Available online at www.sciencedirect.com

SCIENCE@DIREGT” ]ournal_of

g Financial
Ll Intermediation

ELSEVIER Journal of Financial Intermediation 13 (2004) 436—-457

www.elsevier.com/locate/ffi

Does bank capital affect lending behavior?

Leonardo GambacortaPaolo Emilio Mistrulli

Banca d'ltalia, 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 lending to
monetary policy and GDP shocks owing to differences in bank capitalization. It adds to the literature
by using the excess capital-to-asset ratio, which can better control the riskiness of banks’ portfo-
lios, and by disentangling the effects of the “bank lending channel” from those of the “bank capital
channel.” The results, based on a sample of Italian banks, indicate that bank capital matters in the
propagation of different types of shocks to lending, owing to the existence of regulatory capital con-
straints and imperfections in the market for bank fund-raising.

0 2004 Elsevier Inc. All rights reserved.

JEL classificationE44; E51; E52

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

1. Introduction

The effects of bank capital on lending behavior have been widely debated since the
1988 Basel Capital AccortiHowever, attention has been paid mostly to the effects of
prudential regulation on banks’ risk-taking prof{leewatripont and Tirole, 1994)hile
the macroeconomic consequences of capital requirements have been analyzed less deeply.
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The traditional interpretation of the “bank lending channel” focuses on the effects
of reserve requirements on demand deposits, while no attention is paid to bank eg-
uity: bank capital is interpreted am “irrelevant” balance-sheet iteffriedman, 1991;

Van den Heuvel, 2003}t was only recently that bank capital has been taken into account
in the context of the “bank lending channéRshcraft, 2001; Jayaratne and Morgan, 2000;
Kishan and Opiela, 2000The main finding of this strand of literature is that bank capital
increases the capacity to raise uninsured forms of debt and therefore banks’ ability to limit
the effect of a drop in deposits on lending.

Some other recent papers have analyzedfi@rdnt mechanism to highlight how
bank capital can affect lending behavifBolton and Freixas, 2001; Thakor, 1996;
Van den Heuvel, 2001aJ he distinguishing feature of these papers is that regulatory cap-
ital requirements are explicitly taken into aemt. Given that the gulatory requirement
depends on the amount of loans granted, a link between bank capital and lending is estab-
lished, with the additional assumption that banks face an imperfect market for their equities
(Calomiris and Hubbard, 1995; Cornett and Tehranian, 1994; Myers and Majluf, 1984;
Stein, 1998) The next step is to model how monetary policy shocks affect bank capital-
ization and then bank lending. A possible transmission mechanism is the “bank capital
channel” based on the maturity mismatobtween assets and liabilities, which exposes
banks to interest rate rigi/an den Heuvel, 2001aa monetary tightening lowers banks’
profits and consequently theiapital accumulation; if it is to costly to issue new shares,
banks could reduce lending in order t@et regulatory capital requirements.

Apart from monetary policy shocks, bank lending is also exposed to GDP shocks. One
reason for this is quite obvious: demand for loans is pro-cyclical. However, banks’ lending
supply could behave differently according teetbusiness cycle. One reason is that banks
deeply involved in relationship lending are likely to smooth lending “through the cycle”
(Boot, 2000; Thakor, 2004)n this respect, well-capitalized banks could be in a better posi-
tion to absorb temporary financial difficulties the part of their borrowers. Secondly, bank
capital could be related to ex ante loan portfolio choices. This is consistent with a large
body of the literature that has emphasized a link between bank capital and risk aversion
(Flannery, 1989; Gennotte and Pyle, 1991; Hellman et al., 2000; Kim and Santomero, 1988;
Rochet, 1992)If banks select ex ante a loan portfolio with higher return and risk, their
borrowers are, on average, more financially fragile and thus more exposed to economic
downturns. These considerations raise an important question: how does bank capital influ-
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 empiri-
cal investigations concerning the effect of bank capital on lending mostly refer to the
US banking systen{Furfine, 2000; Hancock et al., 1995; Kishan and Opiela, 2000;
Van den Heuvel, 2001bdnd emphasize the importance of bank capital in influencing lend-
ing behavior. Findings reported in papers on European countries are far from conclusive;
Altunbas et al. (2002andEhrmann et al. (2003)nd that lending of low-capitalized banks
suffers more from monetary tightening, but their results are not significant at conventional
values for the main European countries. There is no conclusive evidence about the effects
of bank capital on the lending behavior of Italian banks. In principle, the financial structure
of the Italian economy during the 1990s makes it more likely that a “bank lending channel”
was at work(Gambacorta, 2003Most empirical papers based on VAR analysis confirm
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the existence of such a channel in Ité\ngeloni et al., 1995; Bitiglione and Ferri, 1994;
Chiades and Gambacorta, 2004; Fanelli and Paruolo, 26@8yever, there is much less
evidence on cross-sectional differences ia ¢ffectiveness of the “bank lending channel”
in Italy, due to capitalizatioR.So far no evidence has been provided on the existence of
the so-called “bank capital channel.”

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

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

The remainder of the paper is organized as follows. The next section reviews the lit-
erature and explains the main link between capital requirements and banks’ loan supply.
Section3 discusses some stylized facts concerning bank capital in Italy. In Settien
describe the econometric model and the data. Sebtfmesents our empirical results and
the robustness checks. The lasttggtsummarizes the main conclusions.

