
ding to
rature
portfo-
apital
s in the
l con-

ce the
s of

s deeply.
Journal of Financial Intermediation 13 (2004) 436–457
www.elsevier.com/locate/jfi

Does bank capital affect lending behavior?

Leonardo Gambacorta∗, Paolo Emilio Mistrulli

Banca d’Italia, Research Department, Via Nazionale 91, 00184 Rome, Italy

Received 1 July 2003

Available online 3 September 2004

Abstract

This paper investigates the existence of cross-sectional differences in the response of len
monetary policy and GDP shocks owing to differences in bank capitalization. It adds to the lite
by using the excess capital-to-asset ratio, which can better control the riskiness of banks’
lios, and by disentangling the effects of the “bank lending channel” from those of the “bank c
channel.” The results, based on a sample of Italian banks, indicate that bank capital matter
propagation of different types of shocks to lending, owing to the existence of regulatory capita
straints and imperfections in the market for bank fund-raising.
 2004 Elsevier Inc. All rights reserved.

JEL classification:E44; E51; E52

Keywords:Basel standards; Monetary transmissionmechanisms; Bank lending; Bank capital

1. Introduction

The effects of bank capital on lending behavior have been widely debated sin
1988 Basel Capital Accord.1 However, attention has been paid mostly to the effect
prudential regulation on banks’ risk-taking profile(Dewatripont and Tirole, 1994)while
the macroeconomic consequences of capital requirements have been analyzed les
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The traditional interpretation of the “bank lending channel” focuses on the ef
of reserve requirements on demand deposits, while no attention is paid to ba
uity: bank capital is interpreted asan “irrelevant” balance-sheet item(Friedman, 1991
Van den Heuvel, 2003). It was only recently that bank capital has been taken into acc
in the context of the “bank lending channel”(Ashcraft, 2001; Jayaratne and Morgan, 20
Kishan and Opiela, 2000). The main finding of this strand of literature is that bank cap
increases the capacity to raise uninsured forms of debt and therefore banks’ ability t
the effect of a drop in deposits on lending.

Some other recent papers have analyzed a different mechanism to highlight how
bank capital can affect lending behavior(Bolton and Freixas, 2001; Thakor, 199
Van den Heuvel, 2001a). The distinguishing feature of these papers is that regulatory
ital requirements are explicitly taken into account. Given that the regulatory requiremen
depends on the amount of loans granted, a link between bank capital and lending is
lished, with the additional assumption that banks face an imperfect market for their eq
(Calomiris and Hubbard, 1995; Cornett and Tehranian, 1994; Myers and Majluf,
Stein, 1998). The next step is to model how monetary policy shocks affect bank ca
ization and then bank lending. A possible transmission mechanism is the “bank c
channel” based on the maturity mismatchbetween assets and liabilities, which expo
banks to interest rate risk(Van den Heuvel, 2001a): a monetary tightening lowers bank
profits and consequently theircapital accumulation; if it is too costly to issue new share
banks could reduce lending in order to meet regulatory capital requirements.

Apart from monetary policy shocks, bank lending is also exposed to GDP shocks
reason for this is quite obvious: demand for loans is pro-cyclical. However, banks’ le
supply could behave differently according to the business cycle. One reason is that ba
deeply involved in relationship lending are likely to smooth lending “through the cy
(Boot, 2000; Thakor, 2004). In this respect, well-capitalized banks could be in a better p
tion to absorb temporary financial difficulties on the part of their borrowers. Secondly, ba
capital could be related to ex ante loan portfolio choices. This is consistent with a
body of the literature that has emphasized a link between bank capital and risk av
(Flannery, 1989; Gennotte and Pyle, 1991; Hellman et al., 2000; Kim and Santomero
Rochet, 1992). If banks select ex ante a loan portfolio with higher return and risk, t
borrowers are, on average, more financially fragile and thus more exposed to eco
downturns. These considerations raise an important question: how does bank capit
ence the response of bank lending to monetary policy and GDP shocks?

The main aim of this paper is to empirically address this question. Earlier em
cal investigations concerning the effect of bank capital on lending mostly refer t
US banking system(Furfine, 2000; Hancock et al., 1995; Kishan and Opiela, 20
Van den Heuvel, 2001b), and emphasize the importance of bank capital in influencing l
ing behavior. Findings reported in papers on European countries are far from conc
Altunbas et al. (2002)andEhrmann et al. (2003)find that lending of low-capitalized bank
suffers more from monetary tightening, but their results are not significant at conven
values for the main European countries. There is no conclusive evidence about the
of bank capital on the lending behavior of Italian banks. In principle, the financial stru
of the Italian economy during the 1990s makes it more likely that a “bank lending cha
was at work(Gambacorta, 2003). Most empirical papers based on VAR analysis confi
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the existence of such a channel in Italy(Angeloni et al., 1995; Buttiglione and Ferri, 1994
Chiades and Gambacorta, 2004; Fanelli and Paruolo, 2003). However, there is much les
evidence on cross-sectional differences in the effectiveness of the “bank lending chann
in Italy, due to capitalization.2 So far no evidence has been provided on the existenc
the so-called “bank capital channel.”

This paper departs in three ways from the existing literature on the monetary
transmission mechanism. The first one is the definition of capital; we define banks’ c
ization as the amount of capital that banks hold in excess of the minimum required to
prudential regulation standards.3 This definition allows us to overcome some problems
the capital-to-asset ratio generally used in the existing literature. The second depart
in the attempt to analyze the effects of capital on banks’ response to various eco
shocks. In the case of monetary shocks we separate the effects of the “bank lendin
nel” from those of the “bank capital channel.” We provide a tentative explanation o
effect of GDP shocks on lending based on the link between bank capital and risk av
The third departure is the use of a unique data set of quarterly data for Italian banks o
period 1992–2001; the full coverage of banks and the long sample period should ove
some distributional biases detected in other publicly available data sets. To tackle pro
in the use of dynamic panels, all the models have been estimated using the GMM es
suggested byArellano and Bond (1991).

The results indicate that well-capitalized banks can better shield their lending from
etary policy shocks as they have easier access to uninsured fund raising, consistent
“bank lending channel” hypothesis. We find evidence of a “bank capital channel” that h
a stronger effect on small banks whose balance sheets contain a larger maturity mi
between assets and liabilities. Capital also influences the way banks react to GDP
well-capitalized banks can better absorb temporary financial difficulties on the part o
borrowers and preserve long-term lending relationships.

