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We study the credit supply effects of the unexpected freeze of the European interbank market,
using exhaustive Portuguese loan-level data. We find that banks that rely more on interbank
borrowing before the crisis decrease their credit supply more during the crisis. The credit
supply reduction is stronger for firms that are smaller, with weaker banking relationships.
Small firms cannot compensate the credit crunch with other sources of debt. Furthermore,
the impact of illiquidity on the credit crunch is stronger for less solvent banks. Finally,
we find no overall positive effects of central bank liquidity but instead higher hoarding of
liquidity. (JEL G01, G21, G28, G32)

The developed world has experienced the worst financial crisis since the Great
Depression, which was at its core a banking crisis. The main channel through
which a banking crisis may affect the real economy relates to the ability of the
private sector to access the credit needed to fund investment and consumption.
Hence, a key question at the heart of the current financial crisis is whether
and how the sudden dry-up in bank liquidity impacts the availability of credit.
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A drop in liquidity for some banks may have a direct transmission effect on the
supply of credit for firms if firms are unable to substitute with other sources of
finance, such as loans from other banks, trade credit, or other forms of debt.
Furthermore, this channel could be especially relevant in the context of smaller,
younger (entrepreneurial) firms, which usually find it difficult to access funds
from other sources because they are more opaque and thus mainly rely on
existing banking relationships.

In this paper we study whether and how banks cut back on lending supply
when faced with a negative liquidity shock. What are the margins along which
banks adjust their loan portfolios in response to the crisis; for example, do
we observe credit supply contractions across all types of borrowers, or do
borrowers disproportionally cut back credit for entrepreneurial (smaller) firms?
Could firms substitute funds from alternative sources? In addition, is there a
differential effect across different types of banks depending on their solvency?
How does public provision of liquidity by the central bank affect the evolution
of the shock?

One of the main problems in empirically addressing these questions is the
difficulty of identifying the causal impact of a bank liquidity shock on loan
supply. Liquidity shocks to banks are usually correlated with an underlying
change in the overall economic environment that might adversely affect not
only the supply of credit but also the demand for loans from firms and, in
general, firm risk. Moreover, even if there is a credit supply reduction from an
individual financial institution, it would only translate into credit constraints,
if firms cannot substitute a credit reduction from the more affected banks with
credit from other less affected banks (or even from other sources of credit).

To tackle these identification challenges, we use the initial exogenous and
unexpected shock to the interbank markets in August 2007. The crisis began in
August 2007 in Europe when the interbank market, a crucial source of liquidity
for banks in Europe,1 started experiencing significant tensions—for example,
interbank loan spreads went up significantly—and the European Central Bank
(ECB) had to inject large amounts of liquidity.2 The onset of this liquidity
crisis was an unexpected shock across all European countries and unrelated
to the Portuguese banks, especially as these banks were not investing in U.S.
subprime or in the U.S. dollar market. Furthermore, the bank capital regulation
in Portugal did not encourage setting up off-balance sheet vehicles (Acharya
and Schnabl 2010), and there was no real estate bubble in Portugal.3

1 See, for example, Upper (2006).

2 On the ninth of August 2007, the ECB had to inject a significant amount of liquidity to banks (E95 billion)
because of a dry up in the interbank markets, and on the following week, the ECB injected an additional E150
billion (see, e.g., Financial Stability Review, ECB 2009a; Cecchetti 2008).

3 Portuguese banks were mainly borrowing from other European banks (BIS 2012) and had net inflows of
foreign capital, and therefore, they did not belong to a country with large current account surpluses that
needed “safe assets” notably from the United States, e.g., China or Germany (see Acharya and Schnabl 2010).
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We have complete bank balance sheet data, including the interbank
borrowing of each bank in the system, and thus we can observe which banks
were more affected by the interbank market tensions. We exploit the interbank
liquidity dependence (borrowing) for each bank before the crisis, giving
us significant variation in bank liquidity shocks induced by the unexpected
European interbank crisis. Importantly, bank dependence to interbank funds
before the crisis (2007:Q2) is not correlated with measures of bank profitability,
risk, or capital. Moreover, we use an exhaustive dataset from the Portuguese
central bank that has detailed loan-level data on all corporate loans made by
each bank in Portugal, including all loans made to small- and medium-sized
firms. Finally, we have key balance sheet characteristics for these firms, in
particular, firm size, age, total debt, profitability, and interest coverage ratio.

We use a difference-in-differences approach to compare lending before and
after the crisis among banks with different liquidity shocks (proxied by the
interbank borrowing ratio before the onset of the crisis, specifically in May
2007).4 We control for observed and unobserved firm heterogeneity in loan
demand, quality, and risk, using firm fixed effects.5 That is, for the same firm,
we compare the change in lending by more and less affected banks before
(2007:Q2) and after the crisis (2009:Q2).

We find that a firm that ex ante borrows more from banks with a higher
interbank borrowing ratio in 2007:Q2 experiences, on average, a greater
reduction in credit during the crisis. One could be concerned that this effect is
driven by banks with higher interbank borrowing lending more to firms with
lower loan demand or with higher risk during the crisis. However, even when
we analyze credit change within a borrower, we find that, for the same firm, the
greater decline in credit comes from the bank with a higher ex ante interbank
borrowing ratio. In terms of economic magnitudes, we find that a 10% increase
in borrowing in the interbank markets prior to the crisis leads to a further 4%
reduction in firm credit availability during the crisis.

We then examine the heterogeneous effects across firms. Controlling for
firm fixed effects, we find that the magnitude of credit supply reduction due
to the interbank liquidity exposure is significantly higher economically (and
statistically) for firms that are (1) smaller in size (as measured by both total
assets or number of employees), (2) younger (as measured by the age of
incorporation), and (3) with lower banking relationship (as measured by the
firm-bank credit volume before the crisis). Interestingly, for the large firms,

Moreover, regulation for Portuguese banks made it unattractive to set up off-balance sheet vehicles to arbitrage
capital regulation (see also Acharya and Schnabl 2010; Brunnermeier 2009; Covitz, Liang, and Suarez 2013).
Furthermore, between 1996 and 2006 the accumulated real valuation of housing prices grew only 10% in Portugal
as compared with more than 80% in the United States, Holland, and Greece, 110% in Spain, 140% in the United
Kingdom, and 180% in Ireland (Nota Temática CDG 2011).

4 There is a large body of theoretical literature on the bank lending channel. See, for example, Freixas and Rochet
(2008) and Tirole (2006).

5 See Khwaja and Mian (2008).
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results are no longer statistically significant—in fact, the coefficient drops to
zero. That is, we find a credit supply contraction due to bank liquidity but only
for entrepreneurial (smaller and younger) firms.

We also find that banks with higher interbank borrowing are less likely
to start a new lending relationship with small firms. Therefore, our results
suggest that entrepreneurs’ access to new credit in the banking system (the
extensive margin) is worsened by bank liquidity problems. Moreover, the
likelihood of termination of an existing lending relationship is also higher for
banks with higher interbank borrowing. However, interestingly, we find that
higher strength of an existing lending relationship lowers the effect of higher
interbank borrowing on the likelihood of loan termination. This effect is similar
in magnitude for both small and large firms. These results suggest that banking
relationships mitigate credit supply restrictions across all firm types.

In regard to firm characteristics that proxy for quality and risk, such as
firms’ return on assets and loan interest coverage, we find that banks cut credit
supply across the board with respect to firm profits. However, surprisingly,
we find that banks do not cut (in fact, they support) credit supply to weaker
firms in terms of low loan interest coverage. A possible explanation is loan
evergreening or zombie lending (see Caballero, Hoshi, and Kashyap 2008);
that is, a credit reduction to these firms might increase potential loan defaults,
in turn increasing capital requirements for banks and/or the likelihood of firing
the banks’ top managers.

An important question for public policy is whether and how the public
liquidity coming from central banks, in this case the European Central Bank,
helped in alleviating the credit supply tensions. As the euro area is a bank-
dominated economy, the ECB mainly intervened by providing ample public
liquidity to banks. Our evidence suggests that the negative impact of bank
illiquidity on credit supply is stronger for banks with higher insolvency (higher
nonperforming loans). This suggests that bank fundamentals can amplify the
extent of the initial illiquidity shock through an interaction between bank
solvency and liquidity.6 Consistent with this, we find limited positive overall
effects from central bank liquidity on credit supply. In particular, we find that
banks with higher overall liquidity provision by the central bank increase credit
supply. However, this effect is partially reduced by higher ex ante interbank
borrowing. We also find that banks with higher interbank borrowing do not cut
back on their total assets but increase their ratio of liquid assets. This suggests
that banks with higher liquidity problems use the public liquidity from the
central bank (and the reduction of credit supply) to hoard liquidity.

