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1 Introduction

While it seems to be consensus in macroeconomics that monetary policy has real effects — at
least in the short run — it is still an open question how monetary policy is transmitted to real vari-
ables. The stylized facts of the monetary transmission mechanism that are widely accepted can
be described as follows: the effects of a contractionary monetary policy impulse are (Favero,
2001, p. 97) “(1) the aggregate price level initially responds very little; (2) interest rates initially
rise; (3) aggregate output initially falls, then follows a j-shaped response with a zero long-run
effect of the monetary impulse.” The purpose of this paper is to contribute to the empirical
investigation of the “black box” (Bernanke and Gertler, 1995) through which monetary policy
effects are transmitted to real variables like prices and output. Following the monetary policy
research program characterized by Christiano et al. (1999), further knowledge about this black
box is necessary for the development and evaluation of structural theoretical models of the
transmission mechanism. Theoretical models usually form the basis for the assessment of mon-
etary policy effects on welfare and should therefore reflect the relevant structural relationships
of the respective economy. Concentrating on Germany and the period of monetary targeting by
the Bundesbank from 1975 to 1998, it is demonstrated here that the money view is not able to
explain the transmission of monetary policy exclusively. Moreover, empirical evidence for the
effectiveness of a credit channel is presented. Since Germany is the largest Euro area country
(31% of Euro area GDP in 2000), these results are highly relevant for the analysis of monetary
policy transmission in the Euro area. Modeling the credit channel with aggregated historical
Euro area data seems not to be a promising approach at this stage because the financial struc-
ture of the respective countries have been and are still heterogeneous, see for example Kashyap
and Stein (1997) or de Bondt (2000).

The methodological approach followed in this paper is to analyze the effects of monetary policy
shocks in vector autoregressive (VAR) models. Monetary policy shocks are defined as that part
of variability in the monetary policy instrument that cannot be explained by a monetary policy
reaction function. This approach is motivated and explained in Christiano et al. (1999) who
propose (p. 68) to analyze the effects of monetary policy shocks and not simply of monetary
policy actions “because monetary policy actions reflect, in part, policy makers’ responses to
nonmonetary developments in the economy. A given policy action and the economic events
that follow it reflect the effects ddll the shocks to the economy.”

The credit channel is one possible explanation of the transmission mechanism among numer-
ous other theories about the transmission of monetary polidye main arguments for a credit
channel to be operative are: Due to market imperfections like informational problems and trans-
action costs, agency costs play an important role on credit markets and influence the decision
whether expenditures are financed internally, for example by retained earnings of firms, or ex-
ternally by raising credit. The credit market is characterized by the existence of financial inter-
mediaries, especially banks, which contribute to the efficient allocation of resources. Therefore,
credit can be raised directly, for example by emitting shares or bonds, or indirectly by borrowing
from banks. According to the credit view, monetary policy does systematically affect the condi-
tions on the credit market and therefore the ability of firms and households to finance expendi-

1 Citing the finding of Clarida et al. (1998) that shocks are only responsible for 1.9% of the variance of the
monetary policy instrument in Germany (1.6% in the U.S. and 3.0% in Japan), McCallum (1999) offers a
critical discussion of this approach.

2 An overview can be found in the 1995 fall issue of the Journal of Economic Perspectives, where Mishkin
(1995) distinguishes between interest rate channel (money channel/view), exchange rate channel, other asset
price effects, and credit channel.



tures. The theoretical foundations of the credit channel are reviewed in section 2. Two versions
of the credit view are considered in this paper: the bank lending channel, which stresses the
importance of banks, and the broad credit channel, which is more general and relies solely only
the existence of agency costs. Whether such a credit channel has been operative in Germany
in the period from 1975 to 1998 and how relevant it is for the explanation of the transmission
mechanism is analyzed empirically in section 3. By considering not only quantities but also fi-
nancing costs in terms of interest rate spreads it can be shown that credit channel elements have
been important in the monetary policy transmission chain in Germany up to 1998. Conclusions
that follow from the empirical evidence are drawn in section 4.

2 Theoretical Foundations of the Credit Channel

2.1 Credit Market Imperfections

Only the most important aspects that are relevant for the empirical analysis in section 3 are
reviewed heré.

An important function of the credit market is to support the efficient allocation of savings and
investment. Two forms of credit can be observed: direct credit and indirect credit via finan-
cial intermediaries. Reasons for the existence of financial intermediaries are credit market
imperfections like incomplete and asymmetric information as well as transaction costs. The
informational problems on credit markets can be divided into adverse selection, moral hazard,
monitoring costs (or costly state verification), and agency costs, see Walsh (1998, chapter 7).
Due to these informational problems, external financing is more expensive for a firm than inter-
nal financing using retained earnings. The cost differential is called external finance premium
(EFP).

Given these credit market imperfections, the existence of financial intermediaries can be ex-
plained with the availability of a technology reducing the negative impact of these imperfections
together with economies of scale or scope, see de Bondt (2000, p. 3). Following Bhattacharya
and Thakor (1993), financial intermediaries fulfill two functions: firstly, they match borrowers
and lenders without changing the characteristics of the credit contract (brokerage) and secondly,
they transform risk and/or maturity (qualitative asset transformation). Therefore, financial in-
termediaries play an important role for the efficient allocation of resources. In Germany, the
average share from 1975 to 1998 of financial intermediaries in gross value added is about 5%.
Lending from banks has an average share of 24.5% in total financing and of 67.5% in external
financing.