The remainder of the paper is organized as follows. The next section reviews t
erature and explains the main link between capital requirements and banks’ loan s
Section3 discusses some stylized facts concerning bank capital in Italy. In Section4 we
describe the econometric model and the data. Section5 presents our empirical results a
the robustness checks. The last section summarizes the main conclusions.

2 Seede Bondt (1999), Favero et al. (1999)andKing (2002)who analyze mainly the effect of bank size a
liquidity. Some evidence of the effect of capitalization on the lending of Italian banks is detected byAltunbas et al.
(2002). Apart from the differences in specification, all thesepaper use the BankScope data set which suffers f
two weaknesses. First, the data are collected annually, which might be too infrequent to capture the adjustmen
bank aggregates to monetary policy. Second, the sample of Italian banks available in BankScope is biased towa
large banks. To tackle these problems our analysis is based on the Bank of Italy Supervisory Reports database
using quarterly data for the full population of Italian banks.

3 The excess capital-to-asset ratio has been used to analyze the role of internal capital markets(Houston and
James, 1998)and to assess the affects of the introduction of regulatory capital requirements on US banks’ lendi
behavior(Brinkmann and Horvitz, 1995). See alsoAyuso et al. (2004)who study the relationship between capi
buffers and the business cycle.
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2. Bank capital and the business cycle

There are several theories that explain howbank capital could influence the propagat
of economic shocks to lending. All these theories suggest the existence of market
fections that modify the standard results of theModigliani and Miller’s (1958)theorem.
Broadly speaking, if capital markets wereperfect a bank would always be able to ra
funds (debt or equity) in orderto finance lending opportunities, and its level of capita
would play no role.

The aim of this section is to discuss how bank capital can influence the reaction o
lending to two kinds of economic disturbances: monetary policy and GDP shocks.

Bank capital can influence the impact of monetary policy changes on lending in
ways, both based on adverse selection problems that affect banks’ fund-raising: the
lending channel,” which relies on imperfections in the market for bank debt(Bernanke and
Blinder, 1988; Kashyap and Stein, 1995; Kishan and Opiela, 2000; Stein, 1998)and the
“bank capital channel,” which concentrates on an imperfect market for bank equity(Bolton
and Freixas, 2001; Thakor, 1996; Van den Heuvel, 2001a).

According to the “bank lending channel” thesis, a monetary tightening affects ba
lending because the drop in reservable deposits cannot be completely offset by issuin
non-reservable liabilities (or liquidating some assets). Since the market for bank d
not frictionless and non-reservable liabilities are typically not insured, a “lemon’s pr
um” has to be paid to investors. In this case,bank capital has an important role becaus
affects banks’ external ratings and provides the investors with a signal about their
itworthiness. Therefore, the cost of non-reservable funding (i.e. bonds or CDs)
be higher for low-capitalized banks if they are perceived as more risky by the ma4

Low-capitalized banks are therefore more exposed to asymmetric information pro
and have less capacity to shield their credit relationships(Jayaratne and Morgan, 200
Kishan and Opiela, 2000).5

Only if banks had the possibility to issue unlimited amounts of CDs or bonds, w
are not subject to reserve requirements, the “bank lending channel” would be ineffe6

However, even in this case, bank capital could continue to play a role in the mon
transmission if another mechanism, the so-called “bank capital channel,” is at work.

The “bank capital channel” relies on three hypotheses. First, there is an imperfec
ket for bank equity: banks cannot easily issue new equity because of the presence of
costs and tax disadvantages(Calomiris and Hubbard, 1995; Cornett and Tehranian, 1
Myers and Majluf, 1984; Stein, 1998). Second, banks are subject to interest rate risk
cause their assets typically have a longer maturitythan liabilities (maturity transformation).

4 Empirical evidence has found that lower capital levels are associated with higher prices for uninsured liab
ities. See, for example,Ellis and Flannery (1992)andFlannery and Sorescu (1996).

5 The total effect also depends on the amount of bank liquidity. Other things being equal, banks with a hi
buffer of liquid assets should cut back their lending less inresponse to a monetary tightening. This result indicates
that banks with a large amount of very liquid assets have the option of selling them to shield loan po
(Ehrmann et al., 2003; Kashyap and Stein, 2000).

6 This is the point of theRomer and Romer (1990)critique.
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Third, banks have to meet regulatory capital requirements linked to credit supply(Bolton
and Freixas, 2001; Thakor, 1996; Van den Heuvel, 2001a).

The mechanism is the following. After an increase in market interest rates, a sma
fraction of loans can be renegotiated compared with deposits (loans are mainly long
while deposits are typically short-term). This means that interest rates on banks’ ass
slower to adjust to changes in market interest rates than those on banks’ liabilities:
therefore bear a loss due to the maturity mismatch between assets and liabilities
duces profits and then capital. If equity is sufficiently low and it is too costly to issue
shares, banks reduce lending, or else they fail to meet regulatory capital requiremen
the “bank capital channel” to be at work, it is not necessary that capital requiremen
currently binding.Van den Heuvel (2001a)shows that even if capital is greater than regu
tory capital requirements, low-capitalized banks may optimally forgo lending opportunitie
now in order to lower the risk of capital inadequacy in the future. Thisis interesting becaus
in reality, as shown in Section3, most banks are not constrained at any given time.

Bank capitalization may also influence the way the loan supply reacts to output shock
banks’ profits, and thus banks’ capital accumulation, depend on the business cycle. In t
case, output shocks affect banks’ capacity to lend if the market for equity is not frictio
and banks have to meet regulatory capital requirements. Other things being equa
capitalized banks are in a better position, with respect to less-capitalized banks, to
output shocks. Since they hold more capital in excess of the minimum required to
prudential regulation standards, well-capitalized banks need to adjust lending less
economic downturns in order to avoid regulatory capital shortfalls. Thus, if for institutiona
reasons banks hold a different amount of capital in excess of regulatory requiremen
may in turn imply cross-sectional differences in lending responses to output shoc
Italy, the institutional characteristics of credit cooperative banks7 are very different from
those of commercial banks.