2 seede Bondt (1999)Favero et al. (1999AndKing (2002)who analyze mainly the effect of bank size and
liquidity. Some evidence of the effect of capitaliam on the lending of Italian banks is detectedAlunbas et al.
(2002) Apart from the differences in specification, all thegsger use the BankScope data set which suffers from
two weaknesses. First, the data are collected annuallghwhight be too infrequent to capture the adjustment of
bank aggregates to monetary policy. Second, the samplaliail banks available in BankScope is biased towards
large banks. To tackle these problems our analysissedan the Bank of Italy Supaseory 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 (atlets and
James, 199&)nd to assess the affects of the introduction of i@y capital requirements on US banks’ lending
behavior(Brinkmann and Horvitz, 1995F5ee als@yuso et al. (2004)vho study the relationship between capital
buffers and the business cycle.
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2. Bank capital and the business cycle

There are several theories that explain Hiamk capital could influence the propagation
of economic shocks to lending. All these theories suggest the existence of market imper-
fections that modify the standard results of #edigliani and Miller’s (1958)theorem.
Broadly speaking, if capital markets weperfect a bank would always be able to raise
funds (debt or equity) in ordeto finance lending opportunite and its level of capital
would play no role.

The aim of this section is to discuss how bank capital can influence the reaction of bank
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 two
ways, both based on adverse selection problems that affect banks’ fund-raising: the “bank
lending channel,” which relies on imperfections in the market for bank @drhanke and
Blinder, 1988; Kashyap and Stein, 1995; Kishan and Opiela, 2000; Stein, 48€8he
“bank capital channel,” which concenteaton an imperfect market for bank equiBolton
and Freixas, 2001; Thakor, 1996; Van den Heuvel, 2001a)

According to the “bank lending channel”gkis, a monetary tightening affects bank
lending because the drop in reservable dépasannot be completely offset by issuing
non-reservable liabilities (or liquidating some assets). Since the market for bank debt is
not frictionless and non-reservable liabilities are typically not insured, a “lemon’s premi-
um” has to be paid to investors. In this cakank capital has an important role because it
affects banks’ external ratings and provides the investors with a signal about their cred-
itworthiness. Therefore, the cost of non-reservable funding (i.e. bonds or CDs) would
be higher for low-capitalized banks if they are perceived as more risky by the rfarket.
Low-capitalized banks are therefore more exposed to asymmetric information problems
and have less capacity to shield their credit relationsfipgaratne and Morgan, 2000;
Kishan and Opiela, 2000)

Only if banks had the possibility to issue unlimited amounts of CDs or bonds, which
are not subject to reserve requirements, the “bank lending channel” would be ineffective.
However, even in this case, bank capital could continue to play a role in the monetary
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 imperfect mar-
ket for bank equity: banks cannot easily issue new equity because of the presence of agency
costs and tax disadvantag&salomiris and Hubbard, 1995; Cornett and Tehranian, 1994;
Myers and Majluf, 1984; Stein, 1998%econd, banks are subject to interest rate risk be-
cause their assets typically have a longer mattiniay liabilities (matuity transformation).

4 Empirical evidence has found that lower capital levetsassociated with higher prices for uninsured liabil-
ities. See, for exampl&llis and Flannery (1992andFlannery and Sorescu (1996)

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

6 This is the point of th&komer and Romer (199@yitique.
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Third, banks have to meet regulatory capital requirements linked to credit s{Bydtpn
and Freixas, 2001; Thakor, 1996; Van den Heuvel, 2001a)

The mechanism is the following. After an im&se in market interest rates, a smaller
fraction of loans can be renegotiated compared with deposits (loans are mainly long-term,
while deposits are typically short-term). This means that interest rates on banks’ assets are
slower to adjust to changes in market interest rates than those on banks’ liabilities: banks
therefore bear a loss due to the maturity mismatch between assets and liabilities that re-
duces profits and then capital. If equity is sufficiently low and it is too costly to issue new
shares, banks reduce lending, or else they fail to meet regulatory capital requirements. For
the “bank capital channel” to be at work, it is not necessary that capital requirements are
currently bindingVan den Heuvel (2001a&hows that even if capital is greater than regula-
tory capital requirements, low-capitalizediia may optimally forgo lending opportunities
now in order to lower the risk of capital inadeapyan the future. Thiss interesting because
in reality, as shown in Sectia® most banks are not constrained at any given time.

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

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

7 Credit cooperatives are mutual banks that can aohagersal banksffering all banking services. The main
limitation on their activity is that they have to operatevalentlywith their members and within the area in which
their branches are located (see the 1993 Banking Law, Article 35).