In the following, more details about two distinct versions of the credit channel — the bank
lending channel and the broad credit channel — are provided. They have in common that the
simplifying assumption made in models of the interest rate channel or money view that it is
sufficient to consider only two financial assets, money and non-money (mostly named bonds),
is relaxed.

3 More details can be found in these studies: Gertler (1988) reviews the interdependence of financial structure
and aggregate economic activity, Bernanke and Gertler (1995) analyze the sequence of effects within the credit
channel, Freixas and Rochet (1997) give a broad and detailed overview of the microeconomics of banking, and
Walsh (1998, chapter 7) stresses macroeconomic consequences of credit market imperfections.



2.2 Bank Lending Channel and Broad Credit Channel

A standard model describing the bank lending channel is the model of Bernanke and Blinder
(1988). It is an extension of the well known IS-LM model. While the traditional IS-LM model
consists of three markets (bonds, money, goods), the model of Bernanke and Blinder comprises
the bank lending market as an additional market, that is, credit equals bank lending (loans).
Being an extension of the IS-LM model, the Bernanke and Blinder (1988) model describes only
the demand side of an economy with given price level. However, this model can be augmented
by an aggregate supply equation like the usual IS-LM model.

In the Bernanke and Blinder (1988) model, the supply of loans depends negatively on the inter-
est rate on bondsz, positively on the interest rate on load®;, and on the amount of deposits

not needed to fulfill the reserve requirement. The demand for loans depends negatively on the
interest rate on loans, and positively on the interest rate on bonds, and positively on the scaling
variable incomey . In this framework, it can be shown that the interest rate on loans depends
positively on income and the interest rate of bonds, and that restrictive monetary policy increases
the interest rate on loans and decreases income. A graphical representation of this model can
be found in figure 1. The LM-curve shifts to the upper left in case of a restrictive monetary
policy shock. Due to increasing financing costs, the CC-curve (credit and commodities), which
corresponds to the IS curve in the IS/LM model, is shifted downwards by restrictive monetary
policy. Therefore, restrictive monetary policy is followed by a decrease in income. The effect
on the interest rate of bondg, is not clear a priori, but in contrast to the IS/LM model it is

well possible that? does not change at all or does increase to a lower extent than in the IS/LM
model. This would imply that the spread between the interest rate on loans and the interest rate
of bonds,R* — R is increasing.

The effectiveness of the bank lending channel depends on three conditions: (1) Loan supply has
to react on monetary policy actions. (2) Non-banks have no perfect substitutes for bank loans.
(3) Expenditures of firms and households depend on loan supply. These conditions are analyzed
empirically in section 3.

The Bernanke and Blinder (1988) model has been extended in several respects. Kashyap et al.

Figure 1: Effects of Restrictive Monetary Policy in the Bernanke and Blinder (1988) Model
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(1993) consider explicitly the financing decision of firms anard&sen and Klovland (2000)
augment the model by a supply side equation as well as a foreign sector.

While the bank lending channel focuses on the importance of bank lending, the broad credit
channel stresses all kinds of external finance. The broad credit channel is modeled by Bernanke
et al. (1996, 1999), for example. They specify a dynamic stochastic general equilibrium model
with nominal rigidities, monopolistic competition, and a credit market with heterogenous agents.
Firms have the possibility to borrow from banks or to finance their investments by internal fi-
nancing. In the Bernanke et al. (1999) model, the external finance premium depends on net
wealth of the borrower: the larger net wealth, the smaller are the creditor's monitoring costs
and the difference between external and internal financing costs. As a consequence, the exter-
nal finance premium follows movements in net wealth which is reduced by restrictive monetary
policy: if interest rates increase due to restrictive monetary policy, interest payments increase
and present values of collateral decrease. The variation in the external finance premium enlarges
the effects of monetary policy and is therefore also called financial accelerator.

A broad credit channel is operative if (1) monetary policy has a systematic impact on the exter-
nal finance premium and if (2) the external finance premium does systematically affect aggre-
gate output. The empirical relevance of these conditions is studied in section 3.

It should be noticed that the existence of a credit channel has also microeconomic implications.

Under the assumption that the external finance premium of different borrowers is not affected to

the same extent, monetary policy does not only change the aggregate level of economic activity
but also the income distribution. It is for example reasonable to assume that the monetary policy
effect on the financing costs of households and small firms is stronger than on the financing costs
of big firms. These microeconomic aspects are not considered here.

