In the

fourth column we consider the same speci�cation, but using loan growth

excluding unused credit lines as the dependent variable (instead of the total

loan exposure). While including unused credit lines allows us to control for

the full exposure of a bank to a �rm, excluding them allows us to look at

the e�ective outstanding debt of the �rm. This latter measure is a�ected by

demand, as �rms actively choose to draw down credit lines, most notably in

stress scenarios (Carpinelli and Crosignani 2015; Ippolito et al. 2016). In the

�fth column we consider all �rm-bank relationships, without imposing that

�rms have multiple relationships and without �rm �xed e�ects. This is a

departure from our identi�cation strategy based on Khwaja and Mian (2008).

Our goal is to be sure that the results are not a�ected by using a sample that

includes only �rms with multiple bank relationships. However, this speci�cation

does not allow to control for demand e�ects.

The e�ect of the increase of access to ECB funding on �rm loan growth

is not statistically signi�cant in any of these speci�cations. This shows that

despite the dramatic increase in this funding source (and of its heterogeneity

between banks), loan supply to �rms remained broadly unchanged. This result

con�rms the idea that the access to the lender of last resort was essential to

avoid a credit crunch.

Our results are consistent with those of Abbassi et al. (2016), who �nd that

German banks who borrowed more from the ECB did not grant signi�cantly

more nor less credit to �rms than other banks. Note that this result holds in
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a situation that is quite di�erent from that analyzed in our paper, in which

the increase in ECB funding was due to a sudden stop scenario for Portuguese

banks in wholesale debt markets.

Interestingly, we �nd that better capitalized banks were able to grant more

loans than other banks. The same occurred for banks with more comfortable

liquidity positions, though this evidence is weaker.

One important assumption underlying our previous estimations is that the

magnitude of the shock is captured by the change in access to ECB funding,

given that there were no binding collateral constraints at the time. However, the

amount borrowed from the ECB might be an endogeneous choice, most notably

given the �xed rate full allotment procedure implemented by the ECB. As such,

in Table 3 we explore more directly the e�ect of the shock that hit Portuguese

banks in May 2010. In the �rst column we report the results exploring the e�ect

of the shock in banks' funding on loan growth. We measure the shock as the

change in the outstanding amount of securities issued by each bank between

March and August 2010, as a percentage of total assets. In the second column

we consider that e�ect together with the change in ECB funding during the

same period. In the third column we add a measure of banks' vulnerability

to the shock, captured by the Liq gap 1M-3M in March 2010. Banks with less

liquid assets and more short-term liabilities to be re�nanced were more exposed

to the shock. Regardless of the speci�cation, we still do not �nd statistically

signi�cant e�ects, thus lending further support to the hypothesis that the ECB

successfully avoided a collapse in credit markets in Portugal.

5.2.1. Exploring �rm heterogeneity. Even though we do not �nd any

statistically signi�cant impact of access to ECB funding on loan growth, it is

possible that �rms were a�ected in di�erent ways. We explore this by running

the regression presented in the third column of Table 2 for di�erent groups of

�rms. We explore di�erences across �rm size cohorts, loan maturities (short-

term versus long-term) and the riskiness of �rms (�rms in default versus others).

In Table 4 we report the results for di�erent �rm size cohorts, i.e., micro,

small, medium and large �rms. The e�ect of access to ECB funding is not

signi�cant for any �rm size category, suggesting that there was no credit crunch

in any of these segments of corporate loans in this period.

Even though it seems that banks successfully substituted market funding

with ECB funding, we should not forget that this led to a sizeable shortening in

the maturities of banks' liabilities. As such, it is possible that long-term loans

were more a�ected by this shock than short-term loans granted by banks. In

Table 5 we estimate our baseline regression separately for growth rates of loans

in these two maturity segments. We �nd that there are no visible di�erences

in the maturity of banks' portfolios, despite the shock in the maturity of their

liabilities.

Another possibility is that banks used ECB funding to engage in risk-

shifting strategies by providing loans to riskier borrowers. In Table 6 we show
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Dependent variable: loan_growthij

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

∆ECB fundingjT−4 -0.0263 0.0457 -0.118 -0.169 -0.328
(0.352) (0.366) (0.329) (0.388) (0.298)

Ln(assets)jT−9 -1.091 -1.300 -0.263
(1.550) (1.788) (1.316)

Loan-to-depjT−9 -0.0747* -0.0905** -0.0243
(0.0370) (0.0420) (0.0317)

Liq ratiojT−9 0.334* 0.343 0.205
(0.186) (0.220) (0.165)

Solv ratiojT−9 0.552*** 0.578*** 0.423***
(0.0808) (0.0946) (0.0680)

Constant -10.83*** -11.32*** 17.71 25.03 -5.596
(3.614) (3.541) (37.98) (43.17) (33.08)

Firm FE N Y Y Y N
Unused credit lines Y Y Y N Y

Relationships Multiple Multiple Multiple Multiple All

Banks 29 29 29 29 29
Firms 72 772 72 772 68 378 66 266 180 974
Nº obs 182,685 182,685 178,291 159,417 316,279