8 A wide stream of literature has analyzed the relatiomieen bank capitalization and risk-taking behavior
reaching different results. In some models based on a portfolio app(Béaimery, 1989; Gennotte and Pyle,
1991) well-capitalized banks are more risk-averse due to the relation between deposit insurance schemes and
the risk-taking attitude of banks: ihé insurance premium undervaluesks risk, the implicit subsidy from
deposit insurance is a decreasing function of capital. ixdlass of models the presence of capital requirements
attenuates the distortions caused lepakit guarantees: banks cannot redaquity below a certain threshold
to obtain the maximum implicit subsidy from deposisimance. The hypothesis that well-capitalized banks are
more risk-averse can also be supported by int¢éimqecapital as a cushion against contingen¢@swatripont
and Tirole, 1994; Repullo, 2000; Van den Heuvel, 200Ts) the contrary, some authotddllman et al., 2000
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From the preceding discussion, we can derive several implications for the subsequent
empirical analysis. The “bank capital chatirend the way banks react to output shocks are
closely related to the amount of capital held in excess of regulatory requirements. Thus, the
traditional capital-to-asset ratio does not discriminate among banks with the same level of
capital facing different regulaty constraints. By contrast, the excess capital-to-asset ratio
takes regulatory requirements directly into account. Furthermore, the analysis of the “bank
lending channel” has highlighted that the capacity of banks to substitute uninsured for
insured liabilities depends onglamount of excess capital, as itis a proxy for banks’ default
risk. In this case as well, the capital-to-asset ratio seems inappropriate, as it is not sensitive
to portfolio risk shifts. The excess capital-to-asset ratio does not suffer from the same
limitation because regulatory capital requirensargry among different kinds of assets that
are classified according to their risk. Finally, institutional characteristics may be a factor in
distinguishing among banks which hold equal excess capital-to-asset ratios. The reason is
that mutual banks are different from other banks in terms of corporate governance and are
subject to specific prudential regulation. To tackle this problem, our analysis distinguishes
between credit cooperatives and ordinary commercial banks.

3. Some simple factson bank capital

In this section we analyze how capital bebevamong different kind of banks since the
implementation of the 1988 Basel Capital Accord. To this aim, we have considered four
distinct samples:

(a) “banks™: all institutions esept credit cooperative banks;

(b) “large banks”: banks with total assetsoab 10 billion Euros in September 2001, credit
cooperative banks excludéd;

(c) “credit cooperatives”;

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

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

Kim and Santomero, 198&ochet, 199pargue that well-capitalized banks are less risk-averse: if capital is more
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 considered
by studies about the monetary policy transmission in the US (€ashyap and Stein, 1995, 200Qvhile it
appears to be similar when compared with those coreiblier studies on other Eurosystem area countries (e.g.,
Ehrmann et al., 20Q3However, banks total assets greater than 10 billion Euros are above the 95th percentile of
the total asset distribution. Thus, in relative terimsy, size cutoff is not different from the one typically adopted
to define large banks. To control for mergers we haverassithat consolidation took place at the beginning of
the period (seéppendix 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 capital
that must be at least equal to the sum of credit and market risk capital requiréfhents.

One of the objectives of the 1988 Basel Accord was to increase banks’ capital levels
(Basel Committee on Banking Supervision, 1998% observe that, for the banking sys-
tem as a whole (“all institutions”), banks’ capital increased during the period that preceded
the implementation of the Basel Accord in Italy and it declined slightly afterwdafids 0).

It seems, therefore, that banks accumulateticseiht capital before risk-based capital re-
quirements were implemented. This apparently supports the thesis that bank capital is
sticky. Large banks’ capital levels have been constantly below the average. By contrast,
credit cooperatives (from now on, simply CCs), who are typically very small, are better
capitalized than other banks. The differentitalpratios among Italian banks could reflect
heterogeneity in their capacity to issue capital. As capital is relatively costly, banks min-
imize their holdings, subject to different “adjustment cost” constraints. This implies that,
ceteris paribus, capital ratios are lower foose banks that incur lower costs in order to
adjust their level of capital. The different levels of capital could also be due to the fact that
as bank size increases, banks can better diversify the risk of capital shocks.

10 As far as credit risk is concerned, capital must beeast equal to 8 percent of the total amount of risk-
weighted assets (solvency ratio). A bank-specific solvency ratio (higher than 8 percent) can be set in the case of
a poor performance in terms of asset quality, liquiditgl amganization. On the contrary, the ratio decreases to
7 percent for banks belonging to a banking group that sn@et3 percent solvency ratio on a consolidated basis.
Capital requirements against market risks are relaiegpén trading positions in securities, foreign exchange and
commaodities.
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Fig. 2. Excess capital (regulatory capital minus minimuoapital requirement) as gercentage of regulatory
capital.

For all kinds of banks the excess capital (the amount that banks hold in excess of the
minimum regulatory capital requirementad always been much greater than zero. This
is consistent with the hypothesis that capital is difficult to adjust and banks create a cush-
ion against contingencies. If we definexgsthe ratio between excess capital (regulatory
capital! minus capital requirement) and regulatory capital this should be close to zero if
banks choose their capital endogenously to meet the constraint imposed by the supervision
authority. In reality, we observe that this ratio is significantly greater than Eégo2). The
cushion is smaller for large banks than for CCs.

Figure 3shows the time evolution of the deviation of excess capital from its “long-
run equilibrium.” For each bank at time ¢, the bank deviation is defined ag =
(xir — Xx;)/ox,, Wherek; is the average bank capitalization amg is the standard devi-
ation of x;,. We can interprek; as a proxy of the “long-run equilibrium” capitalization,
that we assume to be bank specific. We then calculate, at every,ttheeaggregate index
as a mean of each bank index. The indicator is more stable for large banks, more volatile
for CCs. This seems consistent with the view that large banks have easier access to capital
markets and therefore can asljuheir capital ratios more rapidly to loan demand fluctua-
tions; capital is less flexible for smaller banks and for CCs, which are more dependent on
self-financing.