3 Empirical Analysis of the Credit Channel

3.1 General Aspects and International Evidence

The majority of contributions to the empirical analysis of the credit channel are concerned with
U.S. data. Bernanke (1983) analyzes the role of credit markets during the Great Depression,
Kashyap and Stein (1994, 1995, 2000) study the bank lending channel in the USA, King (1986)
investigates credit rationing, Kashyap et al. (1993), Bernanke et al. (1996), Friedman and Kut-
tner (1992, 1993, 1998) and Oliner and Rudebusch (1996) explore the broad credit channel.
Overviews are given by Gertler and Gilchrist (1993) and Hubbard (2001). The empirical re-
sults are far from being unambiguous but the majority of the cited studies finds evidence that
the credit channel plays an important role in the transmission of monetary policy. The main
problem that is discussed in the empirical literature on the credit channel is the identification
of supply and demand side effects on credit markets. While building on a decrease in credit
supply, a decrease in the quantity of credit after a restrictive monetary policy action is neither
necessary nor sufficient for the existence of a credit channel. It is not necessary because the
decline in credit supply can solely result in an increase in the interest rate on credit without
affecting its quantity. This would be the case if the demand for credit was perfectly unelas-
tic. A decline in the quantity of credit is not sufficient because it can also be totally demand
determined, this would be compatible with the traditional money view. Different approaches
to distinguish between supply and demand effects on the credit markets have been proposed.
Kashyap et al. (1993) assume that a change in the demand for credit affects all kinds of external
finance, that is, indirect borrowing from banks (loans) and direct borrowing on capital markets



(commercial papers) in the same way while supply side effects should only reduce the supply
of loans. Therefore, they interpret a decrease in the loan-paper ratio as a decrease in loan sup-
ply. Bernanke et al. (1996) make use of the distributional aspects mentioned above in order to
identify supply side effects. According to this view, different reactions of lending to heteroge-
nous borrowers indicate supply effects assuming that the reaction of credit demand is identical
across borrowers. Friedman and Kuttner (1993) stress that not only changes in quantities but
also changes in prices should be analyzed in order to identify supply and demand side effects.
This suggestion is followed here in a way that is described in section 3.

3.2 Institutional Framework and Evidence for Germany

External financing had approximately a share of 37% in total financing of German firms from
1975 to 1998. The share of external financing tends to increase in recessions (early 80s and
early 90s). As a consequence, interest payments of firms have increased in these periods, too.
This had a negative impact on cash flow. As mentioned before, lending from banks has an
average share of 24.5% in total financing and of 67.5% in external financing.

The role of external finance and the existence of a credit channel in Germany is analyzed in
studies by Guender and Moersch (1997), Worms (1998), Ehrmann and Worms (2001), von
Kalckreuth (2001), Kisewig et al. (2001) and #ppers (2001), for example. International
comparisons are conducted by Kashyap and Stein (1997) and de Bondt (2000). Guender and
Moersch (1997) apply three vector autoregressive (VAR) models using monthly data from 1969
to 1994 to analyze the existence of a bank lending channel in Germany. Their main finding
Is that short-term bank lending does increase after a restrictive monetary policy shock. This
response is rationalized by the so-calldalisbankbeziehurtgetween German banks and firms.
However, an increase in the share of short-term lending in response to increasing interest rates
is not surprising: if borrowers expect that interest rates will decrease again it is only rational to
borrow at short maturities. Furthermore, it is total credit that is relevant for the credit channel
not only short-term lending. Additionally, Guender and Moersch (1997) have chosen a sample
period including the structural change of monetary policy in 1975, which is not considered
in their empirical analysis. Similar results are reported by Worms (1998) who states that the
bank lending channel is only of secondary importance. Ehrmann and Worms (2001) do also
support this view. They analyze the response of bank loans with respect to the size of the bank.
Only for small banks that are not organized in credit cooperatives or the savings banks sector a
negative response of loans to restrictive monetary policy shocks is found. This group of banks,
however, has only a share of 2.9% in total bank lending (Ehrmann and Worms, 2001, table
2). Big banks and banks that are organized in credit cooperatives or the savings bank sector
respond to a restrictive monetary policy shock not by decreasing loans but by decreasing net
foreign assets. All these results are based on the analysis of banks’ balance sheet items without
considering interest rates on loans. An alternative approach is followed by von Kalckreuth
(2001) who specifies an autoregressive distributed lag model for investment spending. His
results also indicate that the credit channel is only of minor importance compared to the interest
rate channel. Evidence that is supportive for a credit channel is reportedilsgwdg et al.

(2001), Kuppers (2001) and Worms (2001).uldewig et al. (2001) estimate a cointegrated
VAR and identify the demand for and supply of loans as cointegrating vectappéds (2001)

uses heterogenous groups for identification, and Worms (2001) conditions his panel data study
on the ratio of short-term interbank deposits to total assets.

De Bondt (2000, chapter 5) compares financial structure and monetary policy transmission in



six countries of the European Union. He estimates vector error correction models for quarterly
data from 1980 to 1996 using gross domestic product as demand proxy and total private wealth
as supply proxy. The impulse responses reveal that loans and wealth react immediately after a
monetary policy shock while GDP reacts with a lag of approximately one year. Therefore, the
reaction of loans is interpreted as supply effect supporting the credit view.

Kashyap and Stein (1997) describe the financial structure in the countries participating in the
European Monetary Union. An important result is that the financial structure in these countries
is still quite different. Therefore, it can be assumed that the relevance of the credit channel varies
across countries which has to be considered by the European Central Bank when conducting a
single monetary policy for the Euro area.