Prob>F 0.9409 0.9016 0.0000 0.0000 0.0000

Table 2. Results for the regressions at the loan level

Notes: Dependent variable: Log change in loans at the �rm-bank level between March
and December 2010. In the �rst column we report the results without �rm �xed e�ects
and without controlling for bank characteristics. In the second column we introduce �rm
�xed e�ects. In the third column we introduce bank characteristics. This is our baseline
regression. In the fourth column we consider a modi�ed version of the dependent variable,
excluding the unused amounts of credit lines from the de�nition of loan growth. In the �fth
column we consider all �rm-bank relationships, without imposing that �rms have multiple
relationships and without �rm �xed e�ects. All variables de�ned in Table 1. Second line
values in parentheses are the robust standard errors clustered at the bank level. * signi�cance
at 10 per cent; ** signi�cance at 5 per cent; *** signi�cance at 1 per cent.

the results of running the baseline regression separately for good and bad

quality �rms, i.e., �rms without or with defaults in the last two consecutive

quarters. Again, we cannot �nd any statistically signi�cant e�ect of the role of

the ECB. The only noteworthy di�erence is that banks with more capital and

liquidity seem to be more prone to risk-taking strategies in this period.

5.2.2. Exploring bank heterogeneity. As shown above, there is substantial

heterogeneity in the way banks were a�ected by the sudden loss of access to

wholesale debt markets. Furthermore, Acharya et al. (2015) show that during

crises, the transmission of central bank liquidity is impaired, a�ecting banks

di�erently depending on their soundness. As such, it is quite likely that there are

important di�erences between banks. Thus, in what follows we run additional

regressions with subsamples de�ned according to bank characteristics (bank

size, capital, liquidity and collateral availability).

Our �rst approach is to search for di�erences based on bank size. The

Portuguese banking system is highly concentrated, with the �ve largest banks

having a 70% market share of the corporate loan market. When we run the
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Dependent variable: loan_growthij

(1) (2) (3)

∆SecuritiesjT−4 0.0141 0.000219 -0.0646
(0.281) (0.295) (0.326)

∆ECB fundingjT−4 -0.101
(0.341)

Liq gapjT−9 0.443
(0.401)

Ln(assets)jT−9 -1.871 -1.665 -0.644
(1.738) (1.805) (1.742)

Loan-to-depjT−9 -0.0729 -0.0692 -0.0622
(0.0465) (0.0476) (0.0463)

Liq ratiojT−9 0.357* 0.351 0.379**
(0.196) (0.206) (0.172)

Solv ratiojT−9 0.567*** 0.567*** 0.358
(0.132) (0.129) (0.252)

Constant 35.07 30.20 6.277
(43.19) (43.84) (42.07)

Banks 18 18 18
Firms 68 260 68 260 68 260
Nº obs 172,333 172,333 172,333

Prob>F 0.0000 0.0000 0.0000

Table 3. Results for the regressions for di�erent measures of the liquidity shock

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All regressions include �rm �xed e�ects.
In the �rst column we report the results exploring the e�ect of the shock in banks' funding
on loan growth. We measure the shock as the change in the outstanding amount of securities
issued by each bank between March and August 2010, as a percentage of total assets. In the
second column we consider that e�ect together with the change in ECB funding during the
same period. In the third column we add a measure of banks' vulnerability to the shock,
captured by the Liq gap 1M-3M in March 2010. All other variables de�ned in Table 1.
Second line values in parentheses are the robust standard errors clustered at the bank level.
* signi�cance at 10 per cent; ** signi�cance at 5 per cent; *** signi�cance at 1 per cent.

regressions separately for these banks, we �nd some interesting di�erences

(Table 7). For the largest banks we �nd a large and statistically signi�cant

negative e�ect of access to ECB on loan growth. This means that within these

largest banks, those that used ECB funds more intensively, as a percentage

of their assets, actually granted less credit to �rms. One possibility, to be

explored later, is that the larger banks used this funding to increase other

assets. The most plausible candidate should be government bonds, given the

possible �nancial repression in a period in which loss of access to markets by

banks was preceded by the loss of access by the sovereign (Becker and Ivashina

2014; Ongena et al. 2016). In a way, access to central bank funding might have

allowed some banks to smooth, to some extent, the e�ect of this shock on the

government sector.
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Dependent variable: loan_growthij

Micro Small Medium Large

∆ECB fundingjT−4 -0.0343 -0.0934 0.261 -0.300
(0.352) (0.348) (0.324) (0.546)

Ln(assets)jT−9 -2.078 -1.406 -0.179 -0.189
(1.714) (2.068) (1.782) (3.209)

Loan-to-depjT−9 -0.0815* -0.0834 -0.0834** -0.122*
(0.0450) (0.0514) (0.0343) (0.0625)

Liq ratiojT−9 0.327 0.326 0.480*** 0.236
(0.232) (0.193) (0.123) (0.248)

Solv ratiojT−9 0.445*** 0.497*** 0.366*** 0.245*
(0.0832) (0.115) (0.0585) (0.134)

Constant 43.05 30.43 -0.00385 13.75
(42.78) (51.78) (43.10) (75.10)

Banks 25 26 28 26
Firms 33,030 18,101 4,115 778
Nº obs 77,350 52,413 16,402 3,720

Prob>F 0.0000 0.0000 0.0000 0.1934

Table 4. Results for the regressions for di�erent samples according to �rm size

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All regressions include �rm �xed e�ects.
Firm size categories are de�ned according to the EU Recommendation 2003/361. All other
variables are de�ned in Table 1. Second line values in parentheses are the robust standard
errors clustered at the bank level. * signi�cance at 10 per cent; ** signi�cance at 5 per cent;
*** signi�cance at 1 per cent.