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

1 Regulatory capital is defined as the sum of the so-called “Tier 1" and “Tier 2" capital. “Tier 1” or “core
capital” includes stock issues, reserves and provisionsgeneral banking risks”; “Tier 2” or “supplementary
capital” consists of general loan loss prowiss, hybrid instruments and subordinated debt.
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Fig. 3. The evolution of banks’ capitalizatioNormalized distance from long-run average.

is a necessary condition for the “bank capital channel” to be at work. Since loans typi-
cally have a longer maturity than bank fund-raising, the average maturity of total assets is
longer than that of liabilities. In this case, piedicted by the “bank capital channel,” the
bank bears a cost when interest rates aisethand benefits whethey are lowered. The
difference between the average maturity of assets and that of liabilities is greater for CCs
than for banks. In fact, CCs’ balance sheets contain a larger percentage of long-term loans,
while their bond issues are more modest. For example, at the end of September 2001, the
ratio between medium and long-term loans over total loans was 57 percent for CCs and
46 percent for banks. On the contrary, the ratio between bonds and total fund-raising was,
respectively, 27 and 29 percent. These dédfeces were even greater at the beginning of
our sample period. Therefore, the analysis of the maturity mismatch between assets and li-
abilities indicates that there is room for a “bank capital channel” in Italy with a potentially
greater effect for CCs.

4, The econometric model and the data

The empirical specification, based &ashyap and Stein (1995} designed to test
whether banks with different capital rasioeact differently to a monetary policy or a GDP
shock.

The empirical model is given by the following equation, which includes interaction
terms that are the product of the excess capital with the monetary policy indicator or the
real GDP; all bank-specific characteristicsdess capital, cost due to maturity mismatch,
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Fig. 4. Maturity transformation. Asset and liability months-to-maturity. The asM@‘l)(and liability (MZL)
months-to-maturity statistics have been computed, for each qmaaerfollows:M,A = % ZlN:l Zle &j %’
Ml = % P el d; [L’—fl whereN is the number of banksk the number of months-to-maturity brackets,
d; is the median value of the maturity interval for thith bracket { = 1,2,..., K). a;; (;;) is the amount of
assets (liabilities) belonging to thgh bracket and held by thith bank ( =1,2,...,N). A; = Zf;la,-j and

Li =Y 41

etc.) refer tor — 1 to avoid an endogeneity bias (Sebrmann et al., 200Xashyap and
Stein, 1995, 20002

4 4 4
ALy =pi+ Y ajAINLy_j+ Y BiAMP_j+ > ¢;m;
j:l j:O j:0
4
+ 8 ANy + A Xi—1 + $A(o; AMP),_y
Jj=0
4 4
+ ) VX aAMP,_j + Y 1 Xy a ANy, + Ty + iy @)
Jj=1 j=1

withi =1,..., N (N = number of banks) and=1, ..., T (+ = quarters) and where:
Li; loans of bank in quarterr,
MP; monetary policy indicator,

12 A simple theoretical framework that justifies the choidehe specification is reported in the working paper
version of this studyGambacorta and Mistrulli, 2003)
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Ve real GDP,

T inflation rate,

X measure of excess capital,

Dit maturity transformation cost per unit of asset computed for a one percent increase
in MP,

D;; control variables.

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

The sample used goes from the third quarter of 1992 to the third quarter of 2001. The
interest rate taken as monetary policy indicator is that on repurchase agreements between
the Bank of Italy and credit institutions the period 1992-1998, and theerest rates on
main refinancing operation of the ECB for the period 1999—-2501.

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

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

ECi > EGit/Ais
Xjp = L i —HITI [
T Au (Z N; /

whereEC stands for excess capital (regulategpital minus capital requirements) and
represents total assets. The excess capital indicator is normalized with respect to the av-
erage across all the banks in the respectaragge in order to obtain a variable that sums
to zero over all observations. This has two implications. First, the sums of the interac-
tion termsZ?:l Vi Xit—1AMP;_; andZ?:l 7;Xir—1AIny;_; in Eq. (1), are zero for the
average bankX;;_1 = 0). Second, the coefficieng; andé; 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 variapteMP)
that represents the bank-specific interest rate cost due to maturity transformation. In other
words, this cost depends on the fact that banks’ assets have a longer maturity than their
liabilities. In particular,p; measures the loss per unit of asset the bank suffers when the
monetary policy interest rate is raised by one percentage point. We compute this variable
according to supervisory regulations relgtito interest rate risk exposure that depends
on the maturity mismatch between assets and liabillfieEo work out the real cost, we

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

14 For more details on data sources, variable definitions, merger treatment, trimming of the sample and outlier
elimination, seéppendix A

15 seeAppendix Afor further details.
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therefore multiply this measure by the actual change in interest rates. ThetandP
represents the real cost theabank bears in each quartér.

The set of control variable®;, include a liquidity indicator, given by the sum of cash
and securities to total assets ratio, and a size indicator, given by the log of total assets. The
liquidity indicator is normalized with respect to the mean over the whole sample period,
while the size indicator has been normalized with respect to the mean on each single pe-
riod. This procedure removes trends in size féisthe other bank specific characteristics,
liquidity and size indicators refer to— 1 to avoid an endogeneity bias.