3.3 A Benchmark Model of the Interest Rate Channel

Before addressing the bank lending channel and a broad credit channel in Germany, a bench-
mark model of the traditional money view, i.e. the interest rate or money channel, is discussed.
This view can be described with an IS-LM model augmented by a supply side. This class of
models is characterized by the assumption that money and bonds are the only relevant financial
assets. The stylized transmission process according to this view is as follows. Monetary pol-
icy actions change the nominal short-term interest rate by changing the nominal money supply.
This change is transmitted to the real long-term interest rate that is relevant for investment de-
cisions of firms as well as for certain consumption decisions (durable goods, for example). A
restrictive monetary policy shock that increases the nominal short-term interest rate increases
the real long-term rate. Subsequently, investment and consumption spending decrease and total
output decreases, too.

The conditions for the money channel to be effective are, see also Hubbard (2001):

1. There are no perfect substitutes for base money such that the central bank can influence
the development of the nominal money stock by increasing or decreasing the amount of
base money. This condition has been satisfied in Germany from 1975 to 1998 due to the
reserve requirement.

2. The central bank is able to control not only the nominal short-term interest rate but also
the real short-term interest rate. This condition can be considered as satisfied because
prices are supposed not to react instantaneously on monetary policy.

3. Changes in the real short-term interest rate are transmitted to the real long-term interest
rate. A long-run equilibrium relationship between the short-term and the long-term inter-
est rate in Germany is not observable. The spread is non-stationary like the short-term
and the long-term interest rates themselves, see Hassler and Nautz (1998) and Wolters
(1995). Nautz and Wolters (1999), however, show that an instationary spread does not
necessarily contradict the expectations theory of the term structure and that innovations
in the short-term rate do systematically affect the long-term rate. The non-stationarity of
the spread could possibly be the consequence of a non-stationary liquidity premium.

4. Output is elastic with respect to the real long-term interest rate. Von Kalckreuth (2001)
shows that investment spending in Germany decreases by approximately 4% after an
increase in the nominal interest rate of 1%. The impact of the real rate, however, is not
clear. Furthermore, the interest rate sensitivity of total output can also not be considered
as known. This is still an open question.



An overview of VAR models of monetary policy transmission in Germany is given in table 1.
The core endogenous variables in all these models are output, price level or inflation rate, and
a short-term interest rate as monetary policy instrument. Different other endogenous variables
like money stock, exchange rates, additional price indices, or long-term interest rates are in-
cluded. Some models also consider exogenous variables that describe the development of the
world economic situation, for example U.S. GDP or the Federal Funds Rate. In order to spec-
ify a benchmark model of the interest rate channel, a general-to-specific approach is followed
here. The benchmark model includes seven endogenous variaftes@rld export price in-

dex (epi), industrial productionip), consumer price index:), short-term money market rate

(7), spread between long-term interest rate and money marketprate{ — i), money stock

M3 (m), and real effective exchange rater). All variables except for the interest rates are
measured in logarithms. The data are described and depicted in the data appendix. In addition
to the world export price index and real effective exchange rate, international economic effects
are taken into account by including the following exogenous variab)gsHederal Funds Rate

(fr), U.S. spreadRV® — fr), and U.S. industrial productioriz’®). The VAR model can be
written as

12 12
Ty = b + Z Ay + Z Bizi_i + uy,
i=1 i=0

xy = (epiy, iy, CPiy, ¢, Pr, M, 63515)/, 2= (fre, R?S — fre, ipfs)’ (3.2)

wherew,; is normally distributed with a zero mean vector and covariance matfjxand i,

contains a constant and centered seasonal dummies. The sample period is 1975-1998 covering
the period of monetary targeting by the Deutsche Bundesbank. The lag length is chosen accord-
ing to lag exclusion Wald tests which indicate that lags up to twelve should be included. The
relatively high lag order is necessary because the data is not seasonally adjusted and seasonal
dummies are not able to describe all seasonal effects. Using seasonally adjusted data would
probably reduce the lag length but could possibly also distort the short-run dynamics of the data
in which we are interested here. The dynamic effects are analyzed by investigating impulse
response functions and forecast error variance decompositions. For this purpose it is not neces-
sary to determine the integration order of the time series and to identify possible cointegration
relations explicitly. The VAR in levels can be estimated consistently with OLS, see Breitung
(2000), and appropriate confidence intervals for the impulse responses can be obtained by using
a suitable Bootstrap procedure, see Benkwitz et al. (2001), e.g. This technique is applied here.
However, a possible problem is the large number of coefficients to be estimated. The number
of variables shall not be decreased here because we are explicitly interested in the elements of
the transmission channel and not only in the overall effect of monetary policy shocks on out-
put and prices. Therefore, the following subset VAR procedure is employed: in the first step,
the complete VAR is estimated by OLS. In the subsequent steps, the regressor with the lowest
absolutet-ratio is deleted in the respective equation. The procedure stops if all remaining re-
gressors exhibit an absoluteatio of at least 1.28, which is the 90% percentile of the standard
normal distribution implying that the nominal significance level for the two-stdidt for zero
restrictions is about 20%. At this significance level, the probability of wrongly eliminating re-
gressors can supposed to be acceptable. The efficiency of the estimation could be improved by
applying a generalized least squares (GLS) technique that considers the contemporaneous cor-
relation between the error terms given by an estimate,oBecause contemporaneous residual
correlation is low in the considered VAR models and a comparison of OLS and GLS results has
revealed that they do not differ substantially, OLS is applied in the following in order to keep the
calculation time in the bootstrap procedure within an acceptable range. The subset procedure
excludes on average more than one half of the regressors per equation such that the remaining