A crucial question for the impact on firms is whether firms can compensate
a reduction of credit supply from one (affected) bank by accessing funds from
other less affected banks or in general from other sources of finance as trade

6 See Rochet and Vives (2004) for models showing interactions between bank solvency and illiquidity.
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credit or other forms of debt. If firms could substitute credit easily, they would
not be affected by the credit supply reduction from some of the affected banks,
and hence, the overall effects of the crisis would be significantly small. We
find that, on average, firms are not able to perfectly substitute credit supply
reductions, neither with higher credit from less affected banks nor with other
sources of debt. Hence, the credit supply reduction in the crisis was binding for
entrepreneurial firms.

Our contribution to the literature is to identify a causal link from a negative
shock to bank liquidity (interbank crunch) to a credit supply reduction for firms.
We find that the effects are strong and binding only for small (entrepreneurial)
firms. Furthermore, the impact of bank illiquidity on credit supply varies by
bank solvency. Consistent with this finding, we do not find overall positive
effects of central bank liquidity for these banks but higher hoarding of liquidity.

The remainder of this paper proceeds as follows. Section 1 discusses the
related literature. Section 2 presents the datasets and the empirical strategy.
Section 3 presents and discusses the results. Section 4 concludes.

1. Related Literature

Our results contribute to several strands of literature. Specifically, our results
add to the literature that examines whether bank liquidity shocks are transmitted
to their customers through a change in lending (see Paravisini 2008; Khwaja
and Mian 2008; Schnabl 2012).7 These papers also use credit register data and
firm fixed effects to identify credit supply changes, but, as these papers do not
use firm level-balance sheet variables (notably size and total debt), they do not
analyze the impact of the credit crunch to entrepreneurial firms and whether
or not the credit shock is binding. In addition, our paper also examines the
interactions between bank solvency and illiquidity on the credit crunch to firms
and the role of the central bank in reducing the credit tensions.

Our paper is also related to the strands of literature that study in general
the costs of banking crises (Bernanke 1983; Bernanke and Lown 1991; Peek
and Rosengreen 2000; Ongena, Smith, and Michalsen 2003; Calomiris and
Mason 2003; Gan 2007; Dell’Ariccia, Detragiache, and Rajan 2008; Iyer and
Peydró 2011). In particular, our paper directly complements other papers that
empirically examine the costs of the 2007–2009 crisis, in particular, Ivashina
and Scharfstein (2010) analyze large U.S. firms, and Puri, Rocholl, and Steffen
(2011) analyze German households.

Our paper also contributes to the literature that examines the liquidity
hoarding by banks and disruptions in the interbank market during the crisis. On
the empirical front, Ashcraft, McAndrews, and Skeie (2011) present empirical
evidence on precautionary hoarding and reluctance of banks to lend, coupled

7 For the impact of monetary policy on credit supply, see Kashyap and Stein (2000) and Jiménez et al. (2012,
forthcoming).
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with extreme rate volatility in the U.S. fed funds market during the 2007–2009
crisis.Acharya and Merrouche (2012) find evidence that suggests precautionary
hoarding of liquidity to be a prime driver of liquidity demand by large settlement
banks in the United Kingdom during the crisis. On the theoretical front,
Diamond and Rajan (2011) and Holmstrom and Tirole (2011) show that there
can be a credit crunch due to liquidity hoarding by banks, and central bank
liquidity assistance may therefore not increase credit supply to firms. Acharya
and Skeie (2011) show that banks hoard liquidity and decrease term lending
during the crisis, which in the extreme can lead to a complete breakdown of the
interbank market. More broadly, our paper also contributes to the theoretical
literature that shows firms hoard liquid assets and reduce risk sharing during a
crisis (Caballero and Krishnamurthy 2008).

2. Data and Empirical Strategy

We analyze the impact of the interbank liquidity crisis of 2007–2009 on the
supply of credit for nonfinancial firms. As explained previously, the main
identification problems are as follows: A bank liquidity shock can be generally
correlated at the bank level with borrower characteristics, such as firm risk,
net worth, and loan demand. In particular, the interbank borrowing ratio is an
endogenous choice, which may reflect underlying investment opportunities of
the bank. Moreover, the key related identification problem is that credit may
be reduced in a crisis not only due to credit supply restrictions but also changes
in firm loan demand, net worth, and risk. Finally, even if an affected bank is
restricting credit, the firm, especially if large, could obtain credit through other
less affected banks or even substitute with other sources of credit.

For identification, therefore, we exploit the shock in the interbank markets
at the start of the crisis and use comprehensive loan-level data to isolate the
credit supply channel.

We exploit the bank liquidity shock induced by the unexpected severe
problems in the interbank market that started on August 9, 2007. Interbank
spreads immediately increased. In addition, interbank market credit volume
went down in Europe, especially cross-border. Moreover, regulation for
Portuguese banks made it unattractive to set up off-balance sheet vehicles
funded by asset-backed commercial paper (ABCP) (see Acharya and Schnabl
2010). Hence, the freeze in the ABCP market did not have a direct effect on
Portuguese banks. Furthermore, Portugal did not witness a huge real estate
boom. The real valuation of housing prices grew only 10% in Portugal over the
years 1996–2006. Thus, it seems unlikely that a run on the housing market had
a huge impact on the solvency of Portuguese banks.

Given all these developments in the European interbank markets, we measure
the susceptibility to the shock by using the interbank borrowing ratio of each
bank before the onset of the crisis, in particular, in May 2007. We also use in
some regressions the part of interbank borrowing coming from abroad and the
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part of borrowings from other banks in Portugal, because, as argued above,
the general dry-up of international interbank markets was not contained to
Portugal.8

We, moreover, use the entire lending to nonfinancial firms in Portugal from
2007:Q2 to 2009:Q2.9 We have access to the records on all granted loans,
which are recorded by the Bank of Portugal, the regulator and supervisor of the
banking system in Portugal. For these purposes, we employ the information
in the credit register (Central Credit Register, CRC in Portuguese), which
contains confidential and very detailed information, at the loan level, on all
commercial and industrial (C&I) loans granted to nonfinancial publicly limited
and limited liability companies by all banks operating in Portugal. The dataset
is comprehensive, as the reporting threshold for a loan is only 50 euros. Given
that we consider only business loans, this threshold alleviates any concerns
about unobserved changes in bank credit to small entrepreneurial firms, which
is key to analyze the credit supply restrictions to entrepreneurs.10

We match the credit register data compiled at a quarter frequency with (1)
complete bank balance sheet variables, with monthly frequency, in particular,
bank size, profits, liquidity, nonperforming loans, capital, and interbank
borrowing,11 and (2) some firm balance-sheet variables to which we have
access (Banco de Portugal Central Balance-Sheet Database), in particular, firm
identity, industry, location, juridical nature, total assets, number of employees,
age of incorporation, profits, interest expenses, and total debt, with yearly
frequency.

We aggregate the different loans between a firm-bank pair in 2007:02 and
also in 2009:Q2. Hence, we have a measure of total (committed) credit exposure
between each firm-bank pair before and after the onset of the crisis.12 Our main
loan variable is the change in the (log) level of all the loans for each firm-bank
pair between 2009:Q2 and 2007:Q2.

The empirical strategy we use is the following.13 We use a difference-
in-differences approach to compare lending before (2007:Q2) and after the
crisis (2009:Q2) among banks with different levels of interbank borrowing as

8 Because the aggregate rate of savings in Portugal is very low, banks have to finance significantly abroad. This, in
turn, created vulnerability for Portuguese banks to dry up of liquidity in international markets. This dependence
was therefore unrelated to the dollar shortage or to investments in U.S. subprime. See the BIS dataset on the
specific dependence of Portuguese banks (see www.bis.org/statistics/about_banking_stats.htm).