The fact that supervisors can set solverayos greater than 8 percent for highly risky
banks (see Sectid), allows us to test for the effects of capital shocks on bank lending. We
analyze the impact of these supervisory actions on lending in the first two years, computing
different dummy variables (one for each quartollowing the solvency ratio raise) that
equal 1 for banks whose solvency ratio igliner than 8 percent. This allows us to capture
the bank lending adjustment process. A specific dummy variable controls for the effects of
the introduction of market risk capital requirements in the first quarter of 1995.

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

This interpretation is confined on the liability side, where the percentage of bonds is
smaller among credit cooperatives. The high capitalization of CCs is due, at least in part,
to the Banking Law prescription that significantly limits the distribution of net préfits.

Within each category, banks afgisaccording b their capitalt® Low-capitalized banks
are larger and less liquid irrespective of their form (CCs or banks), and they issue more
bonds than well-capitalized banks. While these differences are small among CCs, they are
quite significant among banks. In this group, low-capitalized banks are much larger than
well-capitalized ones; a greater share is listed and belongs to a banking group. Moreover,
they issue more subordinated debt to meet regulatory capital requirements. This evidence
is consistent with the view that, “ceteris paribus,” capital is lower for those banks that
bear less adjustment costs from issuing new (regulatory) capital; large and listed banks can
more easily raise funds on the capital market and they can also rely on a wider set of “quasi-
equity” securities that can be issued to meeitahpequirements (e.g. subordinated debts);
at the same time, banks belonging to a group can better diversify the risk of regulatory
capital shortage if an internal capital market is active at the group 1@vel.

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

17 According to Article 37 of the 1993 Banking Law, “Balne di credito cooperativo must allocate at least 70
percent of net profits for the year to the legal reserve.”

18 A “low-capitalized” bank has a capital ratio equal teetaverage capital ratio below the 10th percentile, a
“well-capitalized” bank, that of the banks above the 9G¢hcentile. Since the characteristics of each bank could
change over time, percentiles are worked out on mean values.

19 Houston and James (1998)alyze the role of internal capital mat&dor banks’ liquidity management. The
same framework could be applied to &uf the regulatory capital constnaiamong banks belonging to the same
group. See alsAshcraft (2001)
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Table 1 QG,)

Data description (September 2001) g

Credit cooperativés Bank® All institutions §

well low total  well low large total large well low total _5'

capitalized capitalized capitalized capitalized bank$ bank§ capitalized capitalized ﬁ

Number of banks 40 40 401 15 16 5 155 31 55 55 556 =

Banks belonging to a grodp 0.0 0.0 00 333 81.3 100.0 71.6 100.0 0.0 67.9 199 &

Listed banks 0.0 0.0 0.0 0.0 375 80.0 16.8 51.6 0.0 26.8 47 £
Mean total assets 160 246 205 1,341 12,468 35,766 9,160 38,581 159 12,486 2,692
Fraction of total assets 7.8 12.0 100.0 1.4 14.1 12.6 100.0 84.2 0.6 45.9 10080

Liquidity/total assets 335 21.2 253 23.1 18.7 15.3 18.2 13.9 34.3 17.8 23.3;

Loans/total assets 39.7 50.0 47.8 40.8 51.3 50.1 49.4 50.0 39.3 51.1 48.3

Bad loans/total loans 7.5 6.4 5.6 11.2 8.3 10.0 6.2 43 6.6 5.7 5.8 5
Bonds issues/deposits and bonds 18.5 30.6 27.3 235 30.7 31.7 29.3 335 19.5 29.4 2%9

Subordinated debt/capital requirement 00. 2.9 2.3 1.1 19.3 16.9 144 34.1 1.4 16.7 57 B,

Excess capital/ total assets 16.0 25 7.9 10.4 1.6 1.3 4.3 3.3 15.4 2.0 6.99_—J
Share of branches located in the South of Italy 32.5 26.7 22.6 26.3 28.6 44.7 22.6 19.9 34.5 27.4 2%6

Source: Bank of Italy supervisory reports.
Notes Excess capital is given by regulatory capital minus capital requireaméntlow-capitalized” bank has a cégl ratio (excess capital/total asspequal to the
average capital ratio below the 10th percentile, a "well-capitalibeshk has the average capitalization above the 90th percentile.

@ Credit cooperatives are mutual banks that can act as universal banksgfiirbanking services. The main limitation on their activity is that thaye to operate
prevalently with their members and withihe area in which their branches aredted (see the 1993 Banking Law, Art. 35).

b All institutions except credit cooperatives. Thi®gp typically includes limited companies banks.

€ Large banks are non cooperative banks with totaltaggeater than 10 billions of Euro at September 2001.

d Only groups with more than a bank member are considered.

LS¥—9¢€¥ (¥002) €T uonelpaw
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5. Theresults

The results of the study are summarizedable 2 which presents the long-run elas-
ticities of bank lending with respect to the variabf¥sThe models are estimated using
the GMM estimator suggested Byellano and Bond (199hich ensures efficiency and
consistency provided that the models are not subject to serial correlation of order two and
that the instruments used are valid (which is tested for with the Sargan test).