‘(1oatd paepuess) 1a°pis ‘(Aoljod Arelauow) A ‘(814 Spuny [eiapa)) Y44 ‘(xapul aaud |10) 1O ‘(xapul 8oud Alpowwod) |dIND ‘(1onpoud [euoneu ssoib) dNO ‘(1onpoud
nsawop ssoib) 4go ‘(xepul 8d1d Jawnsuod) |49 ‘(uononpoud [euisnpul) 4| ‘(]spow uonoa1iod 104Ia 10199A [ein1onis) INDIAS ‘(JOPOIN HVA [eInIdnisS) YVAS :Ssuoneinaigqqy

1S

1

xapul aoud
lodw ‘arel [[eos Asuow ‘ael

()]

nebau Apybis 1dD  ‘ennebau :d|

¢1:2661-L7/6T

IdD ‘TIN ‘©1el |[ed Asuouw A

Uod OAISINOdal-UoU) HVAS

AN (Aaurenb) 1salaul wuel-buo ‘(1orellag (suonowsal (TO0Z) S1210M
tebau :lorejlag dNOVeAebau :dNO #:866T-T:G/6T | ANO)V AN ‘S [eaysnoaueiodwaiuod) NDIAS [pue [yodaxin
alel ueQ|
[lelal pue sueo| ueq Yum
sjapow Ajreuonippe (snou
(arel 18boxa) Y44 ‘vsSn dao
alowul ayl uo 19edwi aanisod juedl ‘|dIND pue (snouabopua) arel
-Jlubisul ue Ajuo sey 20ys dIN pajed (Aparrenblepueyoxe aAndays |eal ‘erel (uon (T002) uew
0s ay1) annebau ;14D ‘annebau :dgo ¥7:866T-T:0.6TAouow syuow-¢ ‘|dD ‘das -Isodwodsp A4sajoy)d) HVAS 151984 pue uolon
alel abueyoxs
(Alpuow) @sn/Na@  ‘eres  1salsiul
annebau unl gT:866T-T:¥86T pue WiIa1-6uo| ‘erel |ed Asuow (suonamsai adA1 (T002) (To02)
-Moys :|dD¥@Arelau uni-uoys :ddo ZT:€86T-T:GL6T | 'IdOV ddD ‘SN [ead BN pue ofezuo9) WOIAS uuewabbnig
alel abueyod
(spueq "119°p1S au0) (Ajyauow) +xo ASN/ING ‘Y44 ‘IdO ‘dl | (suonaiinsal snoauriodwal (0002)

uIgnoy  pue Wiy

aAiebau uni-1oys
‘IdD's181enb unoy Jaye annebau :d|

(Aerrenb) :
¥:/66T-€6.6T ¢

IdIND ‘arel
bbueyoxe dsN/NA ‘1dOV
4| ‘eyes Asuow syuow-g

(suonosai adAy
(T66T) ‘le 19 Bury) INDIAS

(0002) uueuuys

arel abueyoxa aAN

(spueq “ua'p1S
uo) juedlubisul 14D ‘ennebau :d|

(]

(Aiypuow) *
G:/66T-€:G96T 1

dl ‘I1dD ‘(Aeuow 1senb +
[\) Asuow ‘arel |[ed Asuouw A

(suonosal snoauelodwal
U0d BAISINJaJ-UOU) YHVAS

annisod :|dD ‘ann (Alyuow) -paye eal ‘g\ ‘erel Asuow (uon (0002)
-ebau uni-6uo| ‘sanisod uni-uoys :d| €:/66T-T:G/6T syuow-¢ ‘IdND ‘IdD ‘dl Jsodwodap Aysajoyd) HvAS |iddi7 pue ejopad
IdND

(666T) Wi

3O0US dIN 9AI0INSaY JO S10943

a|dwes

sa|qele

AbBojopoyra i\

sioyiny

Auewiss ul uoissiwsuel] Aaijod Aiejauop Jo S|IsponN HYA T alqeL




Figure 2: Selected Impulse Responses in the Interest Rate Channel Model
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Notes: The figure shows impulse responses that are calculated from a Subset VAR in levels with initially twelve
lags assuming a recursive identification scheme. Endogenous variables are in the ordering used to identify the
monetary policy shockiepi, ip, cpi, i, p,m, ex);. The data are adjusted for the structural break due to the German
unification, see data appendix. A constant, centered seasonal dummies, and impulse dummies di8406, di8512,
di8807, di9110, di9212 are included. Dotted lines are 95% Hall-Bootstrap confidence bands (2000 replications).

number of coefficients to be estimated is well balanced with the number of 288 observations
per variable. Diagnostic tests for all equations are reported in the appendix.

