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Editorial

In this paper, the authors analyze the role of bank capitalization on the
transmission of monetary policy, using a quarterly dataset for Austrian banks
spanning from 1997 to 2003. A substantial understanding of the transmission
mechanism in different countries of the euro zone is not only of academic
interest, but also an important prerequisite for central bankers to effectively
accomplish their monetary policy goals. While the authors find evidence in
favor of the bank lending channel, with an important role active for
capitalization, they are unable to confirm whether the bank capital channel is in
force in Austria. The results of the paper indicate some counter-cyclicality in
lending activity, a finding that is in line with the existing Austrian literature
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Abstract:
This paper analyzes the role of bank capitalization on the transmission of
monetary policy, using a quarterly dataset for Austrian banks spanning from 1997 to
2003. A substantial understanding of the transmission mechanism in different countries
of the euro zone is not only of academic interest, but also an important prerequisite for
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1. Introduction

Traditionally, theory relating to the monetary policy transmission process - the set
of links through which monetary policy affects the economy - has largely ignored the role
of bank equity, focusing rather on the financial conditions of firms and households. While
the role of banks in this process has gained a lot of attention in recent decades, an
outstanding and relevant issue that has largely been ignored is the role of capital
requirement regulation, as defined by the Basel Accord.
The importance of considering capital requirement regulation is guided by the
hypothesis that rigid minimum capital ratios act to amplify macroeconomic fluctuations
in a non-Modigliani-Miller world. The complex relationship between capital requirement
regulation, bank lending and monetary policy transmission, therefore originates from the
premise that if a bank’s access to capital is limited, the required capital-loans regulation
becomes binding, then the amount of capital affects the volume of lending.
This paper tries to fill a gap in the empirical literature by considering how capital
requirement regulation can affect lending decisions and consequently the transmission of
monetary policy from the central bank to the economy. Despite the creation of the unified
market in 1999, we concentrate our analysis on a single member state, Austria, for a
number of reasons. Several large institutional differences exist in the banking and
financial structures of the member states making up the European Union (EU) hindering
the ability to successfully analyze the EU as an entity. If these differences in the reaction
to monetary policy shocks between regions in the EU are relevant, then the design of the
ECB deliberations might well take into account regional considerations. We concentrate
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on Austria, as due to the pegging of the Austrian Schilling to the German Mark from
1981 onwards, the monetary policy stance originating in Germany was largely reflected
in Austrian interest rates. For this reason, the shift in the conduct of monetary policy from
the Oesterreichische National Bank (OeNB), to the European Central Bank (ECB) in
1999, did not result in a break in the data as it would have for other countries (Farinha
and Marques, 2001). Coupled with its hugely complex banking structure, Austria for this
reason represents an interesting case study in the analysis of the existence of the bank
lending and bank capital channels within the EU. Furthermore, research concerning the
bank capital channel as an additional transmission mechanism of monetary policy has not
yet been performed for Austria. The role of regulatory capital has not been analyzed
either.
We focus on the transmission of monetary policy, namely the reaction of bank
lending due to a change in the interest rate, and test whether there are differences in
banks’ lending behavior depending on the degree of capitalization. Furthermore, we
apply a proxy for maturity transformation costs and employ a new data set including
quarterly bank level statistics for Austrian banks, spanning from January 1997 to
December 2003. In addition, we experiment with an alternative measure for the monetary
policy indicator, thus inspecting the accuracy of the information contained in the typically
adopted Vienna Interbank Offered Rate (VIBOR). In order to examine both the bank
capital and the bank lending channels we use a dynamic panel framework giving us an
insight into the heterogeneity of the Austrian banking system. The GMM estimator
developed by Arellano and Bond (1991) is applied thereafter.
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The remainder of the paper is organized as follows: In section 2 we explain why it
is imperative to have a substantial knowledge about regional transmission processes in
the European Monetary Union. In section 3 we describe the role that banks play in the
transmission of monetary policy. In section 4 some stylized facts of the Austrian banking
system and its regulation are presented. Section 5 contains a description of the data used
for the econometric study. Our model is explained in section 6 and the results are
presented and discussed in section 7. Alternative specifications to test for robustness are
shown in section 8. Section 9 shortly concludes.
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2. The importance of the regional transmission processes

Since 1999, monetary policy within the euro zone has been in the hands of the
European Central Bank, whose primary objective is to maintain price stability. Further to
this purpose, the ECB additionally supports the objectives of a “high level of
employment” and a “sustainable and non-inflationary growth”.3 Consequently, for the
implementation of these targets in an enlarging economy, it is vital to have an
understanding of the transmission process of monetary policy and the real effects thereof.
Since structural differences between members of the euro zone countries are not
negligible, there are many factors that can have potentially significant effects on
monetary transmission. Differences in competition policies and market structures, the
importance of manufacturing to an economy, the role of the national governments in
economic activities, and – last but certainly not least – the size, structure, and significance
of the banking sector, which is of particular importance to this paper, all serve as key
examples. For our analysis concerning the role of banks’ capital, differences extend
further to include the date and the degree of implementation of the capital requirement
regulations as imposed by the individual national regulatory authorities, a vital
component contributing to the analysis of the bank lending and bank capital channels.
Due to the relative newness of the euro zone as a unified entity, capital market
integration across borders in Europe is far less advanced than it is in the US. Disparities
in the way that monetary policy is transmitted to the real economy are consequently
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See statement of the objectives at the ECB web site.
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expected to be far greater, and thus the issue of regional monetary transmission is of more
relevance in the euro zone than in the US.4
Considering the United States, Van den Heuvel (2002a) recently found evidence
of output growth being more sensitive to changes in different monetary policy indicators
when a state’s banking sector starts out with a low capital-asset ratio. For his study, Van
den Heuvel only made use of state level, rather than bank level data, therefore identifying
the possible need for further research on a more disaggregated level. His findings are
however both interesting and relevant as they seem to indicate that banks’ capitalization
may play a very important role for monetary transmission in Europe too.

4

The Federal Reserve Boards presumably holds the view that monetary policy should not be used to affect
particular regions or states (Owyang and Wall, 2004). Nevertheless, the issue of regional effects of
monetary policy has also been analyzed for the US, going back to Young (1929). For more recent studies
see e.g. Di Giacinto (2003) and Owyang and Wall (2004).
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3. The role of banks in monetary transmission

Bank capital regulation and the macro economy
According to Mishkin (2000) the main instruments of banking regulation can be
organized into several broad categories namely the government safety net, restrictions on
bank asset holdings, capital requirements, chartering and bank examination, disclosure
requirements, consumer protection and restrictions of competition.5 Such instruments are
commonly adopted as measures for preventing systemic risk, ensuring that banks and
investment firms are able to respond quickly to market change, allowing them to operate
flexibly, while simultaneously safeguarding consistency within the international banking
sector.
The 1988 Basel Capital Accord and its subsequent amendments address the
capital requirement aspect of the above-mentioned instruments. The Accord requires
banks to hold an amount of capital specified as a percentage of their risk-weighted assets.
The requisite capital is to lie above a certain threshold defined as a function of two types
of risk (credit risk and market risk). Such capital acts as a “buffer” for possible future
losses effectively regulating the safety and soundness of each single institution in an
attempt to create a banking system generally less prone to risks and crises. The objective
behind the 8%-capital requirements is therefore purely micro-economic: A high level of
equity capital is designed to overcome the asymmetric information problems implied by
an entirely deposit financed banking system. Depositors are always paid out their
holdings on a first come first served basis, thus reducing their incentive to properly

5

A similar system of classification is adopted by other sources including among others Freixas and Rochet
(1997) and Greenbaum and Thakor (1995).
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monitor bank management. The combination of the illiquid nature of banks’ assets
coupled with the risk of not being paid out under the first come first serve basis, together
create an incentive for depositors to run during cases of perceived or real problems that a
bank may face. Equity capital holders however, do not have an incentive to run as they
will always be served last; rather they have a strong incentive to monitor bank
management in its loan policy ex ante (see Diamond and Rajan (2000) for a slightly
different explanation). A “high” level of bank equity capital is therefore supposed to
enhance monitoring and reduce the risk exposure of the individual bank. Furthermore,
high levels of equity at the individual bank level will also tend to reduce the likelihood of
system-wide runs. Since runs on the banking system as a whole have a strong contagion
component, a high degree of capital at the level of the individual bank will increase the
stability of the entire industry.
Over the last years economists have conducted a large amount of research on
further implications of such capital requirements. One strand of literature focuses on the
risk aversion and risk-taking characteristics of banks under capital regulation (see e.g.
Kim and Santomero, 1988; Flannery, 1989). An alternative approach highlights the effect
of the levels of capital holdings on loan growth (Diamond and Rajan, 2000 and 2001).
This literature states that there is a trade-off between capitalization and lending. Hahn
(2002) finds evidence in favor of this approach for Austria within the framework of a
static panel model with annual bank level data for 1996-2000. In this paper we will focus
on a third topic, the reaction of bank lending to macroeconomic shocks, especially
monetary shocks, while operating under rigid capital requirements. The question we
address is the following: If the regulatory capital-asset ratio is affected by a shock, how
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will banks react in order to adjust this ratio? Will bank management adjust on the asset
side (the denominator), i.e. change the loan supply, or will it rather change the liability
side (the numerator), i.e. the holding of capital? Several authors (e.g. Kishan and Opiela,
2000; Van den Heuvel, 2002a, 2002b, 2003) have pointed out that it will be a change in
the loan supply due to an imperfect market for bank equity thereby having an effect on
economic activity.6 The exact line of reasoning will be elaborated in the following subsection.