Dependent variable: loan_growthij

Short-term Long-term

∆ECB fundingjT−4 -0.225 -0.0749
(0.870) (0.282)

Ln(assets)jT−9 0.561 -1.520
(4.202) (1.470)

Loan-to-depjT−9 0.0254 -0.0498
(0.0915) (0.0329)

Liq ratiojT−9 -0.235 0.256**
(0.402) (0.119)

Solv ratiojT−9 0.207 0.0657
(0.166) (0.0703)

Constant -31.20 31.14
(92.35) (37.17)

Banks 25 26
Firms 32,736 47,739
Nº obs 47,415 77,477

Prob>F 0.0400 0.1960

Table 5. Results for the regressions for di�erent samples according to loan maturity

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. In the �rst column we consider only short-
term loans in the dependent variable (i.e., with maturities less than one year). In the second
columns we consider only long-term loans (i.e., with maturities above one year). Second line
values in parentheses are the robust standard errors clustered at the bank level. * signi�cance
at 10 per cent; ** signi�cance at 5 per cent; *** signi�cance at 1 per cent.
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Dependent variable: loan_growthij

Bad Good

∆ECB fundingjT−4 -0.397 -0.0368
(0.518) (0.335)

Ln(assets)jT−9 0.284 -1.564
(2.062) (1.783)

Loan-to-depjT−9 -0.00709 -0.0930**
(0.0406) (0.0413)

Liq ratiojT−9 0.298 0.339*
(0.206) (0.189)

Solv ratiojT−9 1.307*** 0.356***
(0.0660) (0.0859)

Constant -43.09 36.80
(48.86) (44.41)

Banks 26 29
Firms 15,504 52,944
Nº obs 39,107 139,184

Prob>F 0.0000 0.0001

Table 6. Results for the regressions for di�erent samples according to �rm recent
credit history

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All regressions include �rm �xed e�ects.
Bad �rms are those in default in the current and the past quarter. All the remaining �rms
are classi�ed as good �rms. All other variables are de�ned in Table 1. Second line values in
parentheses are the robust standard errors clustered at the bank level. * signi�cance at 10
per cent; ** signi�cance at 5 per cent; *** signi�cance at 1 per cent.

Dependent variable: loan_growthij

Big 5 Other banks

∆ECB fundingjT−4 -2.244*** -0.203
(0.151) (0.165)

Ln(assets)jT−9 35.45*** 7.284***
(2.949) (1.616)

Loan-to-depjT−9 0.235*** -0.0444
(0.0237) (0.0332)

Liq ratiojT−9 0.917*** 0.0496
(0.0861) (0.0802)

Solv ratiojT−9 - 0.588***
- (0.0239)

Constant -934.8*** -173.2***
(75.27) (34.65)

Banks 5 24
Firms 37,863 14,248
Nº obs 89,672 34,018

Prob>F 0.0000 0.0000

Table 7. Results for the regressions for di�erent samples according to bank size

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All variables are de�ned in Table 1. All
regressions include �rm �xed e�ects. The solvency ratio is omitted from the large banks'
regression due to collinearity. The number of observations is lower than in Tables 2 to 6
because we impose that �rms have at least two bank relationships within each subsample
of banks. Second line values in parentheses are the robust standard errors clustered at the
bank level. * signi�cance at 10 per cent; ** signi�cance at 5 per cent; *** signi�cance at 1
per cent.
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Another potential source of heterogeneity is bank capital. So far, there

seems to be consistent evidence that better capitalized banks granted more

credit to �rms during this period. To better explore the role of the lender of

last resort for banks with di�erent degrees of capitalization, we run additional

sample splits based on the median of the empirical distribution of this variable

(Table 8). We �nd a negative and statistically signi�cant e�ect for the better

capitalized banks (i.e., above the median), which, like the largest banks, granted

less credit when they used the ECB's facilities more intensively. The magnitude

of the e�ect is also quite large, meaning that an increase of 1 p.p. in the share

of ECB funding over total assets implies a fall of 1.9 p.p. in the growth rate

of loans to �rms. This result is somewhat counterintuitive and might also be

related with the �nancial repression hypothesis. We will return to this issue in

Section 7.