A recursive identification scheme is applied to identify monetary policy shbdke ordering

of the variables isepi, ip, cpi, i, p, m, ex). This ordering corresponds to the ordering in Dedola

and Lippi (2000) and Mojon and Peersman (2001) and is based on the following structural
assumption: first, the central bank observes the status of the real pildp, cpi); second,

the central bank sets the nominal short-term interest fatbdt has no contemporaneous effect

on the real world but an impact in subsequent periods; third, financial varigblesez) adjust

to changes in the short-term rate contemporaneously. Selected impulse response functions of
the benchmark model are depicted in figure & positive shock on the short-term interest rate

is followed by a temporary decrease in industrial production and in the spread. The negative
response of the spread shows that monetary policy shocks are at most partially transmitted to
the long-term interest rate. Furthermore, positive innovations in the spread, which can also be
interpreted as long-term interest rate shocks when the short-term interest remains constant, are
followed by a positive response of industrial production. This is not compatible with the interest
rate channel transmission theory but can possibly be explained by the fact that the long-term

4 The alternative identification schemes suggested by other authors (see table 1) have also been considered. The
response of industrial production to a monetary policy shock, which is the most interesting in the present
context, differs not in shape but with respect to timing and extent across the different identification schemes.
The recursive identification scheme has the advantage that it can be easily modified and extended, and it does
not provide results substantially different from more complicated identification schemes. Similar results for the
Euro area are reported by Peersman and Smets (2001).

5 The whole set of impulse responses cannot be discussed here. However, also the other impulse responses are
mainly in line with economic theory and the cited VAR models by other authors. For example, innovations in
the world export price index have a positive long-run effect on the price level, innovations in the spread have a
temporary negative effect on the money stock, and positive innovations in the real effective exchange rate are
followed by a decrease in industrial production.



Figure 3: Selected Forecast Error Variance Decompositions in the Interest Rate Channel Model
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Notes: See notes to figure 2.

interest rate reflects expectations about the future economic development in terms of the real
interest rate and inflation. When a positive development of the economy is expected, industrial

production increases. Like in other studies, a positive response of the price level to innovations

in the short-term interest rate can be observed. This phenomenon is sometimes called price
puzzle. A possible explanation for the occurrence of this phenomenon is that the short-term

interest rate has a positive impact on the money stock M3, which contains interest bearing

assets. The money stock itself has a positive impact on the price level. Therefore, the positive
impact of restrictive monetary policy on the price level can be understood in this VAR model but

it remains an open task to specify a model in which the expected negative impact of restrictive

monetary policy on prices is revealed.

The forecast error variance decompositions presented in figure 3 indicate that monetary policy
shocks are of minor importance for the variance of industrial production. Innovations in the
short-term interest rate and in the spread together have a share of about 20% in the forecast
error variance of industrial production after 18 months. It can also be seen that innovations in
the money stock have a large share in the forecast error variance of the price level.

Given that there seems to be evidence that the interest rate channel proposed by the money view
is not very well suited to explain monetary policy transmission exclusively, the VAR is now
modified in order to allow for a bank lending channel.
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Figure 4: Selected Impulse Responses in the Bank Lending Channel Model
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3.4 A Model of the Bank Lending Channel

In section 2, the Bernanke and Blinder (1988) model has been presented as a simple model
capturing the bank lending channel. This model builds the theoretical foundation for the em-
pirical bank lending channel model that is specified in this section. It has to be stressed that it
is not sufficient to add only the loan stock as an additional variable to the VAR. As explained
before a negative response of loans to a restrictive monetary policy shock is neither necessary
nor sufficient for the existence of a bank lending channel. The purpose here is not to explicitly
identify loan supply and demand effects. However, it is intended to investigate the prediction of
the Bernanke and Blinder (1988) model that the spread R~ — R between the interest rate

on loans and the interest rate on bonds increases in response to a restrictive monetary policy
shock, and that economic activity decreases if the interest rate on loans increases.

The variables included in the VAR analysis are now:
xy = (epiy, ipy, cpiy, iy, Ay, log, exy)’, (3.2)

wherelo, is the nominal loan stock. Lag length, exogenous variablg¢s(d deterministic spe-
cification are like before. Selected subset VAR impulse responses for the bank lending channel
model can be found in figure 4. Again, a hump-shaped negative effect of a restrictive monetary
policy shock on industrial production can be observed. The bank lending channel version of
the transmission mechanism is confirmed empirically: The spigad R- — R, increases in
response to a restrictive monetary policy shock, and the spread itself has a negative impact on
the loan stock and on industrial production. There is also weak evidence that the loan stock de-
creases in response to a restrictive monetary policy shock. Together with the increasing spread
this can be interpreted as evidence for a negative impact of restrictive monetary policy on loan
supply. The responses to the spread should describe mainly supply effects because credit de-
mand effects should also affect the bond rate and not only the bank lending rate. Additionally, a
demand effect would be indicated by a decreasing loan stock accompanying a decreasing inter-
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Figure 5: Selected Forecast Error Variance Decompositions in the Bank Lending Channel
Model
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Notes: See notes to figures 2 and 4.

est rate on loan%.Furthermore, the price puzzle is not observed in this model. The restrictive
monetary policy shock has a significant negative impact on the price level after about two and a
half years.