Well-capitalized banks may react less to output shocks not only for the reason ou
above but also because their profits could be less sensitive to the business cycle, as th
portfolio choices may differ from those taken by less-capitalized banks. If well-capita
banks are also more risk-averse, they select ex ante a pool of borrowers who are on
less financially fragile, thus containing banks’ exposure to default risk when an eco
downturn occurs. It should be noted though that the link between bank capital and
taking behavior is still quite controversial.8

7 Credit cooperatives are mutual banks that can act asuniversal banksoffering all banking services. The ma
limitation on their activity is that they have to operateprevalentlywith their members and within the area in whi
their branches are located (see the 1993 Banking Law, Article 35).

8 A wide stream of literature has analyzed the relation between bank capitalization and risk-taking behav
reaching different results. In some models based on a portfolio approach(Flannery, 1989; Gennotte and Py
1991)well-capitalized banks are more risk-averse due to the relation between deposit insurance sche
the risk-taking attitude of banks: if the insurance premium undervalues banks’ risk, the implicit subsidy from
deposit insurance is a decreasing function of capital. In this class of models the presence of capital requirem
attenuates the distortions caused by deposit guarantees: banks cannot reduce equity below a certain thresho
to obtain the maximum implicit subsidy from deposit insurance. The hypothesis that well-capitalized banks
more risk-averse can also be supported by interpreting capital as a cushion against contingencies(Dewatripont
and Tirole, 1994; Repullo, 2000; Van den Heuvel, 2001a). On the contrary, some authors (Hellman et al., 2000;
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From the preceding discussion, we can derive several implications for the subs
empirical analysis. The “bank capital channel” and the way banks react to output shocks
closely related to the amount of capital held in excess of regulatory requirements. Th
traditional capital-to-asset ratio does not discriminate among banks with the same l
capital facing different regulatory constraints. By contrast, the excess capital-to-asset
takes regulatory requirements directly into account. Furthermore, the analysis of the
lending channel” has highlighted that the capacity of banks to substitute uninsur
insured liabilities depends on the amount of excess capital, as it is a proxy for banks’ def
risk. In this case as well, the capital-to-asset ratio seems inappropriate, as it is not se
to portfolio risk shifts. The excess capital-to-asset ratio does not suffer from the
limitation because regulatory capital requirements vary among different kinds of assets th
are classified according to their risk. Finally, institutional characteristics may be a fac
distinguishing among banks which hold equal excess capital-to-asset ratios. The re
that mutual banks are different from other banks in terms of corporate governance a
subject to specific prudential regulation. To tackle this problem, our analysis distingu
between credit cooperatives and ordinary commercial banks.

3. Some simple facts on bank capital

In this section we analyze how capital behaved among different kind of banks since t
implementation of the 1988 Basel Capital Accord. To this aim, we have considere
distinct samples:

(a) “banks”: all institutions except credit cooperative banks;
(b) “large banks”: banks with total assets above 10 billion Euros in September 2001, cre

cooperative banks excluded;9

(c) “credit cooperatives”;
(d) “all institutions”: “banks” and “credit cooperatives.”

The 1988 Basel Capital Accord and its subsequent amendments require capita
above a threshold that is defined as a function of several types of risk. It is poss
distinguish between the default risk (credit risk) and the risk related to adverse fluctu
in asset market prices (market risk). In Italy, the capital requirements for credit risks

Kim and Santomero, 1988; Rochet, 1992) argue that well-capitalized banks are less risk-averse: if capital is m
costly with respect to other sources of funds, a typical moral hazard problem emerges.

9 This definition of large banks includes a sample of intermediaries whose size is larger than the one co
by studies about the monetary policy transmission in the US (e.g.,Kashyap and Stein, 1995, 2000), while it
appears to be similar when compared with those considered in studies on other Eurosystem area countries (
Ehrmann et al., 2003). However, banks total assets greater than 10 billion Euros are above the 95th perce
the total asset distribution. Thus, in relative terms,our size cutoff is not different from the one typically adopt
to define large banks. To control for mergers we have assumed that consolidation took place at the beginning
the period (seeAppendix Afor further details of merger treatment).
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Fig. 1. Capital and reserves as a percentage of total assets.

introduced in 1992, those for market risks in 1995. Banks have to hold an amount of c
that must be at least equal to the sum of credit and market risk capital requirements10

One of the objectives of the 1988 Basel Accord was to increase banks’ capital
(Basel Committee on Banking Supervision, 1999). We observe that, for the banking sy
tem as a whole (“all institutions”), banks’ capital increased during the period that pre
the implementation of the Basel Accord in Italy and it declined slightly afterwards (Fig. 1).
It seems, therefore, that banks accumulated sufficient capital before risk-based capital r
quirements were implemented. This apparently supports the thesis that bank ca
sticky. Large banks’ capital levels have been constantly below the average. By co
credit cooperatives (from now on, simply CCs), who are typically very small, are b
capitalized than other banks. The different capital ratios among Italian banks could refle
heterogeneity in their capacity to issue capital. As capital is relatively costly, banks
imize their holdings, subject to different “adjustment cost” constraints. This implies
ceteris paribus, capital ratios are lower for those banks that incur lower costs in order
adjust their level of capital. The different levels of capital could also be due to the fac
as bank size increases, banks can better diversify the risk of capital shocks.

10 As far as credit risk is concerned, capital must be at least equal to 8 percent of the total amount of ri
weighted assets (solvency ratio). A bank-specific solvency ratio (higher than 8 percent) can be set in the
a poor performance in terms of asset quality, liquidity and organization. On the contrary, the ratio decrease
7 percent for banks belonging to a banking group that meets an 8 percent solvency ratio on a consolidated ba
Capital requirements against market risks are related to open trading positions in securities, foreign exchange
commodities.



L. Gambacorta, P.E. Mistrulli / Journal of Financial Intermediation 13 (2004) 436–457 443

y

of the
his
cush-

ory
ero if
ervision

ng-

-
n,
x
olatile
capital

ua-
ent on

ed in
bilities

core
y

Fig. 2. Excess capital (regulatory capital minus minimum capital requirement) as apercentage of regulator
capital.