9 For robustness, we also use other time windows (unreported results).

10 Incomplete coverage of the widely used U.S. (National) Survey of Small Business Finances or the Loan Pricing
Corporation may complicate any analysis of bank credit provision, especially for entrepreneurial finance. Note
that even some credit registers, for example, the one in Germany, operated by the Bundesbank, only have loans
over one million euros.

11 For a few banks, we do not have data on some of these variables.

12 Part of the committed loans in 2007:02 may be withdrawn later by the firm, for example, by drawing down on a
line of credit. In fact, the growth of withdrawn (used) credit during the crisis was significantly reduced but did
not turn negative until 2010.

13 See Khwaja and Mian (2008).
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of 2007:Q2 (before the crisis). To account for unobserved heterogeneity in
firm loan demand, quality, and risk, we saturate the specification with firm
fixed effects. Our identification, therefore, entirely comes from firms that were
borrowing from two different banks before the crisis. In this way, we can isolate
the causal impact of the interbank liquidity crunch on the change in credit supply
by comparing the change in lending for the same firm from banks with higher
vis-à-vis lower interbank liquidity borrowing before the crisis.

To put it differently, we examine the same firm that is borrowing from two
different banks and examine whether the firm experiences a higher drop in credit
from the bank with a higher fraction of borrowing from the interbank market
before the onset of the crisis. Thus, we have firm fixed effects, and we examine
the magnitude of change in credit between 2009:Q2 and 2007:Q2 based on
the interbank borrowing levels of the lending banks before the onset of the
crisis.14 Hence, if we find different, significant results, they will be the result of
interbank shocks affecting banks’ loan supply, and not because heterogeneity
in firm loan demand and risk is driving the results.

Once we test whether there is a credit supply reduction, we want to understand
whether all banks with ex ante interbank borrowing cut lending similarly or
whether the illiquidity (and therefore the reduction in credit supply) was higher
for the less solvent ones. In addition, we want to analyze the effects of central
bank lending and the rebalancing of the portfolio of the banks between loans
and liquid assets.

Moreover, we want to understand whether banks cut credit supply across the
board or whether the credit supply restrictions were stronger for some type of
firms, for example, entrepreneurial firms. That is, controlling for observed and
unobserved heterogeneity in firm risk, quality, and demand (firm fixed effects),
we analyze whether the impact of the negative bank liquidity shock on credit
is related to firm characteristics.

Finally, even if we identify a credit supply reduction from affected banks,
we then analyze whether firms can substitute and obtain more credit from other
less affected banks or even through other sources of credit, such as trade credit
and market debt. If that was the case, the credit supply reduction would not be
binding, and the costs of the banking crisis would be small.

Summarizing our empirical strategy, the baseline regression at the loan level
is the following:

logCreditbi =αi +Interbank Borrowingb,2007:Q2 +δControlsbi +εbi, (1)

where the dependent variable logCreditbi is the change in (log) granted
credit from bank b to firm i between 2009:Q2 and 2007:Q2; the main
independent variable Interbank Borrowingb, 2007:Q2 is the interbank borrowing
ratio as of 2007:Q2; αi is the firm fixed effects (a dummy for each firm); and

14 See Bertrand, Duflo, and Mullainathan (2004) and Khwaja and Mian (2008).
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Controlsbi are the main controls, which are bank characteristics, such as bank
size, liquidity ratio, nonperforming loan ratio, capital ratio, and return on asset
ratio. We also analyze interactions of InterbankBorrowingb,2007:Q2 with bank
variables (e.g., NPL ratio, capital ratio, and central bank borrowing) and firm
variables (e.g., firm size in terms of log total assets or number of employees,
age, ROA, firm loan coverage ratio, and bank-firm previous credit volume).
Finally, we analyze a similar regression at the firm level, where the dependent
variables are either the change in (log) total bank credit between 2009:Q2 and
2007:Q2 from all the banks to firm i or the change in (log) total debt between
2009:Q2 and 2007:Q2 from all the sources of debt from firm i and the main
independent variable is for firm i the weighted (by the credit granted by each
bank b to the firm i as of 2007:Q2) average of Interbank Borrowingi,2007:Q2.

3. Empirical Results

We first examine bank credit growth experienced by Portuguese nonfinancial
firms in the period before and after the crisis. As it can be clearly seen from
Figure 1, we find a significant decline in credit growth in the crisis period.
Whereas the figure suggests that credit growth was significantly affected by
the crisis, this figure also includes drawdown of committed lines of credit by
firms. This could potentially explain the increase in credit growth reported in the
period immediately after August 2007 and why credit growth was still positive
in 2009, which could be driven by firms drawing on their lines of credit (see
also Ivashina and Scharfstein 2010). Another factor that could explain the data
is that during a financial distress, firms cannot access market finance, thereby
increasing their demand for bank loans (see Bernanke, Gertler, and Gilchrist
1996).

Whereas Figure 1 shows a decline in credit growth, when looking at it in
conjunction with the figure of interbank borrowing by banks from interbank
markets (Figure 2), we find that both these figures look similar, though it is
interesting to notice that interbank borrowing decreases sooner than firm credit
growth. That is, there seems to be a decline in the interbank borrowing and a
posterior decline in the credit to firms. This suggests that, potentially, the dry
up in access to liquidity in the interbank markets could be an important factor
affecting the credit growth of firms.15 However, to clearly understand whether
a dry up in interbank market liquidity was an important cause of the decline in
the credit supply for firms, one needs to be able to disentangle the loan demand
effects by firms. That is, the drop in credit growth could be primarily due to
firms demanding fewer funds from banks once the crisis hits, given the grim

15 As said in the previous sections, the cost of interbank finance immediately went up in the crisis and has stayed
high since then. Therefore, interbank borrowing became more costly, and hence, there was a negative shock to
bank liquidity.
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Growth in total credit volume for nonfinancial firms
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Figure 2
Interbank borrowing (as a fraction of total assets)

economic outlook, and also to banks lending less to firms because the latter
ones could be riskier.

Table 1 presents the summary statistics of the data. For each firm in
the sample, we find that on average they have three banking relationships
outstanding before the crisis (the banking relationships are defined as of May
2007 for firms with outstanding loans). Examining the number of firm-bank
pairs, we have a total of 293,896 pairs. As stated earlier, we define a pair based
on the firm borrowing from a bank as of 2007:Q2. Thus, if firm A borrows
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Table 1
Summary statistics

Mean Median SD

No. of banking relationships 3.19 2 2.55
Change in credit −0.16 −0.02 1.20
Interbank borrowing 0.25 0.05 0.31
Foreign interbank borrowing 0.27 0.18 0.26
Domestic interbank borrowing 0.12 0.006 0.13
Bank size 19.90 19.54 1.95
Bank liquid assets 0.29 0.31 0.22
Bank return on assets (ROA) 0.005 0.004 0.005
Bank non-performing loans (NPL) 0.009 0.004 0.02
Bank capital 0.11 0.09 0.10
Firm size 13.11 12.97 1.64
Firm employees 1.918 1.791 1.20
Firm age 2.470 2.484 0.77

No. of banking relationships is the number of different banks that lend to a firm as of 2007:Q2, conditioned on
whether the firm has at least one outstanding bank loan. Change in credit is the change in the (log) level of all
the loans for each firm-bank pair between 2009:Q2 and 2007:Q2, where the initial interbank shock was August
2007. Interbank borrowing is the ratio of total interbank borrowing in 2007:Q2 for a bank; Foreign interbank
borrowing is the part obtained abroad; and Domestic interbank borrowing is the part obtained from other banks
in Portugal. Size is the log of total assets of the bank. Liquid assets are the ratio of cash to total assets of the
bank. Return on assets is the profits of the bank divided by its total assets. Nonperforming loans is the fraction
of loans that are in default as a fraction of total assets of the bank. Capital is the total bank capital as a fraction
of total assets. Bank variables are as of 2007:Q2. Firm size is the log of total assets of the firm. Firm age is the
age of the firm measured using the date of the firm’s incorporation (ln(1+age)). Employees is the log of number
of employees of a firm. Firm-level variables are measured as of December 2006.

from banks B and C in 2007:Q2, we would record two observations: one pair
would be firm A with bank B, and the other pair would be firm A with bank
C. Examining the credit growth experienced by each firm-bank pair, we find
that on average there was a 16% lower credit growth between the period of
2009:Q2 and 2007:Q2. We also find that when we limit the pairs to firms that
have at least two banking relationships, we find a total of 220,406 pairs as the
large majority of firms in Portugal borrow from more than one bank, which is
key for our empirical strategy as discussed in the previous section.