Dependent variable: loan_growthij

Below median Above median

∆ECB fundingjT−4 0.466 -1.876***
(0.293) (0.458)

Ln(assets)jT−9 -0.876 3.329***
(0.946) (0.857)

Loan-to-depjT−9 -0.0291 -0.0178
(0.0320) (0.0625)

Liq ratiojT−9 0.595*** 0.00136
(0.127) (0.129)

Solv ratiojT−9 0.442*** 1.245
(0.0254) (0.823)

Constant -3.589 -88.33**
(19.10) (34.11)

Banks 15 12
Firms 19,917 19,925
Nº obs 47,525 43,516

Prob>F 0.0000 0.0000

Table 8. Results for the regressions for di�erent samples according to banks' capital
ratio

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All regressions include �rm �xed e�ects.
The table reports sample splits based on the median of the empirical distribution of the
prudential capital ratio. All variables are de�ned in Table 1. The number of observations is
lower than in Tables 2 to 6 because we impose that �rms have at least two bank relationships
within each subsample of banks. Second line values in parentheses are the robust standard
errors clustered at the bank level. * signi�cance at 10 per cent; ** signi�cance at 5 per cent;
*** signi�cance at 1 per cent.

Given these interesting di�erences in terms of bank capital, it is also relevant

to consider potential di�erences in terms of liquidity. Indeed, the shock we

are analyzing was primarily a liquidity shock, a�ecting more substantially the

banks that were more reliant on wholesale debt markets. To explore this, we

start by running the regressions separately for subsamples of banks determined

by their position in the empirical distribution of the loan-to-deposit ratio

distribution (Table 9). In this case, we �nd a statistically signi�cant negative
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e�ect for the role of ECB funding for the banks with a loan-to-deposit ratio

below the median, i.e., those which were arguably less hit by the shock.

We perform a similar exercise for another measure of liquidity, the liquidity

gap, which measures the di�erence between assets and liabilities in a horizon

between 1 month and 3 months (Table 10). The banks with a lower liquidity

gap, i.e. those with less liquid assets, show a negative coe�cient on the recourse

to the ECB. This is in line with expectations, as these banks were more

vulnerable to the shock.

Finally, we test whether collateral availability leads to any di�erences (Table

11). Banks with less collateral available for ECB operations might have been

more constrained in using this funding source. In line with what we could

expect, we �nd a negative e�ect for banks with less collateral available and a

positive e�ect for those with greater collateral availability.

Dependent variable: loan_growthij

Below median Above median

∆ECB fundingjT−4 -0.736* -0.381
(0.382) (0.346)

Ln(assets)jT−9 3.356*** 2.306
(0.422) (2.459)

Loan-to-depjT−9 0.145 0.0650
(0.106) (0.118)

Liq ratiojT−9 0.0669 0.517**
(0.261) (0.210)

Solv ratiojT−9 0.584*** 0.395
(0.0530) (0.236)

Constant -109.6*** -91.33
(14.31) (85.41)

Banks 12 15
Firms 16,262 24,310
Nº obs 37,837 55,528

Prob>F 0.0000 0.0000

Table 9. Results for the regressions for di�erent samples according to banks' loan-
to-deposit ratio

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All variables are de�ned in Table 1. All
regressions include �rm �xed e�ects. The table reports sample splits based on the median of
the empirical distribution of the loan-to-deposit ratio. The number of observations is lower
than in Tables 2 to 6 because we impose that �rms have at least two bank relationships
within each subsample of banks. Second line values in parentheses are the robust standard
errors clustered at the bank level. * signi�cance at 10 per cent; ** signi�cance at 5 per cent;
*** signi�cance at 1 per cent.

Finally, to better explore the heterogeneity between banks and grasp

potentially di�erent e�ects of the access to ECB funding, we consider another

speci�cation such that:

(2)loan_growthijT = c+ αi + β∆ECB_fundingjT−4

+ γ∆ECB_fundingjT−4 ∗XjT−9 + δXjT−9 + εijT
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Dependent variable: loan_growthij

Below median Above median

∆ECB fundingjT−4 -2.203** 0.987
(0.974) (0.708)

Ln(assets)jT−9 6.553* 0.794
(3.537) (2.749)

Loan-to-depjT−9 -0.252 0.0301
(0.165) (0.0715)

Liq ratiojT−9 0.222 0.758
(0.257) (0.564)

Solv ratiojT−9 0.837** 3.798
(0.310) (2.767)

Constant -118.5 -89.32
(71.02) (85.73)

Banks 14 14
Firms 23,277 17,392
Nº obs 52,516 40,254

Prob>F 0.0000 0.7521

Table 10. Results for the regressions for di�erent samples according to bank 1-
month to 3-month liquidity gap

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All variables are de�ned in Table 1. All
regressions include �rm �xed e�ects. The table reports sample splits based on the median
of the empirical distribution of the 1-month to 3-month liquidity gap. The liquidity gap is
de�ned as the di�erence between liquid assets and liabilities with residual maturity between
1 and 3 months as a percentage of stable funding. A higher gap thus represents more liquidity.
The number of observations is lower than in Tables 2 to 6 because we impose that �rms
have at least two bank relationships within each subsample of banks. Second line values in
parentheses are the robust standard errors clustered at the bank level. * signi�cance at 10
per cent; ** signi�cance at 5 per cent; *** signi�cance at 1 per cent.

where γ captures di�erential e�ects of access to ECB funding depending on

bank characteristics. The results for the interactions with the loan-to-deposit

ratio, the liquidity gap, the eligible collateral, the capital ratio and total assets

are shown in Table 12. The goal is to explore some of the e�ects reported in

Tables 7 to 11, but instead of relying on sample splits, using the interactions

between changes in ECB funding and each bank's characteristics. The only

statistically signi�cant e�ect comes from the regressions where access to the

ECB is interacted with the loan-to-deposit ratio. In this case we �nd that

banks generally granted more credit when they received more funding from the

ECB, though this e�ect is o�set for banks with a higher loan-to-deposit ratio.