According to the forecast error variance decompositions, see figure 5, the impact of monetary
policy on industrial production is much larger than in the interest rate channel model. Monetary
policy shocks are responsible for a considerable part of the variance in the loan spread, and
innovations of the short-term interest rate and the loan spread have together a share of about
45% in the forecast error variance of industrial output after 18 months. The price level is also
strongly affected by bank lending variables.

This analysis shows that conditions (1) — reaction of loan supply on monetary policy — and (3)

— reaction of production on loan supply — for the effectiveness of a bank lending channel in
Germany can be considered fulfilled in the sample period. Condition (2) — the absence of short-
run substitution possibilities for bank loans — cannot be tested explicitly in a time series analysis
because appropriate data are not available. The institutional setting in Germany, however, seems
to support the assumption that condition (2) is also fulfilled.

6 Responses to innovations in the loan stock are not depicted here. The price level responds positively in the
long-run and industrial production exhibits a hump-shaped negative response.

7 See Kashyap and Stein (1997) for a discussion of institutional settings on financial markets in European coun-
tries.
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Figure 6: Selected Impulse Responses in the Broad Credit Channel Model
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3.5 A Model of the Broad Credit Channel

The main argument of the broad credit channel is that restrictive monetary policy increases
the external finance premium, lowers the firms’ and households’ ability to borrow and does
therefore reduce aggregate output. This effect can be analyzed in a VAR with the endogenous
variables

xy = (epiy, ipy, CPiy, Uy, Ky, €$t),a (3.3)

wherex, is the external finance premium. Lag length, exogenous variahlesn(d determinis-

tic specification are like in models (3.1) and (3.2). Notice that a monetary aggregate like loans
or money is not included. Following Friedman and Kuttner (1992) the spread between the inter-
est rate on loans and the yield on government bonds is used as external finance premium. This
spread is in general positive because of a risk premium and a liquidity premium. These two
terms are not constant and are presumably affected by monetary policy. The external finance
premium is therefore measured in the following as:

rk, = RY — RGO, (3.4)

where RC% is the yield on government bonds. The mean of this spread from 1975 to 1998

is 1.8 percentage points and the standard deviation is 1.5. It should be mentionedighat

very similar to)\;. In figure 6 it can be seen that positive innovations in the short-term interest
rate increase the external finance premium, and shocks to the external finance premium have a
hump-shaped and significant negative impact on industrial production and a significant long-run
negative impact on the price level (the latter impulse response is not depicted). The response
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Figure 7: Selected Forecast Error Variance Decompositions in the Broad Credit Channel Model
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of the price level to a restrictive monetary policy shock is non-negative like in the interest rate
channel model.

The forecast error variance decompositions can be found in figure 7. Monetary policy shocks
have a much larger impact on the forecast error variance of industrial production than in the
interest rate channel model but less than in the bank lending channel model. Monetary policy
shocks are responsible for a big share of the variance in the external finance premium, and
innovations in the short-term interest rate and in the external finance premium have a share of
about 34% in the forecast error of industrial production after 18 months. The omission of a
monetary aggregate has the consequence that a major share of the forecast error variance of the
price level is now explained by innovations in world export prices.

3.6 Interpretation of the Empirical Evidence

The empirical evidence reported in this paper has been intended to explore the relevance of
a credit channel of monetary policy transmission in Germany during the period from 1975 to
1998. Separately estimated VAR models of the interest rate channel, the bank lending channel
and the broad credit channel have revealed some problems of the interest rate channel. Further,
predictions of bank lending and broad credit channel models are compatible with impulse re-
sponse functions derived from the VAR models. Unfortunately, a direct evaluation of the relative
importance of the respective transmission channels is not possible in the presented framework.
For this purpose, a model that includes interest rate channel variables like long-term interest
rate and money stock as well as credit channel variables like interest rate on loans, loan stock
and external finance premium is necessary. Due to the high degree of interaction between these
variables, the recursive identification scheme seems not appropriate for the identification of
shocks in such a system. However, the foregoing results have shown that the interest rate chan-
nel reveals only incomplete information about monetary policy transmission. Further insights
are provided by considering the credit channel of monetary policy transmission: real economic
activity is affected significantly by monetary policy shocks via refinancing costs. Neglecting
these effects leads to severe underestimation of the impact of monetary policy shocks on real
economic activity. It can also be stated that inclusion of a monetary aggregate in the model is
important for the explanation of effects on the price level.
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4 Conclusions

The empirical analysis of the monetary policy transmission mechanism stands in the center of
attention of this paper. As reviewed in section 2, the credit channel with its two forms bank
lending channel and broad credit channel offers a theoretically well founded explanation of the
monetary policy transmission mechanism. The empirical evidence reported in section 3 shows
that the traditional interest rate channel should not be considered as an exclusive explanation
of the transmission mechanism. While inflation can be assumed to be a monetary phenomenon
in the long run, the impact of monetary policy on output can be explained to a considerable
extent by the credit view. Restrictive monetary policy tends to increase refinancing costs, i.e
the loan spread in the bank lending channel model and in the external finance premium in
the broad credit channel model. In both credit channel models, a hump-shaped response of
output to innovations in the variable reflecting the financing costs can be observed. Additionally,
monetary policy shocks explain a larger share in the variance of industrial production in the
credit channel models than in the interest rate channel model. These results are encouraging for
research on structural theoretical models of the transmission mechanism that are necessary to
evaluate the welfare effects of monetary policy.