Bank capital and bank lending
Information asymmetries and the costly enforcement of contracts generate agency
problems within the financial markets. Agency costs are, according to Bernanke and
Gertler (1995), reflected in the external finance premium, which is the primary cause for
the existence of a credit channel of monetary transmission. The credit channel works
through three separate channels namely the balance sheet channel, the bank lending
channel and the bank capital channel. The balance sheet channel stresses the impact of
monetary policy on borrowers’ financial position (net worth, cash flow and liquid assets),
on the size of the external finance premium and consequently on investment spending.
The bank lending channel stresses however, that monetary policy may affect the supply
of intermediated credit, bank loans in particular, and is active through an imperfect
market for bank debt (Kashyap and Stein, 2000; Stein, 1998). Empirically both links have
been investigated extensively with the use of both macro- and microeconomic data. For
Austria an interest rate puzzle seems to exist. A positive change in monetary policy,

6

An additional condition for an effect on real activity is the existence of bank dependent borrowers who are
not able to perfectly substitute other forms of external finance for bank loans.
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signaled to the economy via a change in the interest rate, documents an accommodative
lending behavior of banks (Kaufmann, 2001; Braumann, 2004).7 Kaufmann (2001)
argues that the puzzle may be due to timing asymmetries. The most recent study
(Frühwirth-Schnatter

and

Kaufmann,

2005)

concludes

that

traditional

bank

characteristics, such as the size or the liquidity, cannot be used to reveal asymmetric
lending reactions. They use Bayesian simulation methods instead and find that the bank
lending channel is quite weak.
Recent literature has examined the role of the bank lending channel of monetary
policy in the presence of capital requirement regulation. The imperfection in the market
for bank debt consists essentially of information asymmetries relating to the quality of the
banks´ loan portfolios. This imperfection may be reinforced by an additional imperfection
in the market for bank equity: Capital serves as a buffer for loan losses. Therefore, high
capitalization may indicate lower risk for investors in uninsured bank debt if the market
for bank equity is imperfect, i.e. if a bank cannot raise new capital frictionlessly. Thus the
external finance premium decreases with the degree of capitalization and consequently,
better capitalized banks may on average find it easier than low capitalized banks to
finance their lending business. This property also becomes important in the case of a
monetary tightening by the central bank. Reserves are reduced and banks have to
substitute their insured deposits with other more senior forms of debt. Banks with a low
degree of capitalization, and thus a high external finance premium, will find it harder to
finance their activities issuing debt and are hence more likely to be forced to reduce
7

An accommodative lending behavior means that the estimated coefficient for the interest rate shows a
positive sign, which indicates that banks increase lending when the interest rate rises, i.e. when a tighter
monetary policy takes place. To prevent confusion it has to be mentioned that these results were generated
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lending after increases in interest rates. Kishan and Opiela (2000) find evidence for
differential lending reactions after changes in interest rates for differently capitalized
banks in the US, although only among small banks.
One potentially problematic aspect of capital requirement regulation as put
forward by Borio et al. (2001) refers to the potentially pro-cyclical nature that they might
inject into bank lending. These authors argue that when economic conditions are
depressed, and collateral values are low, even borrowers with profitable projects can find
it difficult to obtain funding. When conditions improve, confidence may be high and risks
evaluated low. Collateral values consequently rise and these firms are again able to obtain
access to external finance, adding to the economic stimulus thus resulting in a strong procyclical effect on bank lending activity. As a result the capital constraint may be far from
binding and lending consequently strong, potentially in an exuberant manner. It is
generally reasoned that such pro-cyclicality has its roots in information asymmetries
between borrowers and lenders. Borio et al. (2001) however, believe that while this
financial acceleration surely plays a part in financial cyclicality, it is not the sole reason
for the somewhat large swings in economic activity occasionally observed. Rather, they
argue that these swings are additionally caused by inappropriate responses of financial
market participants to changes in risk over time. These inappropriate responses caused by
a combination of difficulties in measuring the time dimension of risk, together with the
incentive that market participants have to react to risk.
The bank capital channel implies a more continuous relationship between
capitalization and lending than the bank lending channel does as it considers the dynamic

in a panel framework. Hence, all banks are weighted equally. Thus an inference from bank level data on a
aggregated level is not necessarily possible.
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effects of bank capital due to changes in the stance of monetary policy. The logic is such
that banks are exposed to interest rate risk whenever the interest sensitivity of their assets
does not match the sensitivity of their liabilities, or off-balance sheet positions. For a
bank whose liabilities re-price faster than its assets, a rise in interest rates can reduce net
interest income by increasing the institution’s cost of funds relative to its yield on assets
and vice versa. Hence, a monetary tightening will reduce bank profits, which are, if
retained, part of the regulatory capital. If, as in the case discussed above, the market for
bank capital is imperfect and if capitalization is low enough (i.e. close to the minimum),
then the bank will have to reduce lending in order to avoid a fall of capital under the
minimum regulatory level (Van den Heuvel, 2003a, 2003b).
Three preconditions are therefore necessary for the bank capital channel to be
operative: an imperfect market for bank equity, a maturity mismatch between assets and
liabilities exposing banks to interest rate risks as well as the existence of minimum capital
requirements. Van den Heuvel (2002a) presents indirect evidence for the bank lending
channel for the US by regressing state level output on capital to assets ratios. Gambacorta
and Mistrulli (2004) model lending directly by a measure of capital in excess of the
regulatory minimum and thereby present evidence for the bank capital channel in Italy.

12

4. The structure of the Austrian banking system

The Austrian banking system is a universal banking system whereby no statutory
requirement to separate commercial banking activities from investment banking activities
exists. The system is organized by “sectors” where the 897 independent banks8
(December 2002) are divided into seven categories: joint stock banks (59), savings banks
(64), state mortgage banks (9), Raiffeisenbanken (609), Volksbanken (70), special
purpose banks (81) and housing construction savings and loan associations (5). Each
sector has its own association to represent its interests. The classification of banks by
sector is determined by their legal form or by the industry association to which they
belong.
The sectors are organized in “single-tier” and “multi-tier” structures. State
mortgage banks, joint stock banks, housing construction savings and loan associations,
along with specialized credit institutions are organized under the “single-tier” system.
Savings banks and Volksbanken are organized under the “two-tier” system with Erste
Bank and the Oesterreichische Volksbanken AG serving as the central institutions
respectively. Most savings banks are owned either by a municipality or by a foundation.
Publicly owned savings banks are backed by a public guarantee which is underpinned and
superseded by a mutual assistance obligation. Raiffeisenbanken are characterized by a
“three-tier” system with Raiffeisen Zentralbank and 8 Raiffeisenlandesbanken as central
and regional

institutions respectively. Credit

co-operatives (Volksbanken

and

Raiffeisenbanken) include mostly very small banks where depositors are the shareholders.

8

Including special purpose banks established for special financing purposes, such banks do not have full
banking licenses.
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A mutual assistance obligation similar to that of the savings banks’ sector links the
Raiffeisenbanken with the Volksbanken.

Chart 1: Individual sector percentage shares of the Austrian banks’ aggregate
balance-sheet total

December 2002
Joint stock banks
16%

Volksbanken
5%

Savings banks
38%

Raiffeisenbanken
23%
Special purpose
banks
8%

Source: Oesterreichische Nationalbank

Housing
construction
savings and loan
associations
3%

State mortgage
banks
7%

Within the “multi-tier” sectors, the central or head institution assumes the task of
coordination, including sectoral funding. Moreover, the head institution serves as a
central hub for business done with other sectors. Members of the “two-tier” and “threetier” structure co-operate closely alleviating insolvency problems and preventing
difficulties that could otherwise affect small banks. A particularly strong awareness of
belonging together exists between the credit co-operatives and savings banks. Together
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they form more than 90% of the entire industry. The sectoral organization of the banking
industry has historical roots and while there is little difference in the activities of the
different sectors, the structure remains in place. Such a network structure has important
consequences for our analysis, as commonly intra-network liquidity management is made
possible by large head institutions leading to possible effects on the reaction of member
banks to a shift in monetary policy. Ehrmann and Worms (2004) analyze the reaction of
inter-bank lending to a monetary policy shock in Germany and argue that the existence of
bank networks are indeed important for a bank´s reaction to monetary policy. They find
evidence that smaller banks are able to access the inter-bank market through the head
institution of their network organization. They demonstrate that the reactions of banks
forming part of a network are not solely dependent on bank specific characteristics, but
that rather they depend on the position of the network in the inter-bank market.

Table 1: Banking Systems Overview
Austria
Number of banks per
11.9
100,000 people
% of deposits accounted
38
for by 5 largest banks
% of total bank assets
4
government owned
% of total bank assets
5
foreign owned
Overall bank activities &
1.3
ownership restrictiveness
Professional supervisors
1
per bank
Does an explicit deposit
yes
insurance scheme exist?
% of 10 largest banks rated
80
by int’l agencies
Source: Barth, Capiro and Levine (2001)

Belgium

Finland

Germany

Netherlands

UK

USA

1.2

0.2

3.9

5.1

0.8

3.9

74

97

12

88

n.a.