This means that for the banks more a�ected by the shock, the access to the

ECB was possibly not enough to avoid some contraction in lending.

Summing up, we �nd that the ECB successfully played its role as lender

of last resort. Despite the massive shock in access to funding, this had no

material impact on banks' ability to grant credit to �rms, as they were able to

use ECB funding to continue �nancing the economy. Credit continued to �ow

to �rms, regardless of their size, loan maturity or credit quality. However, for

some banks, we �nd that the larger the amounts they obtained from the ECB,
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Dependent variable: loan_growthij

Below median Above median

∆ECB fundingjT−4 -1.185*** 1.365***
(0.367) (0.228)

Ln(assets)jT−9 6.499* -0.696
(3.262) (0.647)

Loan-to-depjT−9 0.00142 -0.0859***
(0.0325) (0.0203)

Liq ratiojT−9 0.239* -0.717***
(0.132) (0.133)

Solv ratiojT−9 0.406*** 3.704***
(0.122) (1.096)

Constant -168.8* -22.09
(82.74) (18.15)

Banks 15 12
Firms 13,585 20,972
Nº obs 30,700 48,287

Prob>F 0.0000 0.0000

Table 11. Results for the regressions for di�erent samples according to bank
collateral availability to Eurosystem operations

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All variables are de�ned in Table 1. All
regressions include �rm �xed e�ects. The table reports sample splits based on the median
of the empirical distribution of collateral available for Eurosystem operations. The number
of observations is lower than in Tables 2 to 6 because we impose that �rms have at least
two bank relationships within each subsample of banks. Second line values in parentheses
are the robust standard errors clustered at the bank level. * signi�cance at 10 per cent; **
signi�cance at 5 per cent; *** signi�cance at 1 per cent.

the less they lent to �rms. This was the case of the largest banks and the most

capitalized. Taken together, this suggests that banks with stronger positions

channeled ECB funding elsewhere. In the next section we investigate this issue

further.

5.2.3. Further tests. In addition to the results reported in the previous tables,

we extend our analysis in several dimensions.

First, we test whether foreign and domestic banks behaved di�erently

during this period. We could argue that domestic banks were more severely

a�ected by the shock, given the stronger bank-sovereign links. Further, foreign

banks could more easily obtain funding through their parent banks. At the same

time, it is also possible that foreign banks became more reluctant to grant credit

during a period of heightened tensions (Haas and Horen 2013; Ongena et al.

2015). When we run our baseline regression separately for domestic and foreign

banks, we do not �nd any di�erences. For both groups, access to ECB funding

enabled banks to continue lending to �rms.

Second, we consider the possibility that �rms with weaker relationships with

their banks could have been more a�ected by this shock. We de�ne �rms with

strong relationships with a bank as those that concentrate more than 50% of
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their borrowing in that bank. Our main results hold both for �rms with and

without these closer ties with banks.

Finally, all our previous results focus on the intensive margin. This implies

that we are only considering �rms that were borrowing from a bank before

and after the shock. However, the extensive margin may also be important

to analyze the role of the ECB during this period, most notably for �rms

that stopped borrowing from some banks. To explore the extensive margin,

we consider �rm-bank relationships that existed in December 2010, but not

in March 2010 (new relationships) and �rm-bank relationships that existed in

March 2010, but not in December 2010 (terminated relationships). We �nd

no signi�cant e�ect from ECB funding on the likelihood of establishing a

new relationship. However, we �nd some tentative evidence that the banks

more hardly by the shock and that used more ECB funding were more likely

to terminate relationships. However, this result only holds for speci�cations

without �rm �xed e�ects, implying that it might be capturing demand side

factors. For instance, it is possible that �rms may be more likely to terminate

relationships with banks that were more dependent on access to wholesale debt

markets.