At the bank level, we select the 84 largest banks in the sample, which
constitutes around 90% of the total lending in the Portuguese banking system.16

We find that, on average, the fraction of borrowing as a percentage of total
assets from the interbank market is 25%; further decomposing the interbank
borrowing based on borrowing from domestic banks and borrowing from
foreign banks, we find that the percentage of borrowing from foreign banks
is 27% (from only 34 banks) and from domestic banks is 12%. The fact that
banks substantially rely on foreign interbank borrowing is important as this
source immediately dried up with the onset of the crisis (for the reduction
of cross-border interbank finance, see Financial Integration Report, ECB
2009b).17

16 Some balance sheet variables are missing for some banks.

17 See also www.bis.org/statistics/about_banking_stats.htm.
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In terms of bank asset size, we find that the average log of size of the bank in
the sample is 19.90. The fraction of liquid assets held by banks before the crisis
is on average 29%. We also find that the return on operating assets (ROA),
nonperforming loan ratio (NPL), and capital ratio of banks are 0.5%, 0.9%,
and 11%, respectively.

3.1 The effect of interbank borrowing dependence on credit
supply for firms

We first examine the effect of the interbank market shock on credit availability.
In Table 2, Column 1, we examine whether banks with a higher fraction of
interbank borrowing cut back more on credit to firms between 2007:Q2 and
2009:Q2. The dependent variable is the change in (log) total committed lending
for each firm-bank pair. As results in Column 1 show, using the entire lending
to firms, we find that there is a significant drop in credit if the lending bank
has a higher fraction of borrowing from the interbank market. Note that we
measure the interbank borrowing in the quarter before the start of the crisis,
and the standard errors are clustered at the bank level.

In Column 2 and in general for the rest of the paper, as argued in the empirical
strategy section, we restrict the sample to firms that were borrowing at least
from two different banks in 2007:Q2. The coefficient of interbank borrowing

Table 2
Credit supply reduction and total interbank borrowing

Change in the log level of firm-bank total credit volume between 2009:Q2 and 2007:Q2

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

Interbank borrowing −0.558∗∗∗ −0.556∗∗∗ −0.329∗∗∗ −0.623∗∗∗ −0.371∗∗∗ −0.554∗∗∗
(0.118) (0.123) (0.100) (0.122) (0.112) (0.129)

Bank size 0.065∗∗∗ 0.070∗∗∗ 0.087
(0.019) (0.019) (0.024)

Bank liquid assets 0.284 0.337 0.320
(0.291) (0.345) (0.437)

Bank return on assets 11.087 11.252 0.643
(7.142) (8.967) (9.553)

Bank nonperforming assets 3.181∗∗ 3.678∗∗∗ 3.983∗∗∗
(1.347) (1.267) (1.346)

Bank capital −0.472 −0.542 −0.859
(0.857) (0.948) (1.207)

Total firm-bank credit 2007:Q2 −0.207∗∗∗
(0.017)

Adj. R2 0.012 0.020 0.020 0.086 0.095 0.156
No. of banking relationships >1 no yes yes yes yes yes
Firm fixed effects no no no yes yes yes
Number of obs. 293,896 220,406 220,406 220,406 220,364 220,364

This table presents results of OLS regressions, where the dependent variable is the change in the (log) level of
committed credit volume for each firm-bank pair between 2009:Q2 and 2007:Q2, where the initial interbank
shock was August 2007. Interbank borrowing is the ratio of interbank borrowing to total assets in 2007:Q2 for a
bank. Size is the log of total assets of the bank. Liquid assets is the ratio of short-term to total assets of the bank.
Return on assets is the profits of the bank divided by its total assets. Nonperforming loans is the fraction of loans
that are in default as a fraction of total assets of the bank. Capital is the total bank capital as a fraction of total
assets. Total firm-bank credit is the log of committed credit outstanding between a firm and a bank as of 2007:Q2.
Bank variables are as of 2007:Q2. Standard errors, reported in parentheses, are clustered at the bank level and
are heteroscedasticity consistent. ***, **, and * indicate significance levels at 1%, 5%, and 10%, respectively.
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is almost identical to Column 1, which suggests that selecting on firms with
multiple lending is not changing the credit channel impact. In Column 3,
we include controls for the bank characteristics before the crisis in addition
to the level of interbank borrowing, finding that interbank borrowing is still
statistically significant at 1%, but the coefficient significantly drops from −0.55
to −0.32.

In Columns 1, 2 and 3, we find that the magnitude of reduction in credit is
related to the level of interbank borrowing for a firm-bank pair, but one could
be concerned that some firms with a lesser demand for credit or with higher risk
were borrowing more from banks with higher level of interbank borrowing. If
this was the case, the reduction in credit rather than a supply-side reduction
by banks would be then driven by lower credit demand volume and/or quality;
that is, those firms would match with banks with higher level of interbank
borrowing. To address the previous concern, we include firm fixed effects to
control both for heterogeneity in observable and unobservable characteristics.
In effect, we examine whether, for two banks lending to the same firm in
2007:Q2, there is a higher reduction in credit from the banks with a higher
level of interbank borrowing. Hence, we are able to hold the observed—but
also the unobserved—loan demand, quality, and risk of the firm constant, and
therefore, we are able to isolate the loan supply effect.

As the results in Column 4 show, we find very similar magnitudes to those
reported in Columns 1 and 2. In Column 5, we include bank controls and again
find similar results to those reported in Column 3. Despite the coefficients
being similar, once we include firm fixed effects, the absolute value of the
coefficients increase marginally, and hence accounting for the loan demand
channel quantitatively strengthens the credit supply channel, but economically
the change is very small. Thus, the firm-bank matching does not seem very
relevant in this context.18

All in all, we find that the dependence to interbank funds reduces the credit
supply. In terms of economic magnitudes, we find that a 10% increase in
interbank borrowing of the lending bank results in a 3.7% reduction in credit
availability for the firm.

In Column 5, we also find that banks that are larger in size are less likely to cut
credit, thus suggesting that larger banks may have access to alternative sources
of liquidity to meet their funding needs. We also find that banks with higher
nonperforming loans are less likely to cut back on credit. This is surprising as
one would expect banks with higher nonperforming loans to cut back more as
their capital constraints are more binding. However, it could be possible that
these banks are also more likely to engage in loan evergreening.19 Finally, in
Column 6, we control for the credit between the firm and the bank in 2007:Q2

18 This implies that the coefficient of the firm-level regression also shows the impact of credit supply restrictions
(see Jiménez et al. 2012).

19 See also Albertazzi and Marchetti (2011).
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Table 3
Credit supply reduction across different firms and total interbank borrowing

Change in the log level of firm-bank total credit volume between 2009:Q2 and 2007:Q2

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

Interbank borrowing −1.521∗∗∗ −0.563∗∗∗ −0.499∗∗∗ −0.365∗∗∗ −0.365∗∗∗ −0.435∗∗∗
(0.452) (0.146) (0.124) (0.119) (0.117) (0.110)

Firm size * Interbank borr 0.083∗∗
(0.034)

Firm age * Interbank borr 0.080∗∗
(0.038)

Firm employees * Interbank borr 0.056
(0.037)

Firm int coverage * Interbank borr −0.075∗∗∗
(0.011)

Firm ROA * Interbank borr −0.140
(0.118)

Firm-bank credit * Interbank borr 0.088∗∗∗
(0.019)

Adj. R2 0.095 0.095 0.095 0.095 0.095 0.095
Firm fixed effects yes yes yes yes yes yes
Number of obs 154,434 154,434 154,434 154,434 154,434 154,434

This table presents results of OLS regressions, where the dependent variable is the change in the (log) level of
committed credit volume for each firm-bank pair between 2009:Q2 and 2007:Q2, where the initial interbank
shock was August 2007. Interbank borrowing is the ratio of interbank borrowing to total assets in 2007:Q2 for a
bank. Firm size is the log of total assets of the firm. Firm age is the age of the firm measured using the date of the
firm’s incorporation (ln(1+age)). Employees is the log of number of employees of a firm. Firm interest coverage
is defined as firm gross profit divided by interest expense on loans. Firm ROA is the profits of the firm divided
by its total assets. Firm-bank credit is the log of credit outstanding between a firm and a bank as of 2007:Q2.
The sample is restricted in all regression to firms that have at least two banking relationships. Regressions
include controls for bank characteristics (unreported), and in Column 6, we also include the bank-firm credit
as of 2007:Q2 as an independent variable. Firm-level variables are measured as of December 2006. Standard
errors, reported in parentheses, are clustered at the bank level and are heteroscedasticity consistent. ***, **, and
* indicate significance levels at 1%, 5%, and 10%, respectively.