21

n.a

22

42

6

0

0

n.a

8

4

n.a

n.a.

5

2.3

1.8

1.3

1.5

1.3

3

0.7

0.1

1

n.a

0.7

0.1

yes

yes

yes

yes

yes

yes

50

100

100

30

100

100

Due to the large number of independent banks and branch offices that exist
(5,453), Austria has for many years been considered as being over-banked, with as many
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as 11.9 banks existing per 100,000 people a large proportion when compared to just 3.9
in Germany or the US (see Table 1). In analyzing the bank structure of Austria, it is
evident that while the number of banks is extremely high, the degree of concentration9 is
relatively low largely due to the high number of credit institutions in existence. Austria is
therefore characterized by a banking system with many very small banks, a large
proportion of which can be attributed to its network structure.

Bank supervision and regulation
Compared to other countries, Austria enjoys a high standard of financial
supervision, based on strong institutions and a modern legal framework. A new integrated
supervisory regime took effect in April 2002, under which the Financial Market
Authority performs the banking, securities, insurance, and pension fund supervision and
ensures the adherence of the banking sector to EU banking laws. With the dominant role
that banks play in the Austrian financial sector, supervision holds an important function
in ensuring the ability of the banking system to absorb risks, which is crucial for its
stability.
In Austria, the capital requirements for credit risk and market risk were introduced
in 1993 and 2001 respectively. In terms of credit risk, the Austrian Banking Act requires
banks to hold capital of at least 8% of the total amount of risk-weighted assets.10 Assets
are assigned risk weights according to their assumed rate of credit risk. (0% for items
with low credit risk, 20% for items with below average credit risk, 50% for items with

9

The percentage of deposits accounted for by the five largest banks.
The figure may be increased to 8.5% if it appears to be in the national economic interest in a functioning
banking system.

10
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medium credit risk, 100% for items with high credit risk).11 Capital requirements for
market risks aim to reduce the risk of losses in both on and off-balance sheet positions
arising from movements in market prices. The requirements are therefore relevant for
interest rate related instruments, as well as equities, foreign exchange and commodities in
the trading book. The risk is broken down into “specific risk”12 pertaining to each
individual security and “general risk”13 for the combined portfolio, where short and long
positions in different securities and instruments can be offset. The total capital ratio is
calculated by adding the sum of risk-weighted assets for credit risks to a measure of
market risk multiplied by 12.5 (the reciprocal of the minimum capital ratio of 8%). 14

11

Interested readers should consult Chapter V “The Austrian Banking Act and The Austrian Financial
Market Authority Act” (OeNB 2002a) for further classification of how asset weights are assigned.
12
Specific risk relates to losses that can be determined by market price fluctuations, which are specific to
the economic conditions of the issuer.
13
General risk relates to asset price fluctuations correlated to market developments.
14
In the calculation of capital requirements for credit and market risk a numerical link should be created by
multiplying the measure of 12.5 (the reciprocal of the minimum capital ratio of 8%).
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5. The data

To estimate the model employed in our analysis, we use a sample that includes
quarterly balance sheet data from the first quarter of 1997 to the fourth quarter of 2003.
The data was obtained from the Oesterreichische National Bank (OeNB), which collects
the statistics from all Austrian banks. Effectively, the estimations of the dependent
variable started in 1998 as regulatory capital and maturity classes were only available
from this time. Thus, data preceding 1998 was used only in order to obtain lagged values
of some of the variables.
Only banks that were in business at the end of 2003 were included in our dataset.
The original sample consequently includes 894 banks. In a first step towards cleaning the
data, specialized banks were identified by their banking code and were subsequently
deleted from the sample. In most cases these are banks owned by car producers whose
loans are heavily dependent on new car models, or then foreign banks with branches in
Austria. Many banks in these two groups show a highly volatile loan series. In
considering mergers, we assigned a dummy variable for the buying bank in the quarter
when the merger took place. Since we use the differences of logs for claims on customers
as our proxy for loan growth, we detected further outliers by looking for jumps larger
than 50 or smaller than -50 percent. If a bank showed more than one jump of this kind, it
was omitted from the sample. Quite often this was a good way to identify some more
specialized banks which were not deleted before as they did not bear an according
banking code. If only one jump was identified, which was not explicable by a reported
merger, another dummy variable was added. This was the case for seven banks.
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To keep as much information as possible and in contrast to existing work done
with Austrian bank level data (see Kaufmann, 2001; Frühwirth-Schnatter and Kaufmann,
2005), we use an unbalanced panel, additionally including all banks that were founded
during the sample period and that still existed at the end. After the cleaning process was
completed, 760 banks were left in our dataset. They cover almost 90% of the total loans
and total assets of the initial sample.

Table 2: The Structure of the Banking Sector (sample after cleaning)
Total Assets Dec. 2003
EUR million

Sparkassen (Savings banks)
Erste Bank (central inst.)
Volksbanken (industrial credit cooperatives)
Oesterreichische Volksbank AG
State mortgage banks
Commercial banks*
Raiffeisenkassen (agricultural credit cooperatives)
Raiffeisenzentralbank (head institute)
Raiffeisenlandesbanken
Other banks**
Total
Total assets of banking sector
Percentage in sample

115,750
61,802
33,624
12,742
45,750
178,762
149,583
37,836
45,413
13,884
537,352
605,106
89

% share in
aggregate
total assets
22
6
9
33
28

3

Total Loans to nonfinancial institutions Dec.
2003
EUR million

55,260
20,753
17,253
4,309
28,304
96,977
67,635
10,512
18,104
6,708
272,136

% share in
aggregate
total assets
20
6
10
36
25

2

Number of
banks
64
1
68
1
8
24
595
1
8
1
760

* Note: BA-CA, Austria’s largest bank (105.659 millions of assets) is included in the group of commercial banks even though it is
often shown in Sparkassen.
**We only included Postsparkasse and excluded all other specialized banks from our sample.
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6. The model

To test for the existence of the bank lending and bank capital channels under
different degrees of capitalization in Austria, we employ an empirical model that is
related to the work of the “eurosystem monetary transmission network”.15 The motivation
for adopting this framework is to provide some consistency among existing papers, as
well as some comparability to the most recent studies from other euro area member
countries16 as well as previous studies for Austria.17
We estimate the following equations through the use of instrumental variable
estimators for panels developed by Arellano and Bond (1991). For consistent estimates,
the test of over-identification can not be rejected and therefore autocorrelation of order
two or higher should not exist. In all of the following results, the tests indicated that there
is no autocorrelation of higher order. As this is a common finding within the existing
literature, we only show the results for the autocorrelation test of first and second order.
Furthermore, we estimate heteroscedasticity robust variance-covariance matrices. In this
case the Sargan test of over-identification cannot be performed as the distribution is not
known. In appendix 3 the test of over-identification for the estimations without
heteroscedasticity robust variance-covariance matrices are shown. It is assumed to be
extremely conservative under the aforementioned circumstances. The estimated equation
is given by:

15

The “eurosystem monetary transmission network” is a joint venture between the European Central Bank
and national central banks which investigated the transmission of monetary policy. See Angeloni / Kashyap
/ Mojon (2003).
16
See e.g. Gambacorta and Mistrulli (2004) and the papers of the “eurosystem monetary transmission
network” (Angeloni et al. (2003)).
17
See e.g. Kaufmann (2001, 2003).
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(1)
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3

3

j =0

j =0

∆ ln Lit = ∑α j ∆ ln Lit − j +∑ β j ∆MPt − j +∑ϕ j ∆ ln REERt − j +∑δ j ∆ ln yt − j +λX it−1 +
j =1

j =0

3

3

3

j =1

j =1

j =1

φ∆( ρi ∆MP)t −1 + ∑γ j X it−1 ∆MPt − j +∑η j X it−1∆ ln REERt − j +∑τ j X it−1 ∆ ln yt − j +
3

∑ο SD + ∑κ D + ϑ Ψ + ε
j =1

j

j

it

it

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

Lit

= loans of bank i in quarter t

MPt

= monetary policy indicator (in percentage) 18

yt

= real GDP

REERt

= real effective exchange rate

X it

= measure of excess capital

ρ it

= cost per unit of asset that a bank incurs due to a one per cent
increase in MPt

D

= a set of shift dummies that controls for jumps caused by mergers

SD

= three seasonal dummies

Ψit

= ln(assets) as control variable

To obtain loan growth as an endogenous variable, we make use of a series
containing the banks’ claims to non-financial customers which takes the differences of

18

One percent and a one percentage point change are scaled to 0.01 for all variables to guarantee
consistency with the differences of the logarithm.
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the logarithms in two subsequent periods.19 We have applied the three-month money
market rate (VIBOR) from 1998 to 2003 as the indicator for monetary policy.20 The rate
is a non-weighted average of daily offered rates for inter-bank deposits of the most
important banks on the basis of transactions by these banks. The estimated coefficient of
MP indicates the average-capitalized bank’s reaction to a change in the monetary policy
indicator.
The quarter-on-quarter changes of the real effective exchange rate and quarterly
GDP growth are included to control for loan demand effects. To check for robustness we
take the real estate index IATX instead of GDP.21
The importance of the level of capital for bank lending is tested for by the
inclusion of the normalized variable for excess capital (actual regulatory capital minus
minimum regulatory capital) relative to the period’s average:22

(2)

X it =

ECit / Ait
ECit ∑
− i
Ait
Nt

where EC it measures excess capital while Ait represents total assets of bank i in quarter

t. A distribution curve for excess capital can be found in chart 2 of appendix 3. By
normalizing excess capital, the average-capitalized bank has an X it of zero. This will
simplify the interpretation of the estimated coefficients.
19

In this series foreign loans are included and make up 18.7% of the total loans. Using total loans, leads to
consistency with the maturity transformation costs (see appendix 2). This last figure can only be calculated
based on domestic and foreign assets and liabilities for data availability reasons.
20
Over the observation period, the Austrian Shilling was pegged to the German Mark and consequently, the
German monetary policy, as mirrored by the German interest rate played a relevant role in Austria. We use
the Austrian interest rate as the correlation between the two rates is extremely high.
21
Since the results are rather similar to those obtained for GDP, they will not be shown, but are available
from the authors on request.