Dependent variable: loan_growthij
Interaction term xjT−9:

LTD LiqGap 1M-3M Collateral Solv ratio Assets

∆ECB fundjT−4 ∗ xjT−9 -0.0218** 0.108 0.00907 -0.0779 -0.284
(0.00929) (0.0671) (0.0149) (0.0459) (0.184)

∆ECB fundingjT−4 3.709** 0.336 -0.210 0.837 6.795
(1.678) (0.435) (0.335) (0.512) (4.325)

Ln(assets)jT−9 -1.152 -0.0986 -0.969 -0.475 0.666
(1.223) (1.485) (1.539) (1.775) (2.413)

Loan-to-depjT−9 0.0385 -0.0652** -0.0805* -0.0775** -0.0764**
(0.0596) (0.0313) (0.0414) (0.0349) (0.0306)

Liq ratiojT−9 0.222 0.397** 0.340* 0.327 0.360*
(0.164) (0.158) (0.191) (0.195) (0.184)

Solv ratiojT−9 0.451*** 0.510*** 0.553*** 0.548*** 0.519***
(0.0761) (0.0800) (0.0805) (0.0768) (0.0787)

Constant 2.912 -8.757 15.56 3.623 -24.17
(29.10) (37.16) (37.70) (42.52) (57.47)

Banks 29 29 29 29 29
Firms 68,378 68,378 68,378 68,378 68,378
Nº obs 178,291 178,291 178,291 178,291 178,291

Prob>F 0.0000 0.0000 0.0000 0.0000 0.0000

Table 12. Results for the regressions interacting the recourse to Eurosystem funding
with bank characteristics

Notes: Dependent variable: Log change in loans at the �rm-bank level, including unused
credit lines, between March and December 2010. All variables are de�ned in Table 1. All
regressions include �rm �xed e�ects. In each column we report the results for the estimation
of equation 2 with di�erent interactions between ∆ECB funding and bank characteristics
xjt−9. The bank characteristics interacted in each column are reported in the heading of
the table. Second line values in parentheses are the robust standard errors clustered at the
bank level. * signi�cance at 10 per cent; ** signi�cance at 5 per cent; *** signi�cance at 1
per cent.
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6. What if? A counterfactual approach

To grasp the consequences of what could have been the situation if there had

not been a lender of last resort available to provide support to an entire banking

system hit by a large and unexpected shock, we design a simple counterfactual

scenario. The main idea is to understand what could have happened if there

had not been any alternative source of funding when access to wholesale debt

markets suddenly evaporated in the Spring of 2010.

To do that, we estimate the following panel regression with bank level

data10:

Yjt = c+ αj + β1securitiesjt−3 + β2Xjt + β3trendt + εjt (3)

where Yjt refers to total loans or total assets of bank j in period t and
αj are bank �xed e�ects. The coe�cient β1 represents the impact on these

bank variables from funding via wholesale markets (securitiesjt−3 refers to the

amount outstanding of debt issued by banks in the previous 3 months). Xjt

is a vector of bank characteristics (including liquidity and capital ratios). The

goal of this regression is to explore the structural relationship between funding

through wholesale markets and lending to gauge the magnitude of the shock

and, in a second step, to understand to what extent ECB funding was successful

in substituting market funding. To do that, we �rst estimate this regression in

the pre-shock period (2005-2009). The coe�cient β1 gives us the elasticity of

lending or total assets to funding in wholesale markets. Second, we estimate

a modi�ed version where we consider the sum of funding through securities

and through the ECB, in order to con�rm whether central bank funding was

relevant in the pre-shock period (given that this value was negligible in this

period, we expect the results to be very similar):

Yjt = c+ αj + β1(securitiesjt−3 +ECBjt−3) + β2Xjt + β3trendt + εjt (4)

The next step is to estimate these two equations in the post-shock period

(2010-2011). Given the sudden loss of access to markets, we expect that the

pre-shock relationship between funding in wholesale markets and lending or

total assets breaks down (re�ected in a signi�cant change in β1 in equation 3).

Adding ECB funding to market funding (by estimating equation 4 for the post

shock period) will �nally allow us to con�rm if the lender of last resort role of

the ECB played a part in avoiding a collapse in banks' assets.

As we run the regression in levels, we �rst con�rm that there is a

cointegration relationship between the variables with a time trend. This trend

10. In the appendix we report summary statistics for the variables used in these regressions.
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can be related to common factors for Portuguese banks explaining their

evolution prior to the crisis. In these regressions we consider only the 24 banks

that issued securities at least once prior to 2010 and that were eligible to

participate in Eurosystem operations.

Tables 13 and 14 present our results. Table 13 reports the impact on loans to

�rms (including credit lines) and Table 14 the impact on banks' total assets. In

the �rst two columns of each table we show the results of these estimations

using data until 2009. We see that before the shock there was a positive

and statistically signi�cant relationship between market funding and banks'

loans and assets (column 1). Portuguese banks strongly relied on access to

international debt markets to �nance their activity. For the average bank, half

of the amount �nanced in the wholesale market would be directed to loans

to �rms. Moreover, it contributed to leverage banks' balance sheets, as the

relationship between securities and total assets is larger than one. In column (2),

we estimate the same regressions in the same period, but instead of considering

the relationship between securities issued and banks' assets, we consider the

sum of securities issues and ECB �nancing, which was very small at the time

(equation 4). Given this, the results are virtually unchanged.