The existence of asymmetric effects dudsmk capital is tested considering three sam-
ples. The first includes all institutions and is our benchmark regression; the other two
consider separately credit cooperatives and banks. These sample splits are intended to cap-
ture differences in the bank capital effect due to the institutional characteristics discussed
in the previous sections.

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

The response of bank lending to a monetary policy shock has the expected negative
sign. These estimates roughly imply that a one percent increase in the monetary policy
indicator leads to a decline in lending of around 1.2 percent for the average bank. The
effect is higher for CCs+{1.8 percent) than for banks-0.2 percent), which have more
access to markets for non-reservable liabilitie® (tivo institutional categories are statis-
tically different; p-value: 0.00). Testing the null hypothesis that monetary policy effects
are equal among banks with different capital ratios is identical to testing the significance
of the long-run coefficient of the interactidoetween excess capital and the monetary pol-
icy indicator (see “Excess capitalMP” in Table 9. As predicted by the “bank lending
channel” hypothesis, the effects of a monetary tightening are smaller for banks with higher
capital ratios, which have easier access tmsunied financing. Bank capital interaction
with monetary policy is very high (in absolute value) for banks that are more dependent
on non-deposit forms of external funds. It is worth noting that well-capitalized banks are

20 For example, the long-run elasticity of lending witlspect to monetary policy for the average bank (reported
on the second row cfable 2 is given byZ?zo Bj/(1— Z?:l“j)' while that with respect to the interaction

term between excess capital and monetary policy is representEd?@i vj/(L— Z?zla ) (see the fifth row

of Table 2. Therefore the overall long-run elasticity of the dependent variable with respect to monetary policy
for a well-capitalized bank (seventh row) is worked out throdgfl_o 8; /(1 — ¥-5_yej) + Y5 1 v;/(1 -
Z‘}:la j)Y>0,90, where X g gg is the average excess capital for the banks above the 90th percentile. It is
interesting to note that testing the null hypothesig thanetary policy effects are equal in the long-run among
banks with different capitalization corresponds to testifg Z‘}:l vj = 0 using ther-statistic Oij!:l yjin

Eq. (1). Standard errors for the long-run effect have bapproximated with the “delta method” which expands

a function of a random variable with a one-step Taylor expan@®ao, 1973)In order to increase the degree of
freedom we drop the contemporaneous and the fougthtizat are statistically not different from zero.



Table 2
The effect of bank capital on lending

(01514

Dependent variable: quarterly Model 1 Model 2 Model 3
growth rate of lending baseline regression T-dummies liquidityx MP -
All institutions Credit cooperatives Banks All institutions All institutions QGJ)
Coeff. S. error Coeff. S. error Coeff. S. error Coeff. S. error Coeff. S. erroé
Excess capitalf(— 1) 0.744™ 0.021 1058™ 0.032 a516™ 0.057 a763™ 0.019 a713™ 0.022 §
Long-run coefficients =
monetary policy KP) —1.187™ 0055  —1.778™ 0.091 —0.201 Q175 —1.282™ 0.056 o
real GDP growth ®68™ 0.087 a751™ 0.125 1350™ 0.295 a7o8™ 0.087 m
inflation (CPI) 1127™ 0.116 2558™ 0.175 a654" 0.300 1312™ 0.117 =
Excess capital MP =
(“bank lending channel”) 810™ 0.906 8921™ 1.119 11790™ 2.139 7363™ 0.714 6445™ 0.984 =
MP effect for: 153
well capitalized banks —0.622™ 0092  —1.108™ 0.110 Q176 Q196 —0.799™ 0.100 5
poorly capitalized banks —1.615™ 0066  —2.159™ 0.122 —0.968™ 0.208 —1.628™ 0.068 o
Maturity transformation S
(“bank capital channel”) —1.173" 0053  —1.287™ 0.091 —0.597™ 0154  —0.933™ 0011  —-1.116™ 0.054 3
Excess capitat GDP %
(“risk-aversion effect”) —4.894™ 1621 —11.620™ 2517 —2.304 4092  -4.336™ 1274  —-4375" 1.650 o
GDP shock effect for: El
well capitalized banks 823" 0145  —0.126 Q217 1278™ 0.329 a38d” 0.153 %
poorly capitalized banks .930™ 0.122 1246™ 0.180 1491™ 0.388 943™ 0.122 2
Liquidity * MP o
(“bank lending channel”) 0.997™ 0.248 g
MP effect for: 5
liquid banks —1.124™ 0.058 >
low liquid banks —1.416™ 0.071 8
Specific capital requirements =
(total effect after two years) ~ —0.199™ 0023  —0.188™ 0.016 —0.186" 0107  —0.215™ 0021  —0.243" 0.023 Q
Sargan test (2nd step:value) 0115 Q146 Q092 Q112 Q106 é
MA(1), MA(2) (p-value) 0000 Q129 Q000 Q077 Q000 Q479 Q000 Q103 Q000 Q131 N
No. of banks, no. of observations 556 17792 401 12795 155 4960 556 17792 556 17792

(continued on next paye
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Table 2 Continued