22

Notice that we use a measure of excess capital instead of the capital-to-assets
ratio. There are mainly three reasons for measuring capital in this way. First, the amount
of capital held in excess of the required minimum may be interpreted as a ‘cushion’ that
might prevent a fall below the minimum requirement in the future, which would result in
intervention by the supervisor. The simple capital-to-asset ratio only considers the total
amount of capital effectively held by a bank which is composed by two items: regulatory
capital plus excess capital. It is important to note that regulatory capital cannot be used as
a cushion in the face of changing economic conditions, e.g. changes in monetary policy
rate. Excess capital only serves as buffer that can be used to expand (or at least not
reduce) lending above the maximum determined by regulatory capital.23 Therefore, our
measure of excess capital more accurately reflects the extent to which a bank is well
capitalized, as it considers the individual bank’s capacity expand lending when restrictive
monetary policy takes place. Second, the employed measure implicitly accounts for risk
as defined by the Basel I Accord. Finally, by normalizing by the average capitalization of
all banks for the entire sample, the positive and negative deviations from the average
allow for opposite reactions by banks that are low capitalized (below average) and high
capitalized (above average).
The coefficient

λ

captures the influence that the level of a bank´s excess

capitalization has on its average loan growth. A negative and significant value would
support the theory of Diamond and Rajan (2000, 2001). It was shown by Hahn (2002)24
22

The period average was deducted to remove the time trend which was present.
For a short review of the buffer theory and literature references see e.g. Heid, Porath, and Stolz (2003).
Note also the analogy of excess capital and excess reserves, the later of which serving as a buffer against
unexpected cash losses.
25
However, Hahn’s results have to be treated cautiously as the study uses yearly data and thus only
consists of five points in time. Furthermore, a static estimation is used and not regulatory numbers are taken
into consideration.
23

23

that for Austria, increasing levels of capital held by banks are traded off by a reduction in
lending.
The

interaction

terms

3

∑γ
j =1

3

∑τ
j =1

j

j

3

∑η

X it −1 ∆MPt − j ,

j =1

j

X it −1 ∆ ln REERt − j ,

and

X it −1 ∆ ln y t − j are used to control for endogeneity. Furthermore, they serve to test for

asymmetric reactions across banks to macroeconomic shocks due to their degree of
capitalization. As the average-capitalized bank has a capitalization of 0, its reaction to
changes in the interest rate, REER, and GDP is reflected in the estimated coefficients for
these macro-variables. With the above interaction terms, we can see whether low and
high-capitalized banks react in a different manner. If the estimated total effects of the
interaction terms25 are significant, then there is an asymmetric reaction. In addition, a
positive and significant sign for the total effect of

3

∑γ
j =1

j

X it −1 ∆MPt − j (for j = 1 to 3) would

mean that banks’ lending reaction to an interest rate change depends on the degree of
capitalization. This would indicate that low capitalized banks react more restrictively to
an increase in the monetary policy indicator than well capitalized banks and would thus
provide evidence in favor of the existence of an active bank-lending channel.
The existence of the bank capital channel is based on a maturity mismatch
resulting in transformation costs incurred by changes in the stance of monetary policy.

26

In the calculation of the total effect of monetary policy (generally called long-term coefficient in the
literature), the dynamic structure of the model has to be taken into account. The coefficient for the
monetary policy indicator is calculated as follows:

3

8

j =0

j =1

∑ β j /(1 − ∑ α j ) . Other total effects are calculated

in the same way.
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The calculation of such a maturity transformation therefore facilitates the calculation of
the overall potential cost bank i faces due to its interest rate exposure.

(3)

ρi =

∑ (χ
i

i

⋅ Ai − ζ i ⋅ Pi )

∑A

i

i

The calculation above demonstrates that the cost ρ i a bank faces depends on the
amount of assets A or liabilities P of j months-to-maturity as well as on the sensitivity of
assets χ j or liabilities ζ j to a one-per-cent increase in the interest rate.26 A justification
of the calculation of ρ i is expanded in appendix 2. For each bank and for each time
period, a bank specific variable ρ i has been calculated. The variable ρ i assumes positive
values for costs (per unit of assets) after an increase of the monetary policy indicator by
one percentage point. ρ i has then been multiplied by the absolute change in the interest
rate in order to obtain a proxy for the maturity transformation costs for each bank in each
period. Differences are then taken to estimate the reaction of bank lending due to a
change in maturity transformation costs. In order to verify the existence of a bank capital
channel in this set-up, the parameter estimate has to be negative; i.e. transformation costs
have a negative effect on lending.

26

If ∑ ( χ j ⋅ A j − ζ j ⋅ Pj ) > 0 then

ρ i represents the cost per unit of asset i that the bank suffers in the

case of a one percentage point rise in the interest rate. In case of a negative sign there is a profit of maturity
transformation for an increase of the interest rate.
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We used the logarithm of total assets as a variable to control for bank size.27
Furthermore, three seasonal dummies are introduced to capture seasonal effects.
Explanations on the shift dummies for mergers are provided in section 4.
The critical reader may wonder if we run into an endogeneity bias with our panel
setting. Theoretically speaking this could be the case if the European Central Bank
reacted to some situation specific to Austria and thus the interest rate would not be
exogenous any more. We think that this is not a practical problem for several reasons.
First, we use bank level data. From an economic point of view it is extremely unlikely
that the European Central Bank changes the interest rate setting behavior in reaction to
the situation of one specific Austrian bank. Hence, the interest rate can be considered as
exogenous for each Austrian bank. Second, from an econometric point of view we were
particularly careful in trying to control for endogeneity. As mentioned above we used
lags of the regressors and interacted them with the macro variables and instrumented
them with their own lags in the GMM setting. Furthermore, in an additional check of
robustness, we use the residuals of a Vector Error Correction Model to see how banks
react to unanticipated changes in the stance of monetary policy.

27

When using the assets lagged by one period or alternatively, when omitting this variable entirely, the
estimated coefficients are pretty similar. In some specifications the estimation does however suffer from
some higher order autocorrelation as a consequence, which may be due to jumps caused by merger activity.
Thus we chose the above equation that is assumed not to run into a simultaneity bias as the variable is
instrumented and the alternative specifications deliver similar results.
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7. The results

The standard specification indicates that the “average” Austrian bank shows
almost no reaction to changes in the interest rate in the long run (see Table 3). The
estimated total effect for MP is slightly negative but not significant. Interestingly, the
short run coefficients (which are not shown in the table for brevity) show that during the
period of the interest rate increase, as well as one quarter later, lending decreases by
between 1% and 1.5%. Two periods following the shift, lending increases by almost the
same amount. The estimated short term coefficients are all highly significant at the 1%
level.
Table 3: Results of the standard specification
Variable

L.T. Coefficient

p-value

∆MP

-0.06

0.73

X*∆MP

4.82

0.01***

∆lnGDP

1.26

0.00***

X*∆lnGDP

-1.12

0.03**

∆lnREER

-0.61

0.06*

X*∆lnREER

8.00

0.02**

Mat. Trans. Cost
3.79
0.24
Excess Capital
-0.04
0.35
A-B-test for autocorrelation in residuals (p-value):
order one:
0.00
order two:
0.39
(H0: no autocorrelation)
Sargan-test for non-robust estimation (p-value):
0.82

According to the highly significant estimated coefficient for γ j (for j = 1 to 3),
low and high-capitalized banks react in a different way to changes in the interest rate.
Low-capitalized banks behave more restrictively in cases of an interest rate increase
while high-capitalized banks react more expansively. To illustrate this: using the
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estimated coefficient, a bank that belongs to the group of 10% best capitalized banks
reduces lending by 0.3% less than the “average” bank. For the low-capitalized bank the
additional decrease would be 0.1%.28 The results provide evidence for the existence of a
bank lending channel in Austria. These results differ somewhat to the existing literature
for Austria (Kaufmann, 2001, Frühwirth-Schnatter and Kaufmann, 2005) which finds
some evidence for the bank lending channel when using liquidity29 as a distinguishing
feature. The asymmetric reaction is however due to the existence of very small banks.
Thus the effect on the Austrian economy is considered to be rather irrelevant. As shown
in appendix 3 the 10% lowest capitalized banks in our sample make up about 10% of the
banking sector’s assets and loans, whereas the highest capitalized banks constitute a
much smaller portion. As a consequence, the reaction of the low capitalized banks can
not be neglected as expected effects of the transmission of monetary policy to the real
economy may exist.
Lending increases by 1.26% when GDP rises by 1%. This positive relation is in
line with expectations. Again, there is an asymmetric reaction due to capitalization. Lowcapitalized banks are more “procyclical” than well-capitalized banks. This may be an
indication speaking in favor of the problem pointed out by Borio et al. (2001, see section
3). The estimated coefficient for REER has to be considered with caution as it is only
significant at the 10% level, whereas the asymmetric reaction on REER changes show
significance at the 5% level.