and find similar results. All in all, the results suggest that the negative liquidity
shock induced a credit supply reduction to businesses.20

3.2 Do banks reduce credit supply to some firms more than others?
We have seen that, on average, there is a credit supply reduction. In Table 3
we study whether the credit supply reduction is stronger for some firm
types. As we still want to control for the level impact of firm risk and loan
demand, we still use firm fixed effects and introduce interaction effects between
interbank borrowing and some firm characteristics. In particular, we examine
the interaction effects related to firm size (as measured by total assets and
number of employees), firm age (as measured by the age of incorporation of
the firm), firm riskiness/weaknesses (as measured by the loan interest coverage),
firm profitability (as measured by the return on assets), and relationship banking
(as measured by the credit volume of the bank to the firm before the onset of
the crisis).

20 Although we examine changes in credit for the same firm by different banks based on their level of interbank
exposure, one could still be concerned about omitted variables driving the average effect. The differential effect
in credit reduction across different types of firms (small versus large) provides better identification.
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We find that the magnitude of the credit supply reduction due to the interbank
liquidity shock is significantly higher economically and statistically for firms
that are smaller in size (Column 1), younger (Column 2), or with a lower
relationship with the bank (Column 6). We also find that firms with a lower
number of employees face a higher reduction in credit supply (significant at
11%). That is, we find a credit supply contraction due to bank illiquidity, and
the contraction effects are significantly stronger for entrepreneurial (smaller
and younger) firms and also for firms with weaker banking relationships.

On firm characteristics that proxy for quality and risk, such as firm return
on assets and loan interest coverage, we find that banks cut credit supply
across the board with respect to firm profits (Column 5). However, surprisingly,
banks were supporting weaker firms (firms with low loan interest coverage).
A possible explanation could be that banks support weaker firms to reduce
potential loan defaults, which could imply increases of capital requirements for
banks, that is, banks may evergreen loans (see Caballero, Hoshi, and Kashyap
2008).

3.3 Is there a credit supply contraction for large firms?
The results from Tables 2 and 3 suggest that the liquidity dry-up in the interbank
market had a significant effect on credit supply and that the impact is stronger
for smaller firms. The next question that arises is whether the reduction in loan
supply is only for small firms or also for large firms. To examine this question,
we estimate the regression in Table 2, Column 5 (our benchmark specification),
and introduce a new variable based on firm size, either measured by total assets
or by number of employees (Table 4). Note that in all reported regressions we
limit ourselves to firms that have at least two banking relationships and we
control for firm fixed effects.

In Table 4, Column 1, we estimate the reduction in credit supply of ex ante
interbank borrowing depending on the firm total assets lower or higher than the
threshold of one million euros as of December 2006. We create two separate
dummies: one dummy for firms with assets lower than the specified threshold
and one dummy for firms with assets higher than the specified threshold. We
then interact the dummies with interbank borrowing level. In Columns 2 and 3,
we use higher thresholds for total assets. In Columns 4 to 6, we create dummies
based on number of firm employees.

As results show, in Column 1, we find that the effect of interbank borrowing
on credit growth is statistically significant for firms with total assets lower than
one million. We also find that the magnitude of the effect is much higher for
smaller firms (−0.50 vs.−0.21 for firms with assets higher than one million).An
F-test of the difference in coefficients is significant at the 10% level. In Column
2 and 3, we re-examine the effect based on the thresholds of ten million euros
and 100 million euros (as of December 2006), respectively, finding similar
results. Interestingly, we find that coefficient on the dummy for firms higher
than the threshold is progressively smaller as we increase asset size. That is,
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Table 4
Credit supply reduction, interbank borrowing, and firm size (total assets and number of employees)

Change in the log level of firm-bank total credit volume between 2009:Q2 and 2007:Q2

Dummy cutoff for Dummy cutoff for
firm total assets no. of firm employees

1,000,000 10,000,000 100,000,000 50 100 250
(1) (2) (3) (4) (5) (6)

Interbank borr * dummy less −0.508∗∗∗ −0.406∗∗∗ −0.381∗∗∗ −0.415∗∗∗ −0.399∗∗∗ −0.392∗∗∗
than size/no of employees (0.120) (0.116) (0.118) (0.116) (0.117) (0.119)

Interbank borr * dummy more −0.213 −0.048 0.140 −0.164 −0.144 0.001
than size/no. of employees (0.138) (0.219) (0.480) (0.187) (0.215) (0.293)

Bank size 0.076∗∗∗ 0.076∗∗∗ 0.076∗∗∗ 0.077∗∗∗ 0.077∗∗∗ 0.077∗∗∗
(0.020) (0.020) (0.020) (0.020) (0.020) (0.020)

Bank liquid assets 0.361 0.379 0.390 0.370 0.373 0.374
(0.377) (0.378) (0.380) (0.379) (0.381) (0.382)

Bank return on assets 11.970 12.173 12.341 12.484 12.475 12.464
(9.621) (9.597) (9.604) (9.467) (9.636) (9.646)

Bank nonperforming assets 3.844∗∗∗ 3.997∗∗∗ 4.101∗∗∗ 4.086∗∗∗ 4.140∗∗∗ 4.174∗∗∗
(1.238) (1.290) (1.331) (1.304) (1.324) (1.337)

Bank capital −0.545 −0.622 −0.657 −0.658 −0.675 −0.684
(1.035) (1.035) (1.031) (1.041) (1.040) (1.039)

Adj. R2 0.110 0.110 0.110 0.105 0.105 0.104
Firm fixed effects yes yes yes yes yes yes
Number of Obs. 194,862 194,862 194,862 187,205 187,205 187,205

This table presents results of OLS regressions, where the dependent variable is the change in the (log) level
of committed credit volume for each firm-bank pair between 2009:Q2 and 2007:Q2. We use different firm size
thresholds measured as of December 2006 to create dummy variables. For example, in Column 1, we have two
dummy variables that we interact with interbank borrowing: the first one is a dummy for firms with total assets
less than one million euros, and the second is a dummy for firms with total assets more than one million euros.
Columns 1 to 3 use thresholds based on total assets of the firm. Columns 4 to 6 use thresholds based on the
number of firm employees as of December 2006. Interbank borrowing is the ratio of interbank borrowing in
2007:Q2 for a bank. Size is the log of total assets of the bank. Liquid assets is the ratio of short-term to total
assets of the bank. Return on assets is the profits of the bank divided by its total assets. Nonperforming loans is
the fraction of loans that are in default as a fraction of total assets of the bank. Capital is the total bank capital
as a fraction of total assets. All the bank variables are as of 2007:Q2. The sample is restricted in all regression to
firms that have at least two banking relationships. Standard errors, reported in parentheses, are clustered at the
bank level and are heteroscedasticity consistent. ***, **, and * indicate significance levels at 1%, 5%, and 10%,
respectively.

firms of larger size do not experience a reduction in credit supply even if their
bank has a high level of interbank borrowing before the crisis. This result is
even clearer in Column 3 when looking at the dummy for firms with assets
greater than 100 million euros as of December 2006. The coefficient is not
statistically significant and, in fact, becomes positive.

As results show, we find that the effect of interbank borrowing of banks
on credit supply is only significant for smaller firms. Note that this effect is
not driven by the ability of large firms to substitute credit from other banks
as we are looking at the change in credit within firm-bank pair. This suggests
that banks experiencing a negative liquidity shock are more likely to reduce
credit for firms that are smaller in size. Possible explanations could be that
the continuation value of the relationship with a large firm is more valuable to
the bank.