Notes Model 1 is given by Eq(1), which includes interaction termsahare the product of the excess capital
with the monetary policy indicator and the real GDP. ®eat dummies are also included. Four lags have been
introduced in order to obtain white noise residuals d¢htags in the liquidity regression). The models have
been estimated using the GMM estimator suggestedrbilano and Bond (1991)hich ensures efficiency and
consistency provided that the models are not subjestt@l correlation of order two and that the instruments
used are valid (which is tested for with the Sargan test). In the GMM estimation, instruments are the second and
further lags of the growth rate of loans and of the bangesfir characteristics included in each equation. Inflation,
GDP growth rate and the monetary policy indicator are ieied exogenous variables. The sample goes from the
third quarter of 1992 to the third quarter 2001. Model 2 excludes “direct” macro contr@l; = ¢; =4§; =0)
and includes a set of time dummies. Model 3 includes theraction between monetary policy and the liquidity
indicator.

* Significant at the 10% level.

" ldem., 5%.
™ 1dem., 1%.

completely insulated from the effect of a monetary tightening (the effect is statistically not
different from zero).

The effects of the so-called “bank capital channel” are reported on the eighth row of
Table 2 The coefficients have the expected negative sign for all banks groups. These esti-
mates roughly imply that an increase of one basis point in the ratio between the maturity
transformation cost and total assets determines a reduction of 1 percent in the growth rate
of lending. The reduction is bigger for CCs, which as we saw in Se&idypically have
a greater maturity mismatch between assetd liabilities (the ndlhypothesis of equal
coefficients between CCs and banks can lpected at a 5 percent level of confidence;
p-value: 0.01). In fact, CCs balance sheets contain a larger percentage of long-term loans,
while their bonds issues are lower. Another possible explanation for the greater effect of
the “bank capital channel” for CCs could be they make less use of derivatives to shield
the maturity transformation gap. With these characteristics CCs bear a higher cost when
interest rates are raised and obtain a higher gain in the opposite case. To sum up, the results
indicate the existence of a “bank capital ohal” that amplifies the effects of monetary
policy changes on bank lending and asymmetric effects of such a channel among different
institutional categories of banks.

The models show a positive correlation between credit and output. A one percent in-
crease in GDP (which produces a loan demand shift) causes a loan increase of around
0.7 percent. The effect is smaller for CCs tHanbanks because they operate prevalently
within the area in which their branches aredted and national conditions are less relevant
(Padoa-Schioppa, 1996he two categories are statistically differept¢alue: 0.00).

The interaction term between GDP and exceapital is negative. This means that the
credit supply of well-capitalized banks is less dependent on the business cycle. This result
is consistent wittKwan and Eisenbeis (1997Avhere capital is found to have a signif-
icantly negative effect on credit risk. On theoretical grounds our findings are consistent
with Flannery (1989andGennotte and Pyle (1992ho argue that well-capitalized banks
are more risk-averse and select ex ante borrowers with less probability of defaulting. This
means that when an economic downturn occurs well-capitalized banks suffer less loan
losses and their capital changes less with respect to other banks.



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

The link between bank-capital and risk attitude needs to be discussed in relation to
the institutional categories of Italian banks. From the sample split it emerges that the het-
erogeneity coefficient is highly significant only for CCs, while there are no significant
asymmetric effects for the banks. CCs retain high levels of excess capital and are more
able to insulate the effect of an economic downturn. A¥ander VVennet and Van Land-
shoot (2002)capital provides banks with a structural protection against credit risk changes.
Looking atTable 2 well-capitalized CCs are able to cpiately insulate the effect of GDP
on their lending. On the other hand, the effect of a 1 percent increase in GDP on lending
does not differ too much between well-capitald (1.3 percent) and low-capitalized banks
(1.5).

As explained in Sectiod, the effects of the introduction of a specific (higher than
8 percent) solvency ratio on bank lending are captured by dummy variables. In this case
there are not many differences among the three samples. The introduction of a specific sol-
vency ratio determines an overall reduction of around 20 percent in bank lending after two
years. The magnitude of the effect is similar among bank institutional categpriedie:

0.79 percent) because higher solvency ratios have been mostly imposed on small risky
banks. In other words, these banks, indepatigef the institutional category they belong,

have very similar management weakness. This result seems consistent with the hypothesis
that issuing new equity can be very costly for highly risky banks owing to high agency
costs in the market for equitCalomiris and Hubbard, 1995; Cornett and Tehranian, 1994;
Myers and Majluf, 1984; Stein, 1998)

5.1. Robustness checks

We test the robustness of these results in several ways. The first test introduces ad-
ditional interaction terms by combining excess capital with inflation, making the basic

Eq.(2):
4 4 4

AINL;; = u; —i—ZOleH’ILit,j —i—Z,BjAMP;,j —i—Z(pjT[t,j
J=1 Jj=0 Jj=0

4
+3 8,8y + A Xir-1 + Ao AMP),_1

Jj=0
4 4
+ Z ViXii—1AMP,_; + Z T Xir—1AIny,_;
j=1 j=1
4
+ijxitfl77t7j + TP + it (2
j=1

The reason for this test is the possible presence of endogeneity between inflation and
bank capital; excess capital may be higher when inflation is high or vice versa. However,
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when the test is performed nothing changes and the interaction is always not significant
(Z;Ll ¥; turns out to be statistically not different from zero).
The second robustness check comparegBqvith the following model:

4
AINLis=pi+ Y ajAINLis—j + 6 + 2 Xii-1+ $A(oi AMP),_1

j=1
4 4

+ Z Vi Xit—1AMP;,_; + Z T Xy 1 ANy, j + T'dy + ey, (3
j=1 j=1

where all variables are defined as before, @ndkescribes a complete set of time dummies.