28

These numbers have been calculated as follows: estimated coefficient (4.82) * average capitalization of
the 10% best capitalized banks (0.064) * one percent interest rate increase (0.01) = 0.0031.
29
During the sample periods of the aforementioned studies, numbers for regulatory capital were not yet
available.
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We do not find evidence for the bank capital channel in the specification as the
estimated coefficient for the maturity transformation costs is not significant. This could
be due to the structure of maturity transformation in the Austrian system. Especially
small banks’ liabilities have a longer maturity structure than their assets. As a result,
these banks do not suffer from maturity transformation costs in case of a monetary
tightening. It is possible that this phenomenon could be explained by the network
structure of Austrian banks. As discussed in section 3, local savings and cooperative
banks are organized in a one and two tier system respectively. Head institutes can thus
play an important role in times of a monetary contraction by providing liquidity. Our
results are in line with the results of Ehrmann and Worms (2004) who examine banks’
network structure in Germany (see appendix 3 for further explanations related to this
issue). Furthermore, most of the Austrian loans are either short term or have flexible
interest rates. As a consequence in times of monetary tightening Austrian banks can
adjust the interest rates for medium- and long-term loans, while they have to adjust the
interest rate for deposits. This means that they do not bear maturity transformation costs.
Another reason could be the structure of the overall banking system which consists
mainly of savings banks and credit cooperatives which do not necessarily only maximize
their profits.
Finally, the estimated coefficient for excess capital gives no indication that well
and low-capitalized banks have a differing average loan growth. Thus, Hahn´s (2002)
result within a different model set-up and a different sample period, could not be
confirmed.30

30

See footnote 17 for the criticism of his model set-up.
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In order to account for the potentially different reaction in lending of certain
sectors of the Austrian banking industry, we applied the same model setup as in the
standard regression for the cooperative banks alone (Genossenschaftsbanken). As shown
in Table 4 the signs in this regression, as well as the insignificance of the monetary policy
variable, are the same as in the standard regression. The difference lies in the significance
levels (none of the variables are significant at the 1% level). The size of the effects are all
larger than those for the entire sample. There also remains the discrepancy in reaction for
different degrees of capitalization, which is significant at the 5% level for GDP and
REER and at the 10% level for interest rate changes. Maturity transformation and the
level of capitalization play no role here either.
Table 4: Cooperative Banks (Genossenschaftsbanken)
Variable

L.T. Coefficient

p-value

∆MP

-0.45

0.17

X*∆MP

6.91

0.08*

∆lnGDP

2.16

0.02**

X*∆lnGDP

-1.67

0.04**

∆lnREER

-0.92

0.10

X*∆lnREER

12.19

0.04**

Mat. Trans. Cost

0.08

0.16

Excess Capital
0.06
0.50
A-B-test for autocorrelation in residuals (p-value):
order one:
0.00
order two:
0.19
(H0: no autocorrelation)
Sargan-test for non-robust estimation (p-value):
1.00

30

8. Alternative specifications to test for robustness

i) Time Dummies

In a first robustness check, we examine whether all time effects are captured by
the macro-variables. The following model is specified:
8
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∆ ln Lit = ∑α j ∆ ln Lit − j + ∑ β j TDt +λX it −1 + φ∆(ρ i ∆MP) t −1 +
j =1

(4)

j =10

3

3

3

j =1

j =1

j =1

∑γ j X it−1∆MPt − j +∑η j X it−1∆REERt − j +∑τ j X it−1∆ ln yt − j +
3

∑ο
j =1

j

SD j + ∑κ D + ϑ Ψit + ε it

where TDt is a time dummy for each period, which replaces changes in MP, GDP, and
REER in the standard specification. If the estimated coefficients of the remaining
variables are similar to those already obtained, then we would have an indication that the
previous equation has been well specified with regard to the time effect of the panel.

Table 5: Time Dummies
Variable

L.T. Coefficient

p-value

X*∆MP

5.26

0.01***

X*∆lnGDP

-1.14

0.04**

X*∆lnREER

7.93

0.04**

Mat. Trans. Cost

4.78

0.18

Excess Capital
-0.05
0.38
A-B-test for autocorrelation in residuals (p-value):
order one:
0.00
order two:
0.44
(H0: no autocorrelation)
Sargan-test for non-robust estimation (p-value):
0.76
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This robustness check (see Table 5) confirms the choice of the macro-variables. The
estimated coefficients for the interaction terms as well as the micro-variables and their
significances are comparable to those in the specification above.

ii) VECM Residuals as alternative indicator for monetary policy

In a second specification to test for robustness, we identify an alternative measure
for monetary policy shocks given by the disturbance term of a Vector Error Correction
Model (VECM). The logic behind this procedure is to capture the information contained
by the deviations (the residuals) from the assumed rule followed by the monetary policy,
(the VECM) to influence main macroeconomic variables. In other words, the residuals of
the VECM are likely to contain additional information that is not observable in the simple
interest rate series, namely, the deviations from the systematic part of the monetary
policy. In this context, the VECM specification is given by:
A0 Yt = A1Yt −1 + A2 Yt − 2 + ... + A p Yt − p + u t

(5)
with

u t ~ iid N ( 0, Σ u )

The variables included in the vector Yt are ordered as follows: logarithm of gross
domestic product, logarithm of consumer price index, monetary policy indicator
(VIBOR) and the logarithm of the real effective exchange rate.31 We then replace the
monetary policy indicator VIBOR by a vector that contains the residuals of the interest

31

See appendix 1 for a detailed description of the VECM model used to identify the monetary policy
shocks.

32

rate equation in the VECM model. Under this new specification the econometric model is
given by:
8

3

j =1

j =0

3

3

∆ ln Lit = ∑α j ∆ ln Lit− j +∑ β j ∆MPRvecmt − j +∑ϕ j ∆ ln REERt − j +∑δ j ∆ ln yt − j +
(6)

j =0

j =0

3

3

j =1

j =1

λX it−1 + φ∆( ρ i ∆MPRvecm) t −1 + ∑ γ j X it−1∆MPRvecmt − j +∑η j X it−1∆ ln REERt − j +
3

∑τ
j =1

3

j

X it−1∆ ln yt − j +∑ο j SDj + ∑ κ D + ϑ Ψit + ε it
j =1

where MPt − j in equation (1) is replaced by MPRvecm t − j . The results are shown in Table
6.
Table 6: VECM Residuals
Variable

L.T. Coefficient

p-value

∆ ResVECM

0.77

0.03**

X*∆ ResVECM

12.56

0.05**

∆lnGDP

-0.01

0.94

X*∆lnGDP

-1.41

0.00***

∆lnREER

-0.57

0.00***

X*∆lnREER

7.46

0.03**

Mat. Trans. Cost

4.58

0.33

Excess Capital
-0.01
0.89
A-B-test for autocorrelation in residuals (p-value):
order one:
0.00
order two:
0.70
(H0: no autocorrelation)
Sargan-test for non-robust estimation (p-value):
0.69

The total effect of our identified monetary policy shocks is positive and
significant at the 5% level. This is an interesting finding for two reasons. First, it is in line
with the evidence found in prior studies and indicates that Austrian banks react by
expanding lending when the monetary policy is tightened.32 Long-term bank-customer
relationships are strongly rooted and important in Austria (“Hausbankprinzip”) and serve
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as a possible explanation for the puzzling finding. Kaufmann (2001) finds evidence of
this counter-cyclical effect during periods of an economic slump. The majority of banks
in Austria are small cooperatives or savings banks that do not necessarily follow only
profit maximizing principles. In our sample we have 661 cooperatives and 63 local
savings banks. The situation may have been amplified due to our data cleaning procedure
as we omitted several private banks due to their large loan volatility (see section 4).
Second, it suggests that the real monetary policy indicator could be different from the
commonly adopted three-month interest rate (VIBOR) and it could therefore be better
identified by the residuals of a VECM model.33 The estimated coefficient for REER is
negative (-0.57) and significant at the 1%. In other words, Austrian banks expand their
lending following a depreciation,34 which should not be surprising for a country whose
exports represent about 49% of GDP. The total effect of the interaction term between
excess capital and REER is positive and significant at the 5 % level, and is similar in
magnitude to the coefficient obtained under the standard specification.
While the coefficient for GDP is negative and not significant, the coefficient of
the interaction term between GDP and excess capital is negative and significant at the 1%
level. This last result is somewhat controversial and goes against our findings under other
specifications. Also, interestingly the coefficient of the interaction term between excess
capital and MPRvecm t − j is much larger in magnitude than the stand-alone coefficient for