Dependent variable: Total loans (including credit lines)j

2005-2009 2010-2011
(1) (2) (3) (4)

securitiesjt−3 0.555*** -0.112**
(0.0422) (0.0413)

(securities + ECB)jt−3 0.480*** -0.110*
(0.0954) (0.0620)

Liq ratiojt−12 -8.811*** -8.250* 4.204 8.631
(3.046) (4.089) (6.120) (8.436)

Solv ratiojt−12 8.179 13.84 48.39 66.11*
(15.42) (21.55) (35.18) (33.98)

trend 19.73** 26.80** -18.46 -7.218
(7.621) (12.12) (15.47) (16.33)

Constant 4,214*** 4,795*** 9,344*** 8,599***
(349) (511) (1,319) (1,315)

Banks 24 18 19 18
Nº obs 1,032 864 436 427

Prob>F 0.0000 0.0000 0.0315 0.1186

Table 13. Results for the panel regression at the bank level for the evolution of
loans (including credit lines) to non-�nancial �rms

Notes: All variables are de�ned in Table 1. The dependent variable is total loans granted
by banks, including unused credit lines. In columns 1 and 3 we report the results for the
estimation of equation (3) in the periods before (2005-2009) and after (2010-2011) the
shock, respectively. In columns 2 and 4 we report the results for the estimation of equation
(4) for the same two periods. All regressions include bank �xed e�ects. Second line values
in parentheses are the robust standard errors. * signi�cance at 10 per cent; ** signi�cance
at 5 per cent; *** signi�cance at 1 per cent.
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Dependent variable: Total assetsj

2005-2009 2010-2011
(1) (2) (3) (4)

securitiesjt−3 1.597*** 0.0539
(0.143) (0.132)

(securities + ECB)jt−3 1.444*** 0.352***
(0.227) (0.0792)

Liq ratiojt−12 -27.54** -27.26 17.67 43.76
(12.94) (18.62) (21.40) (38.06)

Solv ratiojt−12 68.38 85.43 115.1 80.41
(52.21) (70.41) (68.11) (61.62)

trend 88.16** 108.9** 23.61 13.27
(32.83) (44.25) (48.83) (42.54)

Constant 9,992*** 11,052*** 21,615*** 20,829***
(1,148) (1,503) (4,443) (3,903)

Banks 23 18 19 18
Nº obs 1,031 864 436 427

Prob>F 0.0000 0.0000 0.2278 0.0017

Table 14. Results for the panel regression at the bank level for the evolution of
total assets

Notes: All variables are de�ned in Table 1. The dependent variable is banks' total assets.
In columns 1 and 3 we report the results for the estimation of equation (3) in the periods
before (2005-2009) and after (2010-2011) the shock, respectively. In columns 2 and 4 we
report the results for the estimation of equation (4) for the same two periods. All regressions
include bank �xed e�ects. Second line values in parentheses are the robust standard errors.
* signi�cance at 10 per cent; ** signi�cance at 5 per cent; *** signi�cance at 1 per cent.

In columns (3) and (4) we show the same regressions as in columns (1)

and (2), but for the 2010-2011 period11. If our hypothesis is correct, we would

expect the positive relationship between loans or assets and securities to break.

However, this relationship should hold when we include ECB funding if this

is a quasi-perfect substitute for the lost wholesale market funding. The results

are indeed strikingly di�erent from those of the �rst period, con�rming our

hypothesis: the positive correlation between outstanding debt securities and

banks' assets entirely disappears. The coe�cient is not statistically signi�cant

for total assets (Table 14) and is actually negative for loans (Table 13). The

more market debt outstanding banks had, the lower their stock of loans to �rms

during this period. This result is consistent with Dagher and Kazimov (2015),

who �nd that there is a negative relation between wholesale funding and the

supply of credit, but only during the global �nancial crisis.

In the last column we consider the joint e�ect of securities issued and

access to ECB funding in the crisis period, in order to test if access to the

central bank allowed to restore the previous relationship between securities

and loans to �rms. For loans we still obtain a negative coe�cient. Given that

in these regressions we are not controlling for demand e�ects, unlike what we

11. If the estimation is done only for 2010, the results described below are generally
consistent.
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did when using loan level data, it is possible that this result is being a�ected by

a contraction of loan demand in a period of strong adjustment of expectations.

In contrast, when we look at the e�ect on total assets, we �nd a positive

coe�cient, showing that access to the lender of last resort was indeed critical to

avoid a collapse in the banking system. This coe�cient is smaller than those of

columns (1) and (2), suggesting that ECB funding did not perfectly substitute

securities issuance. The results on loans and on total assets suggest that the

replacement of securities funding by ECB funding was likely used for other

purposes than granting loans to �rms.

7. Where did the money go?

This last result, together with other results obtained earlier with the loan-level

regressions, hints at the hypothesis that banks used ECB funding to invest in

assets other than loans to �rms. These results are consistent with the hypothesis

of �nancial repression presented by Becker and Ivashina (2014) and Ongena

et al. (2016). These authors argue that during this period sovereigns in distress

encouraged banks to buy their debt. To test this hypothesis in our setting, we

estimate the following equation:

Sovjt = c+ αj + β1(ECBjt−3) + β2Xjt + β3trendt + εjt (5)

where Sovjt are the holdings of Portuguese sovereign bonds by banks. The

results are shown in Table 15.