This model completely eliminates time variation and tests whether the three pure time
variables used in the baseline equation (prices, income and the monetary policy indicator)
capture all the relevant time effects. The results are presented in the fourth coldian of
ble 2 Again, the estimated coefficients on ihéeraction terms do not vary much between
the two kinds of models, which testifies to the reliability of the cross-sectional evidence
obtained.

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

The last robustness check includes the interaction between monetary policy and the
liquidity indicator in the baseline regression. The reason for this test is to verify if the
asymmetric effects of monetary policy duedrcess capital remain relevant; the interac-
tions between monetary policy and liquidity do in fact represent a significant factor. We
obtain:

4 4 4
AINL;j; = w; + ZO{jAmL”_j +Z,3jAMP;_j + Z(pjﬂ;_j
j=1 j=0 j=0

4
+3 8, AN Y+ 2Xi_1+ A (o AMP),_y
j=0
4 4
+ Z Vi Xit—1AMP;,_; + Z T Xir—1AIny,_;
j=1 j=1

4
+ Y YjLigi 1AMP;_j + TP + &y (4)
j=1

The results, which are presented in the fifth columialble 2 confirm that liquidity
is an important factor in enabling banks to attenuate the effect of a decrease in deposits
on lending but, at the same time, they leave the distributional effects of excess capital
unaltered. The result on liquidity is in line witBhrmann et al. (2003nd Gambacorta
(2003) banks with a higher liquidity ratio are better able to buffer their lending activity
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against shocks to the availability of external finance by drawing on their stock of liquid
assets. In these studies, however, bank chftfined as the capital-to-asset ratio) does
not significantly affect banks’ reaction to a monetary policy impulse. This additional test
therefore allow us to cast some doubt on the use of the capital-to-asset ratio to capture
distributional effects in a lendg regression because this measure poorly approximates the
relevant capital constraint under the Basel standards.

6. Conclusions

This paper investigates the existence of cross-sectional differences in the response of
lending to monetary policy change and output shocks due to differences in capital ratios.
We find that well-capitalized banks can better shield their lending from monetary policy
shocks as they have easier access to non-deposit fund-raising, in accordance with the “bank
lending channel” hypothesis. In this respect, the bank capital effect is greater for banks
that are more dependent on uninsured forms of external funds, than for credit cooperatives.
We also find evidence of a “bank capital channel” that has stronger effects on credit co-
operatives whose balance sheets contain atamaturity mismatch between assets and
liabilities. Bank capital also influences the way banks react to GDP shocks. Again, the
credit supply of well-capitalized banks is less pro-cyclical. Capital shocks due to the impo-
sition of a specific solvency ratio (higher than 8 percent) for highly risky banks determine
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 item for
the propagation of different kinds of shocks to lending, owing to the existence of regula-
tory capital constraints and imperfections in the market for bank fund-raising. This implies
that when evaluating different schemes of regulation on bank capital, one has to consider,
not only microeconomic effects on banks’ soundness, but also the macroeconomic con-
sequences of those same schemes. This is an important issue to be analyzed in the future
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 do not
include bad debts and repurchase agreemeigsidity is equal to the sum of cash, secu-
rities and repurchase agreements at book vakos have been considered for statistical
reasons). The size of a bank is measured bydparithm of the total balance sheet. Capital
is given by the ratio of regulatory capital in excess of capital requirements to total asset.

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

p__Zj(Xj'Aj—C./P./)
l E:/Aj

where A ;(P;) is the amount of assets (liabilities) gfmonths-to-maturity ang;; (¢;)
measures the increase in interest on assets (liabilities) of gladse to a one per-
cent increase in the monetary policy interest ratg,{ = 0.01). Broadly speaking if

> ;j(xj-Aj—¢jPj) >0, p; represents the cost per unit of asset babkars if the mon-
etary policy interest rate is raised by one percentage point. We ojtand ¢; directly

from supervisory regulations on interest rates risk exposure. In particular, the regulations
assume, for any given clagsof months-to-maturity: 1) the same sensitivity parameter
(x; = ¢;) and 2) a non-parallel shift in the yield curvag, = 0.01 for the first maturity
class and then decreasing for longer matucigsses). Then, for each bank, after classi-
fying assets and liabilities according to their months-to-maturity class, we computed the
bank-specific variablg; . This variable was multiplied then by the change in the monetary
policy indicator (Ai,,) to obtain the realized loss (or gaiper unit of asset in each quarter.

In assembling our sample, the so-callegapl credit institutbns (long-term credit
banks) have been excluded since they were subject to different supervisory regulations
regarding the maturity range of their assetd Aabilities. Nevertheless, special long-term
credit sections of commercial banks have been considered part of the banks to which they
belong. Foreign banks are also excluded as they are subject to their “home country control.”

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

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

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

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

* 100,
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Since the characteristics of each bank could change over time, percentiles have been
worked out on mean values.
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