MPRvecm t − j and significant at the 5% level. This finding is also consistent with the
32

See Kaufmann (2001) and Frühwirth-Schnatter and Kaufmann (2003).
Since this alternative measure of the monetary policy indicator is given by estimated residual values the
results presented under this specification must be interpreted carefully. It would be advisable to perform a
bootstrap procedure in order to investigate the convergence of our results. Due to the limited amount of
time we had during our research stay at the Austrian National Bank, we were unable to perform such an
analysis.
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evidence presented by Gambacorta and Mistrulli (2004) for the case of Italy. Finally, the
coefficients of the maturity transformation cost variable and of excess capital are not
significantly different from 0, indicating that both the bank capital channel hypothesis
and the level of capitalization do not play a role in explaining the growth in lending.

c) Real lending

In a final check of robustness (Table 7), real loan growth and the real interest rate
are used instead of nominal values. Thus we can compare the reaction in nominal terms
to that in real terms.
Table 7: Real Variables
Variable

L.T. Coefficient

p-value

∆Real-MP

0.54

0.01***

X*∆Real-MP

3.64

0.04**

∆lnReal-GDP

0.66

0.00***

X*∆lnReal-GDP

-1.35

0.01***

∆lnREER

1.30

0.00***

X*∆lnREER

8.21

0.01***

Mat. Trans. Cost
0.93
0.73
Excess Capital
0.00
0.95
A-B-test for autocorrelation in residuals (p-value):
order one:
0.00
order two:
0.73
(H0: no autocorrelation)
Sargan-test for non-robust estimation (p-value):
1.00

The average reaction of lending to a change in the stance of monetary policy is positive
and significant at the 1% percent significance level and thus confirms the results of the
studies mentioned above. It further confirms the specification with VECM residuals for
nominal values. In contrast, the insignificant effect in our standard model is again put into
question. Capitalization causes a differential lending reaction as indicated by the
34

REER is defined in a way that increasing values indicate a real appreciation.
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significant coefficients of the interaction term. The coefficients for real GDP, and that of
its interaction with capitalization, are both highly significant and with the expected signs.
The real effective exchange rate has a significant but unexpected positive sign. The
coefficients for the change in the maturity transformation costs and the level effect of
capitalization are, as in all specifications, insignificant. Hence we cannot find evidence
for either the bank capital channel or an effect of the level of capitalization on lending.
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9. Conclusion

Using quarterly balance sheet data from the OeNB covering all Austrian banks, we
employed an unbalanced panel to test for the existence of a bank lending and a bank
capital channel, under different degrees of capitalization.
While we are successful in finding evidence of the bank-lending channel, we are
unable to confirm the existence of a bank capital channel in Austria. A possible reason
for our inability to identify the capital channel could be attributed to the fact that until
only recently the OeNB merely collected five maturity classes for bank assets and
liabilities instead of the thirteen classes suggested by the amendment of the Basel Accord
to include market risk (1996). Another potential source of weakness could be the
structure of maturity transformation in the Austrian system. An irregularity appears to
exist whereby many Austrian banks show maturity transformation profits rather than
transformation costs. The important network structure in place within the country, serves
as a further possible explanation as the existence of networks have a powerful implication
on the reaction of banks’ to changes in monetary policy.
Relating to the measure commonly adopted as the indicator for monetary policy
shocks, we make an interesting finding. When we identify monetary policy shocks by the
deviation of the rule followed by the central bank, i.e. the systematic part of the monetary
policy, we observe that the estimated coefficients show both different signs as well as a
different magnitude. The latter measure for monetary policy shocks has not been used
frequently in the literature for Austria. Our results indicate that further research in this
area may be fruitful.
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Appendix 1

Vector Autoregressions (VARs) and Vector Error Correction Models (VECMs)
have become a standard tool in economics to identify the response of macroeconomic
variables to monetary policy shocks. Christiano et al. (1996) specify a model that has
become the standard for the US. For the case of Austria however, it is more difficult to
find such a “benchmark” model. Here we subsequently use the specification of Ehrmann
(2000) in order to compare our estimations. All such models relate back to Sims (1980)
and assume that the economy can be described by the following structural equation:

A0 Yt = A1Yt −1 + A2 Yt − 2 + ... + A p Yt − p + u t

(A1.1)
with

u t ~ iid N ( 0, Σ u )

where Yt −i (with i = 0,1, …, p) is an n × 1 vector of endogenous (macroeconomic)
variables. This model represents the rule followed by the central bank to influence other
macroeconomic variables. Since our goal is to identify monetary shocks, our interest lies
not on the rule itself but rather on deviations from that rule. This allows us to observe the
response of macroeconomic variables to unexpected monetary shocks. The model has to
be estimated in its reduced form though, which is given by:

(A1.2)

Yt = A0−1 C ( L )Yt −1 + v t
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where C (L) is a finite-order lag polynomial matrix. The relationship between the
structural and the reduced form disturbances is given by.35
v t = A0−1u t

(A1.3)

The set of macroeconomic variables included in the vector Yt were ordered as
follows: logarithm GDP, logarithm of consumer price index (CPI), VIBOR and the
logarithm of the real effective exchange rate. Since the variable VIBOR does not enter in
logarithms in the panel regression we do not apply logarithms to the variable VIBOR in
the VECM regression. This allows us to compare the results of the panel regression when
we use the VECM residuals as the monetary policy shock indicator. The model is
estimated by 2SLS, the chosen order of cointegration is 2 and the number of lags of the
endogenous variables is 4.36

35

For an excellent discussion on models used to identify monetary policy shocks, see Christiano et al.
(1999). Watson (1994) offers a straightforward presentation of VAR and SVAR systems and the problem
of their identification.
36
Ehrmann (2000) also uses a cointegration rank of order 2 to estimate the monetary rule for Austria,
however, he uses only 2 lags for the endogenous variable.
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Appendix 2

In order to calculate ρ i , the cost a bank faces due to the maturity transformation,
we employ the following:

ρi =

∑ (χ
j

j

⋅ A j − ζ j ⋅ Pj )

∑A

j

j

The sensitivities ( χ j and ζ j ) are obtained directly from the supervisory
regulation,37 which gives banks the liberty to decide whether to opt for the “maturity
method“ or the “duration method”38 in its treatment of general market risk for all
securities forming part of the trading portfolio. Under the “maturity method” assets and
liabilities are grouped according to maturity bands and risk weights are subsequently
imposed on the netted out positions. While banks are potentially exposed to interest rate
risk on all of their interest-rate related assets and liabilities,39 the regulation deals only
with the trading portfolio. In order to determine the existence of a bank capital channel
however, it is necessary to consider the change in the economic value of a bank due to a
change in the interest rate rather than purely the change in the capital requirement for the
bank. It is therefore required to take into account total assets and liabilities rather than
those merely existing in the trading portfolio. The extent to which the economic value of
a bank is exposed to interest rate changes is dependent on the degree of maturity

37

The amendment to the Basel Accord to incorporate Market Risks, Basle Committee January 1996.
With the supervisors consent allows the bank to calculate the price sensitivity of each position separately,
giving a more accurate measure for overall market risk.
39
Independent of whether they are held for trading and marked to market or for a longer time horizon and
carried at book value.
38
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mismatch ρ i that the bank is holding.40 While several arguments against the use of the
same methodology for all assets and liabilities irrespective of whether they have been
marked to market or held at book value have been brought forward, it is equally clear that
from an economic perspective the effect of a change in interest rates on any given
financial instrument is the same regardless of whether the instrument is held in a trading
portfolio or on the banking book (“Measurement of Bank’s Exposure to Interest Rate
Risk”, Committees at the Bank for International Settlement). We have therefore adopted
the risk weights for the interest rate risk in market risk proposals as from Table 1 from the
amended Accord.41 In order to differentiate between the assets that are marked to market
and those that are carried at book value, the latter have been multiplied not only by a risk
weight (as those marked to market) but also by a duration weight which adjusts the figure
in order to reflect the relative volatility of interest rates across the term structure. For each
bank, for each time period, a bank specific variable has been calculated. This figure has
then been multiplied by the change in interest rate in order to gain an insight into the
relative gain or loss per unit of asset in each period.