For all kinds of banks the excess capital (the amount that banks hold in excess
minimum regulatory capital requirement) has always been much greater than zero. T
is consistent with the hypothesis that capital is difficult to adjust and banks create a
ion against contingencies. If we define asxit the ratio between excess capital (regulat
capital11 minus capital requirement) and regulatory capital this should be close to z
banks choose their capital endogenously to meet the constraint imposed by the sup
authority. In reality, we observe that this ratio is significantly greater than zero (Fig. 2). The
cushion is smaller for large banks than for CCs.

Figure 3shows the time evolution of the deviation of excess capital from its “lo
run equilibrium.” For each banki at time t , the bank deviation is defined aszit =
(xit − xi)/σxi , wherexi is the average bank capitalization andσxi is the standard devi
ation ofxit . We can interpretxi as a proxy of the “long-run equilibrium” capitalizatio
that we assume to be bank specific. We then calculate, at every timet , the aggregate inde
as a mean of each bank index. The indicator is more stable for large banks, more v
for CCs. This seems consistent with the view that large banks have easier access to
markets and therefore can adjust their capital ratios more rapidly to loan demand fluct
tions; capital is less flexible for smaller banks and for CCs, which are more depend
self-financing.

Figure 4shows the maturity transformation performed by banks. As we discuss
the previous section, the existence of a maturity mismatch between assets and lia

11 Regulatory capital is defined as the sum of the so-called “Tier 1” and “Tier 2” capital. “Tier 1” or “
capital” includes stock issues, reserves and provisionsfor “general banking risks”; “Tier 2” or “supplementar
capital” consists of general loan loss provisions, hybrid instruments and subordinated debt.
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Fig. 3. The evolution of banks’ capitalization.Normalized distance from long-run average.

is a necessary condition for the “bank capital channel” to be at work. Since loans
cally have a longer maturity than bank fund-raising, the average maturity of total as
longer than that of liabilities. In this case, aspredicted by the “bank capital channel,” t
bank bears a cost when interest rates are raised and benefits whenthey are lowered. Th
difference between the average maturity of assets and that of liabilities is greater fo
than for banks. In fact, CCs’ balance sheets contain a larger percentage of long-term
while their bond issues are more modest. For example, at the end of September 20
ratio between medium and long-term loans over total loans was 57 percent for CC
46 percent for banks. On the contrary, the ratio between bonds and total fund-raisin
respectively, 27 and 29 percent. These differences were even greater at the beginning
our sample period. Therefore, the analysis of the maturity mismatch between assets
abilities indicates that there is room for a “bank capital channel” in Italy with a poten
greater effect for CCs.

4. The econometric model and the data

The empirical specification, based onKashyap and Stein (1995), is designed to tes
whether banks with different capital ratios react differently to a monetary policy or a GD
shock.

The empirical model is given by the following equation, which includes interac
terms that are the product of the excess capital with the monetary policy indicator
real GDP; all bank-specific characteristics (excess capital, cost due to maturity mismat
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Fig. 4. Maturity transformation. Asset and liability months-to-maturity. The asset (MA
t ) and liability (ML

t )

months-to-maturity statistics have been computed, for each quartert , as follows:MA
t = 1

N

∑N
i=1

∑K
j=1 d̄j

aij

Ai
,

ML
t = 1

N

∑N
i=1

∑K
j=1 d̄j

lij
Li

, whereN is the number of banks,K the number of months-to-maturity bracke

d̄j is the median value of the maturity interval for thej th bracket (j = 1,2, . . . ,K). aij (lij ) is the amount of

assets (liabilities) belonging to thej th bracket and held by theith bank (i = 1,2, . . . ,N ). Ai = ∑K
j=1 aij and

Li = ∑K
j=1 lij .

etc.) refer tot − 1 to avoid an endogeneity bias (seeEhrmann et al., 2003; Kashyap and
Stein, 1995, 2000):12

� lnLit = µi +
4∑

j=1

αj� lnLit−j +
4∑

j=0

βj�MPt−j +
4∑

j=0

ϕjπt−j

+
4∑

j=0

δj� lnyt−j + λXit−1 + φ�(ρi�MP)t−1

(1)+
4∑

j=1

γjXit−1�MPt−j +
4∑

j=1

τjXit−1� lnyt−j + Γ Φit + εit

with i = 1, . . . ,N (N = number of banks) andt = 1, . . . , T (t = quarters) and where:

Lit loans of banki in quartert ,
MPt monetary policy indicator,

12 A simple theoretical framework that justifies the choiceof the specification is reported in the working pap
version of this study(Gambacorta and Mistrulli, 2003).
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yt real GDP,
πt inflation rate,
Xit measure of excess capital,
ρit maturity transformation cost per unit of asset computed for a one percent inc

in MP,
Φit control variables.

The model allows for fixed effects across banks, as indicated by the bank-spec
terceptµi . Four lags are introduced in order to obtain white noise residuals. The m
is specified in growth rates to avoid the problem of spurious correlations among var
that are likely to be non-stationary.

The sample used goes from the third quarter of 1992 to the third quarter of 2001
interest rate taken as monetary policy indicator is that on repurchase agreements b
the Bank of Italy and credit institutions inthe period 1992–1998, and theinterest rates on
main refinancing operation of the ECB for the period 1999–2001.13

CPI inflation and the growth rate of real GDP are used to control for loan dem
effects. The introduction of these two variables allows us to capture cyclical move
and serves to isolate the monetary policy component of interest rate changes.14

To test for the existence of asymmetric effects due to bank capital, the following
sure is adopted:

Xit = ECit

Ait

−
(∑

t

∑
i ECit /Ait

Nt

)/
T

whereEC stands for excess capital (regulatorycapital minus capital requirements) andA

represents total assets. The excess capital indicator is normalized with respect to
erage across all the banks in the respective sample in order to obtain a variable that su
to zero over all observations. This has two implications. First, the sums of the in
tion terms

∑4
j=1 γjXit−1�MPt−j and

∑4
j=1 τjXit−1� lnyt−j in Eq.(1), are zero for the

average bank (�Xit−1 = 0). Second, the coefficientsβj and δj are directly interpretable
respectively, as the average monetary policy effect and the average GDP effect.