In Columns 4 to 6, we re-examine the effect on small versus large firms,
but now we use thresholds based on the number of employees in a firm as
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of December 2006. In Column 4, we use the threshold of 50 employees. In
Columns 5 and 6, we use thresholds of 100 and 250 employees, respectively.
We find once again that the coefficient on the interaction term is only significant
for firms with less than 50 employees (Column 4). We also find that the F-test
of the difference in coefficients is significant (at 10% level). We find similar
results when we use the threshold of 100 employees (Column 5). The results are
more striking when we compare firms with more than 250 employees against
firms with less than 250 employees (Column 6). The coefficient on the dummy
for firms with higher than 250 employees is 0.001.21

The results above suggest that firms that borrowed more from banks with
a higher interbank borrowing ratio before the crisis face a greater reduction
in credit supply, but this reduction primarily affects smaller (entrepreneurial)
firms. An important question that arises is whether smaller firms also faced
difficulties in establishing new lending relationships. In addition, it is also
important to understand whether existing lending relationships of smaller firms
were more likely to be terminated.

In Table 5, Columns 1 to 3, we first examine the likelihood of firms
establishing a new lending relationship. We define a new lending relationship as
a dummy that takes the value of one if a firm has a loan from a bank that it had no
lending relationship as of 2007 and is zero otherwise. As in earlier regressions,
we create dummies for firms with assets lower than the specified threshold
and one dummy for firms with assets higher than the specified threshold. We
then interact the dummies with interbank borrowing level. From Columns 2
and 3, we see that the likelihood of establishing a new lending relationship is
significantly lower for smaller firms. The F-test of the difference in coefficients
between small and large firms is significant at the 10% level. These results
suggest that entrepreneurs’ access to new credit in the banking system (the
extensive margin of new lending relationships) is worsened by bank liquidity
problems.

In Columns 4 to 6, Table 5, we examine the likelihood of termination of an
existing loan. As can be seen, we do not find any significant difference in the
likelihood of termination of loans across small and large firms.22 In Table 6,
Columns 1 to 3, we examine whether strength of an existing credit relationship
has an effect on the likelihood of termination. We proxy the strength of an
existing credit relationship by the amount of credit outstanding between a firm-
bank pair as of 2007. We also include firm fixed effects in the regressions.
Thus, the variable, Strength of the banking relationship, captures the fraction
of borrowing from a bank as a fraction of the total firm borrowing.As compared
with the Table 5, we now find that a firm borrowing from banks with higher level
of interbank borrowing experiences a higher likelihood of loan termination.

21 Two hundred and fifty employees is the standard definition of small and medium enterprises, according to the
European Commission’s Recommendation 2003/361/EC.

22 We find similar results if we use the other thresholds reported in Table 4.
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Table 5
The extensive margin, interbank borrowing, and firm size

New lending Termination of existing lending
relationships relationship

Size No. of Size No. of
employees Employees

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

Interbank borrowing −0.008 0.083
(0.005) (0.057)

Interbank borr * dummy less −0.009∗ −0.008∗ 0.066 0.068
than size/no. of employees (0.005) (0.005) (0.060) (0.061)

Interbank Borr * dummy more 0.003 −0.0004 0.085 0.081
than size/no. of employees (0.009) (0.008) (0.056) (0.058)

Bank size 0.001 0.001 0.001 −0.028∗∗∗ −0.030∗∗∗ −0.031∗∗∗
(0.0008) (0.0008) (0.0008) (0.007) (0.007) (0.007)

Bank liquid assets −0.004 −0.003 −0.002 −0.040 −0.077 −0.079
(0.009) (0.010) (0.010) (0.114) (0.128) (0.130)

Bank return on assets 1.284∗∗ 1.464∗∗ 1.473∗∗ −0.529 −0.771 −0.867
(0.579) (0.578) (0.580) (5.513) (5.439) (5.497)

Bank nonperforming assets 0.043 0.053 0.056 0.539 0.434 0.444
(0.047) (0.049) (0.049) (1.334) (1.318) (1.321)

Bank capital −0.024 −0.025 −0.024 0.459 0.552 0.561
(0.035) (0.035) (0.034) (0.496) (0.517) (0.522)

Adj. R2 0.133 0.116 0.111 0.125 0.132 0.130
Firm fixed effects yes yes yes yes yes yes
Number of Obs. 222,242 196,689 188,976 296,825 259,779 248,908

This table presents results of OLS regressions, where New lending relationships is a dummy that takes the value
of one if the firm has a new loan as of 2009:Q2 with a bank that it had no loan as of 2007:Q2, and Termination
of existing lending relationship takes the value of one if the firm had a loan with a bank as of 2007:Q2 and has
no loan with the bank as of 2009:Q2. In Column 2, we interact interbank borrowing with a dummy for firms
with total assets less than ten million euros, and the second interaction is that of interbank borrowing with a
dummy for firms with total assets more than ten million euros (same for Column 5). In Column 3, we interact
interbank borrowing with a dummy for firms with the number of employees less than one hundred, and the second
interaction is that of interbank borrowing with dummy for firms with the number of employees more than one
hundred (same for Column 6). Both total assets and number of employees are measured as of December 2006.
Interbank borrowing is the ratio of interbank borrowing in 2007:Q2 for a bank. Size is the log of total assets of
the bank. Liquid assets is the ratio of short-term to total assets of the bank. Return on assets is the profits of the
bank divided by its total assets. Nonperforming loans is the fraction of loans that are in default as a fraction of
total assets of the bank. Capital is the total bank capital as a fraction of total assets. Bank variables are as of
2007:Q2. The sample is restricted in all regressions to firms that have at least two banking relationships. Standard
errors, reported in parentheses, are clustered at the bank level and are heteroscedasticity consistent. ***, **, and
* indicate significance levels at 1%, 5%, and 10%, respectively.

Interestingly, we find that higher strength of the banking relationship lowers
the effect of interbank borrowing on likelihood of termination. We do not find
significant differences across small and large firms.23 Thus, our results suggest
that banking relationships ameliorate credit supply restrictions in the extensive
margin of loan termination across all type of firms.

23 Note that for the triple interactions, we include only two single variables (instead of three) as we are controlling
for firm fixed effects (which capture whether the firm is large or small). Moreover, given that firm size is a dummy
variable, we can put three double interactions and the triple one, or as in the table, we include two single and
two triple interactions (the third double interaction, the one on interbank borrowing and relationship strength, is
spanned by the two triples). In this way, we can see very clearly that the difference of the coefficient of the triple
interaction for large firms is statistically (and economically) identical to the one for small firms.

364

D
ow

nloaded from
 https://academ

ic.oup.com
/rfs/article/27/1/347/1573768 by guest on 18 M

ay 2023



[12:33 5/12/2013 RFS-hht056.tex] Page: 365 347–372

Interbank Liquidity Crunch and the Firm Credit Crunch: Evidence from the 2007–2009 Crisis

Table 6
The extensive margin and strength of banking relationships

Termination of existing lending relationship

Size No. of employees
(1) (2) (3)

Interbank borr * dummy less than threshold −0.055∗∗ −0.052∗∗
* relationship strength (0.026) (0.024)

Interbank borr * dummy more than threshold −0.053∗∗∗ −0.070∗∗∗
* relationship strength (0.014) (0.018)

Interbank borr * relationship strength −0.051∗∗
* relationship strength (0.022)

Interbank borrowing 0.519∗∗ 0.547∗∗ 0.524∗∗
borrowing (0.238) (0.273) (0.258)

Relationship strength −0.066∗∗∗ −0.070∗∗∗ −0.069∗∗∗
strength (0.008) (0.009) (0.008)

Interbank borrowing * dummy more than threshold 0.120 0.308
borrowing * dummy more than threshold (0.251) (0.248)

Relationship strength * dummy more than threshold 0.041∗∗∗ 0.037∗∗∗
strength * dummy more than threshold (0.006) (0.007)

Bank size −0.021∗∗∗ −0.022∗∗∗ −0.021∗∗∗
(0.005) (0.005) (0.005)

Bank liquid assets −0.043 −0.042 −0.044
(0.086) (0.086) (0.087)

Bank return on assets −3.293 −3.178 −3.423
(5.365) (5.308) (5.387)

Bank nonperforming assets 0.334 0.399 0.368
(0.935) (0.934) (0.935)

Bank capital 0.042 0.027 0.052
(0.364) (0.366) (0.369)

Adj. R2 0.232 0.234 0.234
Firm fixed effects yes yes yes
Number of obs. 259,779 259,779 248,904