40

If a bank is funding five-year fixed rate loans with short-term deposits, it is exposed to changes in interest
rates. But if it funds these loans with deposits having the same maturity and cash-flow characteristics, it is
not exposed, since any change in the economic value of the loans would be offset by a change in the
economic value of the deposits.
41
Amendment to the Capital Accord to include Market Risk, Basel Committee (1996)
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Appendix 3
i) Distribution of excess capital

The distribution of excess capital for the banks in our sample for all time periods can be
seen in Chart 2 below.
Chart 2: Distribution of excess capital over all banks and time periods
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As we use a relative measure of capitalization, the size of differently capitalized banks
may provide some further insights. The lowest capitalized banks, which make up the 10th
percentile of capitalization (-0.03 on average), have 9.0% (10.7%) of the total banking
sector’s assets (loans) on their books. In contrast, the ‘best’ capitalized banks in the 90th
percentile (+0.03 on average) make up 2.2% (2.1%) of the total banking sector’s assets
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(loans). This means that low-capitalized banks have about the size of the ‘average’ bank,
whereas high-capitalized banks are disproportionally small.

ii) Structure of maturity transformation costs

The distribution of the maturity transformation costs looks as follows:
Table 8: Structure of unweighted rhos in the Austrian banking system
Overall sector Cooperative Banks Savings Banks State mortgage banks Joint stock banks
Rho
-0.20
-0.22
-0.01
0.38
0.44

Surprisingly, the unweighted rho of the overall banking sector is negative. This
means that many banks have maturity transformation profits, which is counter-intuitive as
performing a maturity transformation, is one of the basic functions of any bank. In the
sample, there are 17,369 quarterly observations for rho. We observe 9,244 negative rhos
(maturity transformation profits), while only 8,125 positive rhos (costs).
At a first glance at the data, it is already evident that cooperative banks show
maturity transformation profits and that they dominate the unweighted average. As many
as 595 out of 760 banks belonged to the cooperatives sector in December 2003.
We therefore weight the rhos with the assets in the following way:

∑ ∑ rho * A
rho − weighted =
∑ ∑ A
T

N

t =1

n =1

it

T

N

t =1

n =1

it

it

By doing this, we obtain an average rho of 0.44 for the total banking sector which
is coincidentally the same as that for joint stock banks. This is a clear sign that Austrian
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banks on average do perform maturity transformation, but that smaller banks in the
cooperatives’ sector do not.
Ehrmann and Worms (2004) analyse the importance of bank networks for banks’
reaction to changes in monetary policy. They show that for Germany, networks’ head
institutions accept short-term deposits from member banks in return for longer-term loans
to those banks. Based on this, when a shift in monetary policy occurs, funds are
distributed within the network. In the case of a monetary tightening for example, member
banks are able to make use of liquidity buffers held with their head institution. Such
activity has powerful implications for monetary policy transmission as it counteracts any
size-related distributional effects between banks in any country where such networks are
in existence.
To test for such a network structure in Austria, we merged the balance sheets of
the local cooperative banks and savings banks with their respective head institutions (8
head institutes for cooperative banks on a state level and Erste Bank for the savings
banks) and calculated rhos for the fictively merged banks. In 2003, only one out of the
eight merged cooperative head institutes had on average a negative rho. All others,
including the merged Erste Bank had on average positive rhos in 2003. Bearing in mind
that the cooperatives sector is organised according to the ‘two-tier’ system, when merging
the whole sector, we get positive rhos. It is therefore evident that a similar network
structure exists in Austria as described for Germany by Ehrmann and Worms (2004).
When we ran panel estimations with the merged head institutions and the rest of
the banking sector, the estimated coefficients were not significant. This provides an
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indication while the network structure plays a very important role; lending decisions are
largely taken at the local level.

50

Index of Working Papers:
)

August 28,
1990

Pauer Franz

11

March 20,
1991

Backé Peter

2

March 14,
1991

Pauer Franz

3

May 28, 1991

Mauler Kurt

4

July 16, 1991

Pauer Franz

5

August 1, 1991 Backé Peter

6

August 8, 1991 Holzmann Robert

7

January 27,
1992

Pauer Franz

8

October 12,
1992

Hochreiter Eduard
(Editor)

9

November 10,
1992

Hochreiter Eduard and
Winckler Georg

10

1)
2)
3)
4)
5)

Hat Böhm-Bawerk Recht gehabt? Zum Zusammenhang zwischen Handelsbilanzpassivum und Budgetdefizit in den USA2)

1)

Ost- und Mitteleuropa auf dem Weg zur
Marktwirtschaft - Anpassungskrise 1990

1)

Die Wirtschaft Österreichs im Vergleich zu
den EG-Staaten - eine makroökonomische
Analyse für die 80er Jahre

1)

The Soviet Banking Reform

1)

Die Auswirkungen der Finanzmarkt- und
Kapitalverkehrsliberalisierung auf die
Wirtschaftsentwicklung und Wirtschaftspolitik
in Norwegen, Schweden, Finnland und
Großbritannien - mögliche Konsequenzen für
Österreich3)

1)

Zwei Jahre G-24-Prozess: Bestandsaufnahme und Perspektiven unter besonderer
Berücksichtigung makroökonomischer
Unterstützungsleistungen4)

1)

Die Finanzoperationen der öffentlichen
Haushalte der Reformländer CSFR, Polen
und Ungarn: Eine erste quantitative Analyse

1)

Erfüllung der Konvergenzkriterien durch die
EG-Staaten und die EG-Mitgliedswerber
Schweden und Österreich5)

1)

Alternative Strategies For Overcoming the
Current Output Decline of Economies in
Transition

1)

Signaling a Hard Currency Strategy: The
Case of Austria

vergriffen (out of print)
In abgeänderter Form erschienen in Berichte und Studien Nr. 4/1990, S 74 ff
In abgeänderter Form erschienen in Berichte und Studien Nr. 4/1991, S 44 ff
In abgeänderter Form erschienen in Berichte und Studien Nr. 3/1991, S 39 ff
In abgeänderter Form erschienen in Berichte und Studien Nr. 1/1992, S 54 ff

51

March 12, 1993

Hochreiter Eduard
(Editor)

11 The Impact of the Opening-up of the East on
the Austrian Economy - A First Quantitative
Assessment

June 8, 1993

Anulova Guzel

12 The Scope for Regional Autonomy in Russia

July 14, 1993

Mundell Robert

13 EMU and the International Monetary System: A Transatlantic Perspective

November 29,
1993

Hochreiter Eduard

14 Austria’s Role as a Bridgehead Between
East and West

March 8, 1994

Hochreiter Eduard
(Editor)

15 Prospects for Growth in Eastern Europe

June 8, 1994

Mader Richard

16 A Survey of the Austrian Capital Market

September 1,
1994

Andersen Palle and
Dittus Peter

17 Trade and Employment: Can We Afford
Better Market Access for Eastern Europe?

November 21,
1994

Rautava Jouko

18

1)

Interdependence of Politics and Economic
Development: Financial Stabilization in
Russia

January 30, 1995 Hochreiter Eduard
(Editor)

19 Austrian Exchange Rate Policy and
European Monetary Integration - Selected
Issues

October 3, 1995

Groeneveld Hans

20 Monetary Spill-over Effects in the ERM: The
Case of Austria, a Former Shadow Member

December 6,
1995

Frydman Roman et al

21 Investing in Insider-dominated Firms: A
Study of Voucher Privatization Funds in
Russia

March 5, 1996

Wissels Rutger

22 Recovery in Eastern Europe: Pessimism
Confounded ?

June 25, 1996

Pauer Franz

23 Will Asymmetric Shocks Pose a Serious
Problem in EMU?

September 19,
1997

Koch Elmar B.

24 Exchange Rates and Monetary Policy in
Central Europe - a Survey of Some Issues

April 15, 1998

Weber Axel A.

25 Sources of Currency Crises: An Empirical
Analysis

52

May 28,1998

26 Structural Budget Deficits and Sustainability
of Fiscal Positions in the European Union

June 15, 1998

Brandner Peter,
Diebalek Leopold and
Schuberth Helene
Canzeroni Matthew,
Cumby Robert, Diba
Behzad and Eudey
Gwen

June 20, 1998

MacDonald Ronald

28 What Do We Really Know About Real
Exchange Rates?

June 30, 1998

Campa José and Wolf
Holger

29 Goods Arbitrage and Real Exchange Rate
Stationarity

July 3,1998

Papell David H.

30 The Great Appreciation, the Great
Depreciation, and the Purchasing Power
Parity Hypothesis

July 20,1998

Chinn Menzie David

31 The Usual Suspects? Productivity and
Demand Shocks and Asia-Pacific Real
Exchange Rates

July 30,1998

Cecchetti Stephen G.,
Mark Nelson C.,
Sonora Robert

32 Price Level Convergence Among United
States Cities: Lessons for the European
Central Bank

September 30,
1998

Christine Gartner, Gert
Wehinger

33 Core Inflation in Selected European Union
Countries

November 5,
1998

José Viñals and Juan
F. Jimeno

34 The Impact of EMU on European
Unemployment

December 11,
1998

Helene Schuberth and
Gert Wehinger

35 Room for Manoeuvre of Economic Policy in
the EU Countries – Are there Costs of
Joining EMU?

December 21,
1998

Dennis C. Mueller and
Burkhard Raunig

36 Heterogeneities within Industries and
Structure-Performance Models

May 21, 1999

Alois Geyer and
Richard Mader

37 Estimation of the Term Structure of Interest
Rates – A Parametric Approach

July 29, 1999

José Viñals and Javier
Vallés

38 On the Real Effects of Monetary Policy: A
Central Banker´s View

December 20,
1999

John R. Freeman, Jude
C. Hays and Helmut
Stix

39 Democracy and Markets: The Case of
Exchange Rates

27 Trends in European Productivity:
Implications for Real Exchange Rates, Real
Interest Rates and Inflation Differentials