To test for the existence of a “bank capital channel” we introduce a variable(ρi�MP)

that represents the bank-specific interest rate cost due to maturity transformation. I
words, this cost depends on the fact that banks’ assets have a longer maturity tha
liabilities. In particular,ρi measures the loss per unit of asset the bank suffers whe
monetary policy interest rate is raised by one percentage point. We compute this v
according to supervisory regulations relating to interest rate risk exposure that depe
on the maturity mismatch between assets and liabilities.15 To work out the real cost, w

13 As pointed out byButtiglione et al. (1997), in the period under investigation the repo rate mostly affec
the short-term end of the yield curve and, as it represented the cost of banks’ refinancing, it was the value
which market rates and bank rates eventually tended to converge. It is worth noting that the interest rate
refinancing operations of the ECB does not present any particular break with the repo rate.

14 For more details on data sources, variable definitions, merger treatment, trimming of the sample an
elimination, seeAppendix A.

15 SeeAppendix Afor further details.
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therefore multiply this measure by the actual change in interest rates. The termρi�MP
represents the real cost thata bank bears in each quarter.16

The set of control variablesΦit include a liquidity indicator, given by the sum of ca
and securities to total assets ratio, and a size indicator, given by the log of total asse
liquidity indicator is normalized with respect to the mean over the whole sample pe
while the size indicator has been normalized with respect to the mean on each sin
riod. This procedure removes trends in size. Asfor the other bank specific characteristi
liquidity and size indicators refer tot − 1 to avoid an endogeneity bias.

The fact that supervisors can set solvency ratios greater than 8 percent for highly ris
banks (see Section3), allows us to test for the effects of capital shocks on bank lending
analyze the impact of these supervisory actions on lending in the first two years, com
different dummy variables (one for each quarter following the solvency ratio raise) th
equal 1 for banks whose solvency ratio is higher than 8 percent. This allows us to capt
the bank lending adjustment process. A specific dummy variable controls for the effe
the introduction of market risk capital requirements in the first quarter of 1995.

The sample represents 82 percent of total bank credit in Italy.Table 1gives some basi
information on what bank balance sheets look like. Credit cooperatives are treated
rately because they are considerably smaller, more liquid and better capitalized than ba
This evidence is consistent with the view that smaller banks need bigger buffer sto
securities because of their limited ability to raise external finance on the financial ma

This interpretation is confirmed on the liability side, where the percentage of bond
smaller among credit cooperatives. The high capitalization of CCs is due, at least i
to the Banking Law prescription that significantly limits the distribution of net profits.17

Within each category, banks are split according to their capital.18 Low-capitalized banks
are larger and less liquid irrespective of their form (CCs or banks), and they issue
bonds than well-capitalized banks. While these differences are small among CCs, th
quite significant among banks. In this group, low-capitalized banks are much large
well-capitalized ones; a greater share is listed and belongs to a banking group. Mo
they issue more subordinated debt to meet regulatory capital requirements. This ev
is consistent with the view that, “ceteris paribus,” capital is lower for those banks
bear less adjustment costs from issuing new (regulatory) capital; large and listed ban
more easily raise funds on the capital market and they can also rely on a wider set of
equity” securities that can be issued to meet capital requirements (e.g. subordinated deb
at the same time, banks belonging to a group can better diversify the risk of regu
capital shortage if an internal capital market is active at the group level.19

16 As formalized inGambacorta and Mistrulli (2003), this measure influences the level of loans. Since
dependent variable is a growth rate, we include this measure in first differences.

17 According to Article 37 of the 1993 Banking Law, “Banche di credito cooperativo must allocate at least
percent of net profits for the year to the legal reserve.”

18 A “low-capitalized” bank has a capital ratio equal to the average capital ratio below the 10th percentile
“well-capitalized” bank, that of the banks above the 90th percentile. Since the characteristics of each bank co
change over time, percentiles are worked out on mean values.

19 Houston and James (1998)analyze the role of internal capital markets for banks’ liquidity management. Th
same framework could be applied to soften the regulatory capital constraint among banks belonging to the sam
group. See alsoAshcraft (2001).



448
L
.G

a
m

b
a
co

rta
,
P.E

.M
istru

lli/Jo
u
rn

a
lo

fF
in

a
n
cia

lIn
te

rm
e
d
ia

tio
n

1
3

(2
0
0
4
)

4
3
6
–
4
5
7

All institutions

ed
large
banksc

total large
banksc

well
capitalized

low
capitalized

total

5 155 31 55 55 556
100.0 71.6 100.0 0.0 67.9 19.9
80.0 16.8 51.6 0.0 26.8 4.7

68 35,766 9,160 38,581 159 12,486 2,692
12.6 100.0 84.2 0.6 45.9 100.0
15.3 18.2 13.9 34.3 17.8 23.3

3 50.1 49.4 50.0 39.3 51.1 48.3
10.0 6.2 4.3 6.6 5.7 5.8

.7 31.7 29.3 33.5 19.5 29.4 27.9
16.9 14.4 34.1 1.4 16.7 5.7

1.3 4.3 3.3 15.4 2.0 6.9
8.6 44.7 22.6 19.9 34.5 27.4 22.6

ank has a capital ratio (excess capital/total assets) equal to the
n above the 90th percentile.
. The main limitation on their activity is that theyhave to operate
anking Law, Art. 35).

.
ber 2001.
Table 1
Data description (September 2001)

Credit cooperativesa Banksb

well
capitalized

low
capitalized

total well
capitalized

low
capitaliz

Number of banks 40 40 401 15 16
Banks belonging to a groupd 0.0 0.0 0.0 33.3 81.3
Listed banks 0.0 0.0 0.0 0.0 37.5
Mean total assets 160 246 205 1,341 12,4
Fraction of total assets 7.8 12.0 100.0 1.4 14.1
Liquidity/total assets 33.5 21.2 25.3 23.1 18.7
Loans/total assets 39.7 50.0 47.8 40.8 51.
Bad loans/total loans 7.5 6.4 5.6 11.2 8.3
Bonds issues/deposits and bonds 18.5 30.6 27.3 23.5 30
Subordinated debt/capital requirement 0.0 2.9 2.3 1.1 19.3
Excess capital/ total assets 16.0 2.5 7.9 10.4 1.6
Share of branches located in the South of Italy 32.5 26.7 22.6 26.3 2

Source: Bank of Italy supervisory reports.
Notes. Excess capital is given by regulatory capital minus capital requirements. A ”low-capitalized” b
average capital ratio below the 10th percentile, a ”well-capitalized” bank has the average capitalizatio

a Credit cooperatives are mutual banks that can act as universal banks offering all banking services
prevalently with their members and withinthe area in which their branches are located (see the 1993 B

b All institutions except credit cooperatives. This group typically includes limited companies banks
c Large banks are non cooperative banks with total assets greater than 10 billions of Euro at Septem
d Only groups with more than a bank member are considered.
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5. The results

The results of the study are summarized inTable 2, which presents the long-run ela
ticities of bank lending with respect to the variables.20 The models are estimated usi
the GMM estimator suggested byArellano and Bond (1991)which ensures efficiency an
consistency provided that the models are not subject to serial correlation of order tw
that the instruments used are valid (which is tested for with the Sargan test).