This table presents results of OLS regressions, where Termination of existing lending relationship takes the value
of one if the firm had a loan with a bank as of 2007:Q2 and has no loan with the bank as of 2009:Q2. In Columns
2 and 3 we interact with interbank borrowing and relationship strength with a dummy for firms with total assets
less than ten million euros, and the second interaction is with a dummy for firms with total assets more than
ten million euros. In Columns 3 and 4, we interact interbank borrowing and relationship strength with a dummy
for firms with the number of employees less than one hundred, and the second interaction is with a dummy for
firms with the number of employees more than one hundred. Both total assets and number of employees are
measured as of December 2006. Relationship strength is the log of credit outstanding between a firm and a bank
as of 2007:Q2. Interbank borrowing is the ratio of interbank borrowing in 2007:Q2 for a bank. Size is the log of
total assets of the bank. Liquid assets is the ratio of short-term to total assets of the bank. Return on assets is the
profits of the bank divided by its total assets. Nonperforming loans is the fraction of loans that are in default as
a fraction of total assets of the bank. Capital is the total bank capital as a fraction of total assets. Bank variables
are as of 2007:Q2. The sample is restricted in all regressions to firms that have at least two banking relationships.
Standard errors, reported in parentheses, are clustered at the bank level and are heteroscedasticity consistent.
***, **, and * indicate significance levels at 1%, 5%, and 10%, respectively.

3.4 Does the effect of interbank dependence on credit supply vary
across bank characteristics?

Whereas in Table 2 we find that there is a credit supply reduction for banks
with higher interbank borrowing, in Table 7 we examine whether this effect
varies by bank fundamentals. Several theoretical models predict that there
are interactions between bank illiquidity and solvency (see, e.g., Rochet and
Vives 2004). We therefore interact interbank borrowing with different bank
characteristics that proxy for fundamentals (Columns 1 to 6 report the results).

We find that banks’ ratio of nonperforming assets and capital amplify the
effect of interbank borrowing on credit supply. In Column 4, we find that the
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Table 7
Differential effects of interbank dependence on credit supply by bank characteristics

Change in the log level of firm-bank total credit volume between 2009:Q2 and 2007:Q2

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

Interbank borrowing −0.832 −0.442∗∗∗ −0.149 −0.292∗∗ 0.034 −0.373∗∗∗
(1.957) (0.155) (0.172) (0.124) (0.203) (0.132)

Bank size * interbank borr 0.021
(0.089)

Bank liq assets * interbank borr 0.616
(0.918)

Bank ROA * interbank borr −47.013
(34.247)

Bank NPL * interbank borr −18.615∗
(9.582)

Bank capital * interbank borr −6.304∗∗
(2.694)

Central Bank borr 0.027∗∗∗
(0.009)

Central bank borr * interbank borr −0.081∗∗
(0.033)

Adj. R2 0.095 0.095 0.096 0.096 0.097 0.114
Firm fixed effects yes yes yes yes yes yes
Number of obs. 220,284 220,284 220,284 220,284 220,284 182,343

This table presents results of OLS regressions, where the dependent variable is the change in the (log) level of
committed credit volume for each firm-bank pair between 2009:Q2 and 2007:Q2, where the initial interbank
shock was August 2007. Interbank borrowing is the ratio of interbank borrowing to total assets in 2007:Q2 for
a bank. Size is the log of total assets of the bank. Liquid assets is the ratio of short-term to total assets of the
bank. Return on assets is the profits of the bank divided by its total assets. Nonperforming loans is the fraction
of loans that are in default as a fraction of total assets of the bank. Capital is the total bank capital as a fraction
of total assets. Total firm-bank credit is the log of committed credit outstanding between a firm and a bank as of
2007:Q2. Central bank borr is the liquidity availed by a bank from the European Central Bank. Bank variables
are as of 2007:Q2. All regressions include controls for bank characteristics (unreported). Firm-level variables
are measured as of December 2006. Standard errors, reported in parentheses, are clustered at the bank level and
are heteroscedasticity consistent. ***, **, and * indicate significance levels at 1%, 5%, and 10%, respectively.

effect of interbank borrowing on credit supply reduction is higher for banks
with higher level of nonperforming assets, that is, higher likelihood of bank
insolvency. We also find a higher effect of interbank borrowing on credit supply
for banks with higher capital ratio. The finding that higher capital is associated
with higher credit reduction could be due to the fact that banks that are riskier
also hold higher capital because of regulatory and market pressures (see, e.g.,
Iyer and Peydró 2011). Note that we do not find significant differences on the
impact of interbank on credit supply with respect to bank size, liquid assets,
and return-on-assets ratio.

Although the shock to the interbank funding led to a reduction in credit supply
to firms, from a policy perspective it is important to understand how liquidity
injections in the system by central banks (in this case the European Central
Bank) affect credit supply. In Column 6, we find that banks with higher overall
borrowings from the central bank funding increase credit availability to firms.
This effect, however, is partially reduced by higher ex ante interbank borrowing
(i.e., a negative coefficient of the double interaction). As we do not find that
central bank funding alleviates the negative effect of interbank borrowing on
credit supply, one possible explanation for this finding could be that banks with
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higher levels of interbank borrowing also borrowed heavily from the central
bank and held this additional liquidity in the form of liquid assets.

3.5 How do banks manage their portfolio?
An important question that arises is how banks rebalance their portfolio in
response to the shock. Although banks with higher interbank borrowing cut
back on credit supply to firms, the question that arises is whether they also
decrease their total assets or whether they hoard on liquidity. To address this
question, we examine at the bank level the total change in the bank assets and
bank liquidity ratio between 2007 and 2009.

Table 8, Column 1, presents the results of the change in the level of total
bank assets. As results show, we do not find a significant effect of interbank
borrowing on the change in total bank assets.24 This suggests that although
banks cut back on credit supply to firms, they did not reduce their total assets.
In Column 2, we examine the effect of interbank borrowing on the change in
liquid assets. Interestingly, we find that the coefficient is positive and significant.
This suggests that banks used the liquidity availed from reduction in credit
supply to firms to increase their liquidity asset ratio. This is consistent with
models of liquidity hoarding and credit crunch during crises, (see, for example,
Diamond and Rajan 2011). This finding holds relevance to the debate on
liquidity provision by the central bank during a crisis. All in all, the evidence
suggests that the negative effect of bank illiquidity on credit supply is not
alleviated by central bank liquidity, but these banks hoard on more liquidity.

3.6 Further robustness
The results so far suggest that a dry-up in interbank borrowing had a significant
effect on credit supply for firms. However, given the nature of the shock, one
could expect that there could be differences in the access banks have with
respect to borrowing from foreign banks versus domestic banks. One of the
concerns at the onset of the crisis was that lenders in the interbank market
were worried about contagion due to counterparty risk or adverse selection.
Thus, one could expect that foreign sources of liquidity are more likely to
dry up as compared to domestic sources. To examine this effect, we split the
total borrowing in the interbank markets into borrowing from other domestic
banks (headquarters in Portugal) and borrowing from foreign banks. We find
that the level of borrowing from foreign banks (abroad) has a significant effect
on credit (unreported). We also find similar results to that reported earlier for
smaller firms (unreported).

To make sure that our results are not driven by the duration of the event
window, we estimated our baseline specification across different windows, in
particular, before and after the Bear Stearns and Lehman Brothers failures

24 For some banks, the data on their balance sheet characteristics are missing as of 2009:Q2.
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Table 8
Rebalancing of bank portfolio

Change in bank total assets Change in bank liquid assets
(1) (2)

Interbank borrowing 0.128 0.066∗
(0.186) (0.033)

Bank size 0.001
(0.005)

Bank liquid assets −0.171
(0.323)

Bank return on assets −18.369 3.718∗
(12.469) (2.117)

Bank nonperforming assets 0.020 0.263
(1.326) (0.363)

Bank capital 0.700 0.173
(0.756) (0.149)

Adj. R2 0.155 0.107
Number of obs. 80 80

This table presents results of OLS regressions, where the dependent variable is the change in the level of bank
total assets and bank liquid assets between 2009:Q2 and 2007:Q2, where the initial interbank shock was August
2007. Interbank borrowing is the ratio of interbank borrowing to total assets in 2007:Q2 for a bank. Size is the
log of total assets of the bank. Liquid assets is the ratio of short-term to total assets of the bank. Return on assets
is the profits of the bank divided by its total assets. Nonperforming loans is the fraction of loans that are in default
as a fraction of total assets of the bank. Capital is the total bank capital as a fraction of total assets. Bank variables
are as of 2007:Q2. Robust standard errors, reported in parentheses, are heteroscedasticity consistent. ***, **,
and * indicate significance levels at 1%, 5%, and 10%, respectively.

and also a couple of quarters before the initial shock of August 2007. We
analyze the change in credit from 2007:Q1 to 2008:Q1, from 2007:Q2 to
2008:Q2, and from 2008:Q2 to 2009:Q2. We find that the coefficient on the
impact of interbank borrowing on credit supply is statistically significant and
economically important. As compared to the results reported in Table 2, the
coefficient on interbank borrowing is similar in magnitude. All in all, the
effects of interbank borrowing on credit supply are robust to the choice of
event window.