53

March 01, 2000

Eduard Hochreiter and
Tadeusz Kowalski

40 Central Banks in European Emerging
Market
Economies in the 1990s

March 20, 2000

Katrin Wesche

41 Is there a Credit Channel in Austria?
The Impact of Monetary Policy on Firms’
Investment Decisions

June 20, 2000

Jarko Fidrmuc and Jan
Fidrmuc

42 Integration, Disintegration and Trade in
Europe: Evolution of Trade Relations During
the 1990s

March 06, 2001

Marc Flandreau

43 The Bank, the States, and the Market,
A Austro-Hungarian Tale for Euroland,
1867-1914

May 01, 2001

Otmar Issing

44 The Euro Area and the Single Monetary
Policy

May 18, 2001

Sylvia Kaufmann

45 Is there an asymmetric effect of monetary
policy over time? A Bayesian analysis using
Austrian data.

May 31, 2001

Paul De Grauwe and
Marianna Grimaldi

46 Exchange Rates, Prices and Money. A Long
Run Perspective

June 25, 2001

Vítor Gaspar,
Gabriel Perez-Quiros
and Jorge Sicilia

47 The ECB Monetary Strategy and the Money
Market

July 27, 2001

David T. Llewellyn

48 A Regulatory Regime For Financial Stability

August 24, 2001

Helmut Elsinger and
Martin Summer

49 Arbitrage Arbitrage and Optimal Portfolio
Choice with Financial Constraints

September 1,
2001

Michael D. Goldberg
and Roman Frydman

50 Macroeconomic Fundamentals and the
DM/$ Exchange Rate: Temporal Instability
and the Monetary Model

September 8,
2001

Vittorio Corbo,
Oscar Landerretche
and Klaus
Schmidt-Hebbel

51 Assessing Inflation Targeting after a Decade
of World Experience

September 25,
2001

Kenneth N. Kuttner and
Adam S. Posen

52 Beyond Bipolar: A Three-Dimensional
Assessment of Monetary Frameworks

54

October 1, 2001

Luca Dedola and
Sylvain Leduc

53 Why Is the Business-Cycle Behavior of
Fundamentals Alike Across Exchange-Rate
Regimes?

October 10, 2001 Tommaso Monacelli

54 New International Monetary Arrangements
and the Exchange Rate

December 3,
2001

Peter Brandner,
Harald Grech and
Helmut Stix

55 The Effectiveness of Central Bank
Intervention in the EMS: The Post 1993
Experience

January 2, 2002

Sylvia Kaufmann

56 Asymmetries in Bank Lending Behaviour.
Austria During the 1990s

January 7, 2002

Martin Summer

57 Banking Regulation and Systemic Risk

January 28, 2002 Maria Valderrama

58 Credit Channel and Investment Behavior in
Austria: A Micro-Econometric Approach

February 18,
2002

Gabriela de Raaij
and Burkhard Raunig

59 Evaluating Density Forecasts with an
Application to Stock Market Returns

February 25,
2002

Ben R. Craig and
Joachim G. Keller

60 The Empirical Performance of Option Based
Densities of Foreign Exchange

February 28,
2002

Peter Backé,
Jarko Fidrmuc, Thomas
Reininger and Franz
Schardax

61 Price Dynamics in Central and Eastern
European EU Accession Countries

April 8, 2002

Jesús CrespoCuaresma,
Maria Antoinette Dimitz
and Doris RitzbergerGrünwald

62 Growth, Convergence and EU Membership

May 29, 2002

Markus Knell

63 Wage Formation in Open Economies and
the Role of Monetary and Wage-Setting
Institutions

June 19, 2002

Sylvester C.W.
Eijffinger
(comments by: José
Luis Malo de Molina
and by Franz Seitz)

64 The Federal Design of a Central Bank
in a Monetary Union: The Case of the
European System of Central Banks

55

July 1, 2002

Sebastian Edwards and
I. Igal Magendzo
(comments by Luis
Adalberto Aquino
Cardona and by Hans
Genberg)

65 Dollarization and Economic Performance:
What Do We Really Know?

July 10, 2002

David Begg
(comment by Peter
Bofinger)

66 Growth, Integration, and Macroeconomic
Policy Design: Some Lessons for Latin
America

July 15, 2002

Andrew Berg,
Eduardo Borensztein,
and Paolo Mauro
(comment by Sven
Arndt)

67 An Evaluation of Monetary Regime Options
for Latin America

July 22, 2002

Eduard Hochreiter,
Klaus Schmidt-Hebbel
and Georg Winckler
(comments by Lars
Jonung and George
Tavlas)

68 Monetary Union: European Lessons, Latin
American Prospects

July 29, 2002

Michael J. Artis
(comment by David
Archer)

69 Reflections on the Optimal Currency Area
(OCA) criteria in the light of EMU

August 5, 2002

Jürgen von Hagen,
Susanne Mundschenk
(comments by Thorsten
Polleit, Gernot
Doppelhofer and
Roland Vaubel)

70 Fiscal and Monetary Policy Coordination in
EMU

August 12, 2002

Dimitri Boreiko
(comment by Ryszard
Kokoszczyński)

71 EMU and Accession Countries:
Cluster Analysis of Membership

August 19, 2002

Ansgar Belke and
Daniel Gros (comments
by Luís de Campos e
Cunha, Nuno Alves and
Eduardo Levy-Yeyati)

72 Monetary Integration in the Southern Cone:
Mercosur Is Not Like the EU?

August 26, 2002

Friedrich Fritzer,
Gabriel Moser and
Johann Scharler

73 Forecasting Austrian HICP and its
Components using VAR and ARIMA Models

56

Fuzzy

September 30,
2002

Sebastian Edwards

74 The Great Exchange Rate Debate after
Argentina

October 3,
2002

George Kopits
(comments by Zsolt
Darvas and Gerhard
Illing)

75 Central European EU Accession and
Latin American Integration: Mutual Lessons
in Macroeconomic Policy Design

October 10,
2002

Eduard Hochreiter,
Anton Korinek and
Pierre L. Siklos
(comments by Jeannine
Bailliu and Thorvaldur
Gylfason)

76 The Potential Consequences of Alternative
Exchange Rate Regimes:
A Study of Three Candidate Regions

October 14, 2002 Peter Brandner, Harald
Grech

77 Why Did Central Banks Intervene in the
EMS? The Post 1993 Experience

October 21, 2002 Alfred Stiglbauer,
Florian Stahl, Rudolf
Winter-Ebmer, Josef
Zweimüller

78 Job Creation and Job Destruction in a
Regulated Labor Market: The Case of
Austria

October 28, 2002 Elsinger, Alfred Lehar
and Martin Summer

79 Risk Assessment for Banking Systems

November 4,
2002

Helmut Stix

80 Does Central Bank Intervention Influence
the Probability of a Speculative Attack?
Evidence from the EMS

June 30, 2003

Markus Knell, Helmut
Stix

81 How Robust are Money Demand
Estimations? A Meta-Analytic Approach

July 7, 2003

Helmut Stix

82 How Do Debit Cards Affect Cash Demand?
Survey Data Evidence

July 14, 2003

Sylvia Kaufmann

83 The business cycle of European countries.
Bayesian clustering of country-individual IP
growth series.

July 21, 2003

Jesus Crespo
Cuaresma, Ernest
Gnan, Doris RitzbergerGruenwald

84 Searching for the Natural Rate of Interest: a
Euro-Area Perspective

July 28, 2003

Sylvia FrühwirthSchnatter, Sylvia
Kaufmann

85 Investigating asymmetries in the bank
lending channel. An analysis using Austrian
banks’ balance sheet data

57

September 22,
2003

Burkhard Raunig

86 Testing for Longer Horizon Predictability of
Return Volatility with an Application to the
German DAX

May 3, 2004

Juergen Eichberger,
Martin Summer

87 Bank Capital, Liquidity and Systemic Risk

June 7, 2004

Markus Knell, Helmut
Stix

88 Three Decades of Money Demand Studies.
Some Differences and Remarkable
Similarities

August 27, 2004

Martin Schneider,
Martin Spitzer

89 Forecasting Austrian GDP using the
generalized dynamic factor model

September 20,
2004

Sylvia Kaufmann, Maria
Teresa Valderrama

90 Modeling Credit Aggregates

Oktober 4, 2004

Gabriel Moser, Fabio
Rumler, Johann
Scharler

91 Forecasting Austrian Inflation

November 3,
2004

Michael D. Bordo, Josef
Christl, Harold James,
Christian Just

92 Exchange Rate Regimes Past, Present and
Future

December 29,
2004

Johann Scharler

93 Understanding the Stock Market's Response
to Monetary Policy Shocks

Decembert 31,
2004

Harald Grech

94 What Do German Short-Term Interest Rates
Tell Us About Future Inflation?

February 7,
2005

Markus Knell

95 On the Design of Sustainable and Fair
PAYG - Pension Systems When Cohort
Sizes Change.

March 4, 2005

Stefania P. S. Rossi,
Markus Schwaiger,
Gerhard Winkler

96 Managerial Behavior and Cost/Profit
Efficiency in the Banking Sectors of Central
and Eastern European Countries

April 4, 2005

Ester Faia

97 Financial Differences and Business Cycle
Co-Movements in A Currency Area

May 12, 2005

Federico Ravenna

98 The European Monetary Union as a
Committment Device for New EU Member
States

58

May 23, 2005

Philipp Engler, Terhi
Jokipii, Christian Merkl,
Pablo Rovira Kaltwasser, Lúcio Vinhas
de Souza

99 The Effect of Capital Requirement
Regulation on the Transmission of Monetary
Policy: Evidence from Austria

59