There remains still a number of open questions. While in this paper the dynamics in terms of
impulse response functions are addressed, it would also be interesting to identify the long-run
relationships (cointegration vectors) between the considered variables. Furthermore, it would be
of major interest to specify a model that allows for an interest rate channel and a credit channel
simultaneously and to explore the relative importance of the two channels in more detail. Of
course, the analysis has to be extended to the Euro area when time series of appropriate length
have become available.
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Appendix A. Data Description

Consumer Price Index;fi): Logarithmic consumer price index, OECD Main Economic Indi-
cators (125241K).

Federal Funds Ratg(): Federal funds rate, fractions, OECD Main Economic Indicators
(426217D).

Industrial Productionif): Logarithmic industrial production, OECD Main Economic Indica-
tors (122027K).

Industrial Production USAif"*): Logarithmic industrial production USA, OECD Main Eco-
nomic Indicators (422027K).

Interest Rate on Loan$f): Average interest rate on current account credit (DM 1 million and
more but less than DM 5 million), fractions, Deutsche Bundesbank (SU0004).

Loans (o0): Logarithmic loan stock (bank lending (balances and advances) to residential non-
banks), Deutsche Bundesbank (OUO0085), adjusted for German unification by regressing
first differences on seasonal dummies and an impulse dummy which is one in 1990:6.
Autoregressive errors are considered. The coefficient of the impulse dummy (0.0715) is
added to level data before 1990:6.

Long-term Interest Rat&?): Yields on bonds outstanding, fractions, Deutsche Bundesbank
(WU0017).

Long-term Interest Rate USAR®): Interest rate on US government composite bonesQ(
years), OECD Main Economic Indicators (426279D)

Money Stock (n): Logarithmic money stock M3, Deutsche Bundesbank (TU0800), adjusted
for German unification by regressing first differences on seasonal dummies and an im-
pulse dummy which is one in 1990:6. Autoregressive errors are considered. The coeffi-
cient of the impulse dummy (0.1387) is added to level data before 1990:6.

Real Effective Exchange Rater(): Logarithmic real effective exchange rate, OECD Main Eco-
nomic Indicators (127001K).

Short-term Interest Rate)( Money market rate reported by Frankfurt banks, day-to-day money,
fractions, Deutsche Bundesbank (SU0101).

World Export Price Indexepi): Logarithmic world export price index, IMF (001 76AXD).

Yield on Government Bonds?€°Y): Yields on bonds outstanding, public bonds, fractions,
Deutsche Bundesbank (WUO0004).
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Appendix B. Diagnostic Tests

The diagnostic tests in table 2 are the following: JB denotes the Jarque-Bera test for normality,
LM(k) the Lagrange multiplier test for serial correlation of the residualiagged residuals
included), ARCHE) the Lagrange multiplier test for autoregressive conditional heteroskedas-
ticity, and RESET(1) the Regression Specification Error Test considering the second powers
of the fitted values from the original regression. The values given are the correspgnding
values. All models include a constant, centered seasonal dummies and exogenous variables
z = (fry, RV — fry,ip?S)". Further, impulse dummies di8406, di8512, di8807, di9110,
di9212 which have value one in the respective month and zero otherwise are included in all
cases in order to correct for large outliers. However, there remain still some outliers leading to
rejection of the normality hypothesis in some cases.

Table 2: Diagnostic Testg-Values, Sample Period: 1975:1-1998:12

Eq.| JB LM(1) LM(12) ARCH(1) ARCH(12) RESET(1
Interest Rate Channel Model (3.L); = (epiy, ipy, cpiy, ir, pr, My, €xy)’
epi 0.00 0.04 0.02 1.00 0.97 1.00
ip 0.99 0.01 0.08 0.76 0.09 1.00
cpi 0.00 0.34 0.00 0.88 0.51 0.00
i 0.00 0.29 0.12 0.44 0.22 1.00
P 0.33 0.37 0.06 0.80 0.10 1.00
m 0.08 0.02 0.01 0.01 0.10 0.04
ex 0.01 0.21 0.83 0.27 0.43 0.54
Bank Lending Channel Model (3.2); = (epiy, ipy, cpiy, is, A, log, exy)’
epi 0.00 0.05 0.31 0.76 0.94 1.00
1p 0.08 0.11 0.68 0.49 0.26 1.00
cpi 0.00 0.65 0.12 0.61 0.99 0.00
i 0.00 0.84 0.00 0.95 0.01 1.00
A 0.23 0.90 0.10 0.13 0.94 1.00
lo 0.00 0.79 0.16 0.93 0.95 1.00
ex 0.05 0.21 0.17 0.57 0.40 1.00
Broad Credit Channel Model (3.3); = (epiy, ipy, cpiy, iy, ke, exy)’
epi 0.00 0.19 0.11 0.48 0.96 0.84
1 0.81 0.06 0.15 0.65 0.24 1.00
cpi 0.00 0.73 0.71 0.66 0.95 0.00
i 0.00 0.46 0.18 0.34 0.00 0.74
K 0.15 0.18 0.23 0.59 0.53 1.00
ex 0.02 0.45 0.72 0.88 0.35 0.00
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