The existence of asymmetric effects due tobank capital is tested considering three sa
ples. The first includes all institutions and is our benchmark regression; the othe
consider separately credit cooperatives and banks. These sample splits are intende
ture differences in the bank capital effect due to the institutional characteristics disc
in the previous sections.

From the first row of the table it is possible to note that the effect of excess capi
lending is always significant and positive: well-capitalized banks are less constrain
capital requirements and have more opportunities to expand their loan portfolio. The effe
is higher for CCs than for banks because they encounter higher capital adjustment cos
CCs are more dependent on self-financing and cannot easily raise new regulatory
(the null hypothesis that the coefficients of CCs and banks are equal in a nested m
rejected;p-value: 0.00).

The response of bank lending to a monetary policy shock has the expected n
sign. These estimates roughly imply that a one percent increase in the monetary
indicator leads to a decline in lending of around 1.2 percent for the average ban
effect is higher for CCs (−1.8 percent) than for banks (−0.2 percent), which have mor
access to markets for non-reservable liabilities (the two institutional categories are stat
tically different; p-value: 0.00). Testing the null hypothesis that monetary policy eff
are equal among banks with different capital ratios is identical to testing the signifi
of the long-run coefficient of the interaction between excess capital and the monetary
icy indicator (see “Excess capital∗ MP” in Table 2). As predicted by the “bank lendin
channel” hypothesis, the effects of a monetary tightening are smaller for banks with
capital ratios, which have easier access to uninsured financing. Bank capital interacti
with monetary policy is very high (in absolute value) for banks that are more depe
on non-deposit forms of external funds. It is worth noting that well-capitalized bank

20 For example, the long-run elasticity of lending with respect to monetary policy for the average bank (repo

on the second row ofTable 2) is given by
∑4

j=0 βj /(1 − ∑4
j=1 αj ), while that with respect to the interactio

term between excess capital and monetary policy is represented by
∑4

j=1 γj /(1− ∑4
j=1 αj ) (see the fifth row

of Table 2). Therefore the overall long-run elasticity of the dependent variable with respect to monetary
for a well-capitalized bank (seventh row) is worked out through

∑4
j=0 βj /(1 − ∑4

j=1 αj ) + ∑4
j=1 γj /(1 −∑4

j=1 αj )�X>0.90, where �X>0.90 is the average excess capital for the banks above the 90th percentile
interesting to note that testing the null hypothesis that monetary policy effects are equal in the long-run amo
banks with different capitalization corresponds to testingH0:

∑4
j=1 γj = 0 using thet-statistic of

∑4
j=1 γj in

Eq. (1). Standard errors for the long-run effect have beenapproximated with the “delta method” which expan
a function of a random variable with a one-step Taylor expansion(Rao, 1973). In order to increase the degree
freedom we drop the contemporaneous and the fourth lags that are statistically not different from zero.
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Table 2
The effect of bank capital on lending

Dependent variable: quarterly Model 1 Model 2 Model 3
T -dummies liquidity∗ MP

All institutions All institutions

S. error Coeff. S. error Coeff. S. error

0.057 0.763*** 0.019 0.713*** 0.022

0.175 −1.282*** 0.056
0.295 0.708*** 0.087
0.300 1.312*** 0.117

2.139 7.363*** 0.714 6.445*** 0.984

0.196 −0.799*** 0.100
0.208 −1.628*** 0.068

0.154 −0.933*** 0.011 −1.116*** 0.054

4.092 −4.336*** 1.274 −4.375*** 1.650

0.329 0.380** 0.153
0.388 0.943*** 0.122

0.992*** 0.248

−1.124*** 0.058
−1.416*** 0.071

0.107 −0.215*** 0.021 −0.243*** 0.023

0.092 0.112 0.106
0.479 0.000 0.103 0.000 0.131

4960 556 17792 556 17792

(continued on next page)
growth rate of lending baseline regression

All institutions Credit cooperatives Banks

Coeff. S. error Coeff. S. error Coeff.

Excess capital (t − 1) 0.744*** 0.021 1.058*** 0.032 0.516***

Long-run coefficients
monetary policy (MP) −1.187*** 0.055 −1.778*** 0.091 −0.201
real GDP growth 0.668*** 0.087 0.751*** 0.125 1.350***

inflation (CPI) 1.127*** 0.116 2.558*** 0.175 0.654**

Excess capital∗MP
(“bank lending channel”) 8.010*** 0.906 8.921*** 1.119 11.790***

MP effect for:
well capitalized banks −0.622*** 0.092 −1.106*** 0.110 0.176
poorly capitalized banks −1.615*** 0.066 −2.159*** 0.122 −0.968***

Maturity transformation
(“bank capital channel”) −1.173*** 0.053 −1.287*** 0.091 −0.597***

Excess capital∗ GDP
(“risk-aversion effect”) −4.894*** 1.621 −11.620*** 2.517 −2.304

GDP shock effect for:
well capitalized banks 0.323** 0.145 −0.126 0.217 1.278***

poorly capitalized banks 0.930*** 0.122 1.246*** 0.180 1.491***

Liquidity ∗ MP
(“bank lending channel”)

MP effect for:
liquid banks
low liquid banks

Specific capital requirements
(total effect after two years) −0.199*** 0.023 −0.188*** 0.016 −0.186*

Sargan test (2nd step;p-value) 0.115 0.146
MA(1), MA(2) (p-value) 0.000 0.129 0.000 0.077 0.000
No. of banks, no. of observations 556 17792 401 12795 155