The �rst column shows the results for the period 2005-2009 and no

correlation is found between the two variables. However, for the period 2010-

2011 we observe a positive correlation between ECB funding and holdings of

sovereign debt, thus providing support to the �nancial repression hypothesis.

These results are consistent with those of Drechler et al. (2016). Using weekly

data on bank-level ECB borrowing, these authors �nd that euro area banks

used central bank funding to invest in distressed sovereign debt instead of

channeling funds to the real economy.
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Dependent variable: Holdings of domestic sovereign bondsj

2005-2009 2010-2011

ECB fundingjt−3 0.0271 0.204***
(0.0372) (0.0480)

Liq ratiojt−12 -3.403 -6.956
(2.571) (17.09)

Solv ratiojt−12 14.49 -5.547
(15.52) (16.90)

trend 5.651* 0.328
(2.724) (10.44)

Constant -97.42 651.8
(290.2) (887.4)

Banks 16 15
Nº obs 705 331

Prob>F 0.1522 0.0002

Table 15. Results for the panel regression at the bank level for the evolution of
Portuguese sovereign bond holdings

Notes: All variables are de�ned in Table 1. The dependent variable is total Portuguese
government bond holdings. The table reports the results for the estimation of equation (3)
in the periods before (2005-2009) and after (2010-2011) the shock, in columns 1 and 2,
respectively. All regressions include bank �xed e�ects. Second line values in parentheses are
the robust standard errors. * signi�cance at 10 per cent; ** signi�cance at 5 per cent; ***
signi�cance at 1 per cent.

We should recall that the Portuguese government also lost access to markets

in the Spring of 2010. As such, we argue that the increase in sovereign holding

by Portuguese banks during this period was likely more related with �nancial

repression and moral suasion e�ects, as discussed by Becker and Ivashina (2014)

and Ongena et al. (2016), instead of pure risk-shifting incentives, as discussed

in Acharya et al. (2014) and Drechler et al. (2016). Actually, it is possible to

argue that in that moment lending to the sovereign was actually less risky for

banks, given the uncertainty regarding the prospects for an overly indebted

corporate sector. The di�erence in risk weights on these two exposures also

provided incentives for banks to prefer this type of allocation of resources.

Further, the loan level results presented in Table 4 also do not support the

risk-shifting hypothesis.

In sum, we �nd that the positive relationship between securities issued and

banks' loans and total assets observed before 2010 broke after banks lost access

to markets. Unlimited access to the ECB successfully helped banks to substitute

market funding, leaving banks' assets virtually unchanged. However, this new

funding is not directed only to loans to non-�nancial �rms. Banks also used

these funds to buy sovereign bonds, in a period in which the sovereign also

faced di�culties in access to markets. Our results thus suggest that the ECB

played a dual role as lender of last resort during this period: on one hand it

allowed banks to maintain loan �ows to the private sector, avoiding a collapse

in credit markets, while on the other hand it allowed the distressed sovereign to
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re�nance some of its maturing debt. Without this support, the consequences for

the �nancial system and for the economy as a whole could have been dramatic.

8. Concluding remarks

What happens when an entire banking system suddenly loses access to debt

markets? At the very least, a credit crunch might follow. More likely, the entire

economy will be disrupted.

In the recent past, Portuguese banks went through an episode that could

easily �t this description. In the early days of the euro sovereign debt crisis,

when distress in Greece started to assume large-scale proportions, international

investors suddenly became unwilling to provide funding to Portuguese banks,

due to concerns about the sustainability of sovereign debt levels. Despite

the magnitude of this shock, credit �ows during this period were virtually

unchanged. This is even more surprising when we consider that Portuguese

banks were highly dependent on market funding, as their loan-to-deposit ratios

were around 160%.

The answer to this puzzle has one very obvious solution: the ECB monetary

policy framework allowed banks to obtain all the liquidity they needed almost

immediately and without major implications on funding costs.

In this paper we argue that this "perfect storm" scenario is also the perfect

setting to study empirically something that has been absent from the literature:

the role of the lender of last resort. By exploring very detailed bank data, we are

able to document the critical role of the central bank in avoiding the collapse

of the �nancial system and, consequently, of the economy. We show that even

though funding with the central bank increased dramatically over the course of

a few months, credit �ows to �rms remained broadly stable. At the same time,

banks were able to play an important role in the �nancing of the sovereign,

who also lost access to markets in this period. Without the supporting role of

the lender of last resort, a collapse of the banking system would possibly have

been unavoidable.
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Appendix

Variable Unit Obs Mean Std. Dev. P25 Median P75

Loans + lines Million euro 3,629 4,211 8 136 113 723 3,653
Loans Million euro 3,629 3,269 6,128 93 557 3,186
Assets Million euro 3,591 12,505 23,509 758 2,347 7,706

Securities Million euro 3,629 1,685 4,191 0 0 495
ECB funding Million euro 2,891 821 2,278 0 0 310

PT bonds Million euro 2,085 609 1,228 6 82 543
Liq ratio ratio 3,615 25.6 23.8 9 17 37
Solv ratio ratio 3,622 12.1 13.6 9 11 14

Table A.1. Descriptive statistics of the variables used in the analysis at the bank
level
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