3.7 Are firms able to substitute the credit supply reduction?
Acrucial question that arises is whether firms that faced a credit supply reduction
from affected banks were able to substitute credit from other less affected banks
or from other sources of finance as trade credit or market debt. For instance,
imagine a firm that had two banking relationships before the crisis, one with a
bank with high interbank borrowing, the other with a bank with no interbank
borrowing. Is it possible that the firm could make up for the loss in credit from
the bank with high interbank dependence via borrowing more from the other
bank? Or can the firm create a new banking relationship? If so, one could find
that there is no reduction in total credit available for the firm by looking across
all the loans given to the firm from all the different banks.

To examine this issue, we first construct a measure of the average interbank
exposure for each firm before the crisis. That is, for each firm we measure the
(weighted) average of interbank exposure of banks that lend to that firm before
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Table 9
Credit substitution, total supply reduction, and interbank borrowing

Change in Change in Total firm Total firm Change in Total firm
total total debt, debt, total debt,

bank debt bank debt 2008 2008 bank debt 2008
(1) (2) (3) (4) (5) (6)

Average interbank borrowing −0.576∗∗∗ −0.636∗∗∗ −0.510∗∗∗ −0.037∗∗
(0.032) (0.043) (0.032) (0.018)

Average foreign interbank borr −0.361∗∗∗ −0.074∗∗∗
(0.052) (0.023)

Firm ROA −0.189∗∗∗ −0.003 −0.145∗∗ −0.003
(0.065) (0.012) (0.065) (0.012)

Firm age −0.056∗∗∗ −0.076∗∗∗ −0.046∗∗∗ −0.075
(0.009) (0.003) (0.009) (0.003)

Firm size −0.093 0.164∗∗∗ −0.089 0.164∗∗∗
(0.253) (0.039) (0.253) (0.039)

Total firm debt 0.926∗∗∗ 0.925∗∗∗
(0.003) (0.023)

Adj. R2 0.008 0.011 0.365 0.845 0.009 0.845
Firm-industry fixed effects yes yes yes yes yes yes
Firm-location fixed effects yes yes yes yes yes yes
Number of obs. 108,878 74,912 70,958 61,312 74,912 61,312

This table presents results of OLS regressions, where the dependent variable in Columns 1, 2, and 5 is the change
in the log of total bank loan volume for each firm between 2009:Q2 and 2007:Q2 (where the initial interbank
shock was in August 2007), whereas in Columns 3, 4, and 6 it is the log of overall debt of the firm outstanding
as of December 2008 (includes bank debt and other forms of debt from suppliers as trade credit, etc.). Average
interbank borrowing is, for each firm, the weighted (by loan size) average level of interbank borrowing of the
banks in May 2007 that are lending to the firm in 2007:Q2. Average foreign interbank borrowing is the same as
Average interbank borrowing but only using the interbank funds borrowed from foreign banks. Firm ROA is the
return of assets of the firm. Firm age is the age of the firm measured using the date of the firm’s incorporation
(ln(1+age)). Total firm debt is the log of total firm debt outstanding (including all forms of debt). Firm size is the
log of assets of the firm. Firm-level controls are measured as of December 2006. All regressions are estimated
with dummies for geographic location and the industry of the firm. The sample is restricted in all regressions to
firms that have at least two banking relationships. White heteroscedasticity consistent robust standard errors are
reported in parentheses. ***, **, * indicate significance levels at 1%, 5%, and 10% respectively.

the crisis (2007:Q2). Similarly, we construct the average interbank borrowing
for foreign borrowing.

In Table 9, Column 1, controlling for firm industry and location fixed effects,
we find that firms that in the precrisis were borrowing more from banks with
higher interbank borrowing faced a higher reduction in total credit from banks.
In Column 2, we find similar results controlling also for firm size, age, and
profitability. Hence, the results suggest that the credit supply reduction is
binding. Notice that we can test this substitution effect because we observe
all bank lending to each nonfinancial firm.

Still, despite bank loans being the key source of external finance for firms
in Portugal, especially for the smaller ones, firms could have compensated the
reduction in bank credit supply with other sources of credit like trade credit or
market debt. In Column 3 we analyze whether the level of total debt of the firm
in December 2008 is related to the average interbank borrowing of banks that
were lending to the firm in 2007:Q2. Note that we control for the total level
of debt in 2006. We find that firms that were borrowing more from banks with
higher interbank borrowing (precrisis) experience a higher reduction in their
total level of total debt. In Column 4, we find similar results controlling also
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for firm size, age, and profitability. The results suggest that, not only was bank
credit supply reduced but it was binding; that is, firms could neither compensate
with credit from other banks nor from other sources of debt. In Columns 5 and
6 we find similar results if we use the precrisis average level of interbank
borrowing from abroad.

All in all, these results suggest that firms on average are not able to perfectly
substitute credit supply reductions from affected banks, neither with credit from
other less affected banks nor with other sources of debt. These results, therefore,
suggest that negative liquidity shocks to banks have a disproportionate and
binding effect on firms’ access to credit.

4. Conclusions

A key channel through which a banking crisis may affect the economy relates
to the ability of firms to access the credit. A central question in the current
crisis is how the sudden dry-up in interbank liquidity has impacted firm credit,
especially for smaller, younger entrepreneurial firms, which might find it
difficult to access funds from other sources and mainly rely on bank financing.
In this paper, we analyze the effects of the 2007–2009 banking crisis on the
credit supply for firms.

For identification, we study loan-level data using the entire bank lending
in Portugal, matched with relevant firm and bank information. We exploit the
bank liquidity shock induced by the unexpected interbank crunch that started in
August 2007. We measure the susceptibility to the shock, using the interbank
liquidity dependence (borrowing) of each bank before the crisis. We use a
difference-in-differences approach to compare lending before and after the
crisis among banks with different levels of interbank borrowing, and we control
for heterogeneity in firm loan demand, net worth, and risk using firm fixed
effects.

Our results suggest that the interbank liquidity shock induced a credit supply
contraction (both in the intensive and extensive margins) but primarily for
entrepreneurial firms. Importantly, we find that these firms cannot compensate
the reduction in loan supply via obtaining credit from other less affected banks
or from other sources of credit. In sum, our results suggest that the credit crunch
was binding.

An important issue therefore is whether and how the liquidity coming from
central banks, in this case the European Central Bank, helped in alleviating the
credit supply tensions. Our evidence suggests that the negative impact of bank
illiquidity on credit supply is stronger for banks with higher insolvency (higher
nonperforming loans). Consistent with this, we find limited positive overall
effects from central bank liquidity on credit supply. Instead, we find that banks
with higher ex ante interbank dependence hoard more liquid assets.

Apolicy implication of our results therefore is the design of alternative central
banking and government mechanisms—like those recently being devised by
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the central banks and governments of the United Kingdom and euro area—
that increase the supply of credit to entrepreneurial firms. For example, the
European Central Bank has lengthened the maturity of their loans to three
years and expanded the set of loan collateral (to borrow from the ECB) to
small and medium enterprises (SMEs), or in the United Kingdom, banks can
obtain public debt to use as collateral if they increase loans to SMEs. All of
these public policies try to increase the supply of credit to firms. Moreover,
there are discussions on a new European directive for banks that is similar
to the approach adopted recently in the Cyprus bank crisis, in which there
was a bail-in from bank creditors and then a public recapitalization. Analyzing
whether these public mechanisms work is a very interesting avenue for further
exploration that we leave for future work.
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