L. Gambacorta, P.E. Mistrulli / Journal of Financial Intermediation 13 (2004) 436–457 451

ital
een
ve

d
nts
ond and
on,
the

ity

ly not

ow of
e esti-
aturity
th rate

l
e;
loans,

fect of
shield
t when
e results
ry
ifferent

nt in-
around

ntly
ant

the
result

if-
istent
ks
. This
s loan
Table 2 (Continued)
Notes. Model 1 is given by Eq.(1), which includes interaction terms that are the product of the excess cap
with the monetary policy indicator and the real GDP. Seasonal dummies are also included. Four lags have b
introduced in order to obtain white noise residuals (three lags in the liquidity regression). The models ha
been estimated using the GMM estimator suggested byArellano and Bond (1991)which ensures efficiency an
consistency provided that the models are not subject toserial correlation of order two and that the instrume
used are valid (which is tested for with the Sargan test). In the GMM estimation, instruments are the sec
further lags of the growth rate of loans and of the bank-specific characteristics included in each equation. Inflati
GDP growth rate and the monetary policy indicator are considered exogenous variables. The sample goes from
third quarter of 1992 to the third quarter of2001. Model 2 excludes “direct” macro controls(βj = ϕj = δj = 0)

and includes a set of time dummies. Model 3 includes the interaction between monetary policy and the liquid
indicator.

* Significant at the 10% level.
** Idem., 5%.
*** Idem., 1%.

completely insulated from the effect of a monetary tightening (the effect is statistical
different from zero).

The effects of the so-called “bank capital channel” are reported on the eighth r
Table 2. The coefficients have the expected negative sign for all banks groups. Thes
mates roughly imply that an increase of one basis point in the ratio between the m
transformation cost and total assets determines a reduction of 1 percent in the grow
of lending. The reduction is bigger for CCs, which as we saw in Section3, typically have
a greater maturity mismatch between assetsand liabilities (the null hypothesis of equa
coefficients between CCs and banks can be rejected at a 5 percent level of confidenc
p-value: 0.01). In fact, CCs balance sheets contain a larger percentage of long-term
while their bonds issues are lower. Another possible explanation for the greater ef
the “bank capital channel” for CCs could be they make less use of derivatives to
the maturity transformation gap. With these characteristics CCs bear a higher cos
interest rates are raised and obtain a higher gain in the opposite case. To sum up, th
indicate the existence of a “bank capital channel” that amplifies the effects of moneta
policy changes on bank lending and asymmetric effects of such a channel among d
institutional categories of banks.

The models show a positive correlation between credit and output. A one perce
crease in GDP (which produces a loan demand shift) causes a loan increase of
0.7 percent. The effect is smaller for CCs thanfor banks because they operate prevale
within the area in which their branches are located and national conditions are less relev
(Padoa-Schioppa, 1996). The two categories are statistically different (p-value: 0.00).

The interaction term between GDP and excess capital is negative. This means that
credit supply of well-capitalized banks is less dependent on the business cycle. This
is consistent withKwan and Eisenbeis (1997), where capital is found to have a sign
icantly negative effect on credit risk. On theoretical grounds our findings are cons
with Flannery (1989)andGennotte and Pyle (1991), who argue that well-capitalized ban
are more risk-averse and select ex ante borrowers with less probability of defaulting
means that when an economic downturn occurs well-capitalized banks suffer les
losses and their capital changes less with respect to other banks.
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The link between bank-capital and risk attitude needs to be discussed in rela
the institutional categories of Italian banks. From the sample split it emerges that th
erogeneity coefficient is highly significant only for CCs, while there are no signifi
asymmetric effects for the banks. CCs retain high levels of excess capital and are
able to insulate the effect of an economic downturn. As inVander Vennet and Van Land
shoot (2002), capital provides banks with a structural protection against credit risk cha
Looking atTable 2, well-capitalized CCs are able to completely insulate the effect of GD
on their lending. On the other hand, the effect of a 1 percent increase in GDP on le
does not differ too much between well-capitalized (1.3 percent) and low-capitalized ban
(1.5).

As explained in Section4, the effects of the introduction of a specific (higher th
8 percent) solvency ratio on bank lending are captured by dummy variables. In thi
there are not many differences among the three samples. The introduction of a spec
vency ratio determines an overall reduction of around 20 percent in bank lending aft
years. The magnitude of the effect is similar among bank institutional categories (p-value:
0.79 percent) because higher solvency ratios have been mostly imposed on sma
banks. In other words, these banks, independently of the institutional category they belon
have very similar management weakness. This result seems consistent with the hyp
that issuing new equity can be very costly for highly risky banks owing to high ag
costs in the market for equity(Calomiris and Hubbard, 1995; Cornett and Tehranian, 1
Myers and Majluf, 1984; Stein, 1998).

5.1. Robustness checks

We test the robustness of these results in several ways. The first test introduc
ditional interaction terms by combining excess capital with inflation, making the b
Eq.(1):

� lnLit = µi +
4∑

j=1

αj� lnLit−j +
4∑

j=0

βj�MPt−j +
4∑

j=0

ϕjπt−j

+
4∑

j=0

δj� lnyt−j + λXit−1 + φ�(ρi�MP)t−1

+
4∑

j=1

γjXit−1�MPt−j +
4∑

j=1

τjXit−1� lnyt−j

(2)+
4∑

j=1

ψjXit−1πt−j + Γ Φit + εit .

The reason for this test is the possible presence of endogeneity between inflati
bank capital; excess capital may be higher when inflation is high or vice versa. How
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when the test is performed nothing changes and the interaction is always not sign
(
∑4

j=1 ψj turns out to be statistically not different from zero).
The second robustness check compares Eq.(1) with the following model:

� lnLit = µi +
4∑

j=1

αj� lnLit−j + θt + λXit−1 + φ�(ρi�MP)t−1

(3)+
4∑

j=1

γjXit−1�MPt−j +
4∑

j=1

τjXit−1� lnyt−j + Γ Φit + εit ,

where all variables are defined as before, andθt describes a complete set of time dummi
This model completely eliminates time variation and tests whether the three pur

variables used in the baseline equation (prices, income and the monetary policy ind
capture all the relevant time effects. The results are presented in the fourth columnTa-
ble 2. Again, the estimated coefficients on theinteraction terms do not vary much betwe
the two kinds of models, which testifies to the reliability of the cross-sectional evid
obtained.

A geographical control dummy is introduced in each model and given the value o
if the head office of the bank is in the north of Italy and zero if elsewhere. In all case
maturity transformation variable and the interactions between monetary policy and
shocks with respect to excess capital remain unchanged.

The last robustness check includes the interaction between monetary policy a
liquidity indicator in the baseline regression. The reason for this test is to verify i
asymmetric effects of monetary policy due toexcess capital remain relevant; the inter
tions between monetary policy and liquidity do in fact represent a significant facto
obtain:

� lnLit = µi +
4∑

j=1

αj� lnLit−j +
4∑

j=0

βj�MPt−j +
4∑

j=0

ϕjπt−j

+
4∑

j=0

δj� lnyt−j + λXit−1 + φ�(ρi�MP)t−1

+
4∑

j=1

γjXit−1�MPt−j +
4∑

j=1

τjXit−1� lnyt−j

(4)+
4∑

j=1

ψjLiqit−1�MPt−j + Γ Φit + εit .

The results, which are presented in the fifth column ofTable 2, confirm that liquidity
is an important factor in enabling banks to attenuate the effect of a decrease in d
on lending but, at the same time, they leave the distributional effects of excess c
unaltered. The result on liquidity is in line withEhrmann et al. (2003)andGambacorta
(2003); banks with a higher liquidity ratio are better able to buffer their lending act
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against shocks to the availability of external finance by drawing on their stock of l
assets. In these studies, however, bank capital (defined as the capital-to-asset ratio) do
not significantly affect banks’ reaction to a monetary policy impulse. This additiona
therefore allow us to cast some doubt on the use of the capital-to-asset ratio to c
distributional effects in a lending regression because this measure poorly approximate
relevant capital constraint under the Basel standards.

6. Conclusions

This paper investigates the existence of cross-sectional differences in the resp
lending to monetary policy change and output shocks due to differences in capital
We find that well-capitalized banks can better shield their lending from monetary p
shocks as they have easier access to non-deposit fund-raising, in accordance with th
lending channel” hypothesis. In this respect, the bank capital effect is greater for
that are more dependent on uninsured forms of external funds, than for credit coope
We also find evidence of a “bank capital channel” that has stronger effects on cre
operatives whose balance sheets contain a larger maturity mismatch between assets a
liabilities. Bank capital also influences the way banks react to GDP shocks. Agai
credit supply of well-capitalized banks is less pro-cyclical. Capital shocks due to the
sition of a specific solvency ratio (higher than 8 percent) for highly risky banks deter
an overall reduction of 20 percent in lending after two years.

All in all, these results indicate that bank capital is a relevant balance-sheet ite
the propagation of different kinds of shocks to lending, owing to the existence of re
tory capital constraints and imperfections in the market for bank fund-raising. This im
that when evaluating different schemes of regulation on bank capital, one has to co
not only microeconomic effects on banks’ soundness, but also the macroeconom
sequences of those same schemes. This is an important issue to be analyzed in th
amendments of the Basel Accord.
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Appendix A. Description of the database

The data are taken from the Bank of Italy Supervisory Reports database. Loans
include bad debts and repurchase agreements. Liquidity is equal to the sum of cash, sec
rities and repurchase agreements at book value(repos have been considered for statist
reasons). The size of a bank is measured by the logarithm of the total balance sheet. Cap
is given by the ratio of regulatory capital in excess of capital requirements to total as

The cost a bank bears owing to its maturity transformation function stems from
different sensitivity of its assets and liabilities to interest rates. Using a maturity ladde
have:

ρi =
∑

j (χj · Aj − ζjPj )∑
j Aj

∗ 100,

whereAj(Pj ) is the amount of assets (liabilities) ofj months-to-maturity andχj (ζj )

measures the increase in interest on assets (liabilities) of classj due to a one per
cent increase in the monetary policy interest rate (�im = 0.01). Broadly speaking i∑

j (χj · Aj − ζjPj ) > 0, ρi represents the cost per unit of asset banki bears if the mon-
etary policy interest rate is raised by one percentage point. We obtainχi andζi directly
from supervisory regulations on interest rates risk exposure. In particular, the regu
assume, for any given classj of months-to-maturity: 1) the same sensitivity parame
(χj = ζj ) and 2) a non-parallel shift in the yield curve (�im = 0.01 for the first maturity
class and then decreasing for longer maturityclasses). Then, for each bank, after cla
fying assets and liabilities according to their months-to-maturity class, we compute
bank-specific variableρi . This variable was multiplied then by the change in the mone
policy indicator (�im) to obtain the realized loss (or gain) per unit of asset in each quart

In assembling our sample, the so-called special credit institutions (long-term credi
banks) have been excluded since they were subject to different supervisory regu
regarding the maturity range of their assets and liabilities. Nevertheless, special long-te
credit sections of commercial banks have been considered part of the banks to whi
belong. Foreign banks are also excluded as they are subject to their “home country c

Particular attention has been paid to mergers. In practice, it is assumed that the
place at the beginning of the sample period, summing the balance-sheet items of
merging parties. For example, if bank A is incorporated by bank B at timet , bank B is
reconstructed backward as the sum of the merging banks before the merger.

Data are quarterly and are not seasonally adjusted. Three seasonal dummies and a c
stant are also included. For cleaning, all observations for which lending, liquidity and
assets are equal to or less than zero were excluded. After this treatment, the sample
691 banks and 26,108 observations.

An observation has been defined as an outlier if it lies within the top or bottom perc
of the distribution of the quarterly growth rate of lending. If a bank has an outlier in
quarterly growth rate of lending it is completely removed from the sample. The fina
set was composed of 556 banks (20,572 observations).

A “low-capitalized” bank has acapital ratio equal to the average capital ratio below
10th percentile, a “well-capitalized” bank, that of the banks above the 90th perce



456 L. Gambacorta, P.E. Mistrulli / Journal of Financial Intermediation 13 (2004) 436–457

e been

ing

ge-

ica-

w

J.

sel

and.

per

nk-

ent

of

d profit

er.

m-

9–

nks

line. J.

re
54.

nce

t.

91.
Since the characteristics of each bank could change over time, percentiles hav
worked out on mean values.
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