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Abstract This paper investigates whether home or host
country factors can explain differences in technical effi-
ciency among foreign banks operating in the Luxembourg
financial center. We first address heterogeneity across
banks by using the group-wise bootstrap to compare DEA
measures of bank efficiency between branches and
subsidiaries, focused and diversified banks, and euro area
and non-euro area banks. We then control for these factors
in a second-stage regression indentifying the impact of
country-specific regulatory and macroeconomic variables
on individual bank efficiency scores. Our regulatory indi-
cators capture the strictness of capital requirements, private
monitoring, official disciplinary power and restrictions on
bank activities. Our macroeconomic indicators capture
GDP per capita in the home country and its position in the
business cycle. Our results carry policy implications for
bank regulators in both home and host countries and pro-
vide insight into banks’ choice between establishing a
branch or a subsidiary to develop cross-border activities
through international financial centers.
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1 Introduction

International financial centers contribute to increasing
financial integration in capital markets and the growth of
cross-border banking. Foreign banks in these financial
centers are attracted not just by favourable fiscal and reg-
ulatory frameworks, political stability and better infra-
structure, but also by the opportunity to “go where the
business is”: a presence in financial centers facilitates
interaction with other banks (Tschoegl 2000).

Research on international banking has either focused on
the impact of foreign banks on competition and perfor-
mance in their host country or on comparing banking
performance across countries. However, the literature has
mostly neglected financial centers, although these are a
natural laboratory to analyze cross-border banking since
they are mainly composed of foreign banks.

Papers studying the impact of foreign banks on com-
petition and performance initially focused on emerging
economies and their findings often proved controversial
and inconclusive. In part this was because they did account
for differences between home and host country character-
istics (e.g., Sturm and Williams 2004). More recently,
Sturm and Williams (2008, 2009, 2010) stressed the
importance of national factors in analyzing foreign bank
efficiency in Australia. Lensink et al. (2008) also examined
the relationship between foreign bank efficiency and the
quality of regulation in home and host economies.
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Cross-country comparisons of bank performance inclu-
ded country-specific characteristics as possible explana-
tions for differences in banking efficiency (e.g. Dietsch and
Lozano-Vivas 2000; Berger 2007). A recent set of studies
using frontier techniques found evidence that national
regulation and supervision frameworks had significant
effects on bank performance (Delis et al. 2011; Pasiouras
et al. 2009; Pasiouras 2008; Barth et al. 2010).

A common finding of these two streams of literature is that
accurate measurement of international bank performance
requires accounting for the influence of country-specific
characteristics. However, there remains little empirical evi-
dence on foreign banks in international financial centers.

This paper attempts to fill this gap. When banks operate
across national boundaries, regulatory issues naturally
arise. For instance, either the home country regulator or the
host country regulator may be responsible for a foreign
bank affiliate, depending on the organizational form chosen
to go abroad: branch or subsidiary.

We study the Luxembourg banking sector, which has a
long tradition as financial center since it started to develop
international syndicated loans, euro-bonds and euro-
currency markets in the 1970s (OECD 2008). Over time,
Luxembourg diversified its financial activities while main-
taining a favorable fiscal and regulatory environment to
attract foreign banks (IMF 2009). This is an interesting and
natural laboratory as it is composed by mainly foreign banks.

The existing literature on the performance of foreign
banks in financial centers is limited. Rime and Stiroh
(2003) analysed data from Switzerland, Kwan (2006)
studied banks in Hong Kong, Sufian and Majid (2007)
worked with banks in Singapore, Roubah (2002) and Gu-
arda and Rouabah (2006, 2007) focussed on Luxembourg.
However, all these studies neglected differences in home
and host country characteristics that could explain differ-
ences in bank efficiency.

This paper differs from earlier also because we allow for
bank heterogeneity in several dimensions. We first com-
pare bank efficiency by groups, comparing (1) subsidiaries
versus branches as the organizational form determines the
regulatory scheme (2) diversified versus focused banks as
financial centers may attract more diversified banks serving
a wider set of clients, and (3) euro area versus non-euro
area banks as the latter may face higher entry barriers and
restrictions on activities permitted under the EU Directive.
We then regress individual bank inefficiency scores on the
appropriate regulatory and home-country macroeconomic
characteristics for each bank, accounting for differences
between groups identified in the first step. This analysis
seeks to establish (1) whether foreign banks in financial
centers benefit from characteristics of their home econo-
mies, and (2) whether more stringent regulation and
supervision affect foreign bank efficiency. The latter
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question is particularly important given discussions on
Basel III as a response to the deficiencies in financial
regulation revealed by the global financial crisis.

From a methodological point of view, in the first part of
our analysis we estimate the efficiency of groups of banks,
assuming all banks have access to the same technology,
although their level of efficiency in applying this technol-
ogy could vary depending on certain characteristics. We
implement the group-wise data envelopment analysis
(DEA) algorithm by Simar and Zelenyuk (2007) to esti-
mate group efficiency and then test whether differences
across these groups are statistically significant.

In the second part of our analysis, we examine the main
determinants of individual bank efficiency scores using the
two-stage DEA algorithm developed by Simar and Wilson
(2007): bootstrap estimates of the bias on individual DEA
efficiency scores are used to correct before regressing on a
set of explanatory variables (including dummy variables
identifying bank groups). In this second stage, a truncated
regression with a parametric bootstrap provides a valid
basis for statistical inference.

Summing up, this paper extends the current international
banking literature along two dimensions: (1) it analyzes
foreign-bank efficiency in a financial center, (2) it accounts
for different home country characteristics, in terms of both
economic conditions and regulatory/supervision frame-
works. To the best of our knowledge, we are the first to
investigate the link between DEA efficiency scores and
regulatory/supervisory variables using the statistically rig-
orous bootstrap procedure. The rest of the paper is structured
as follows. Section 2 provides a brief background of the
Luxembourg banking sector. Sections 3 and 4 cover the
literature overview and the econometric framework. Sec-
tion 5 describes the possible determinants of foreign bank
efficiency while Section 6 the data and source. Section 7
discusses the empirical results and Section 8 concludes.

2 Luxembourg banking sector

The Luxembourg banking sector is mostly made up of
foreign banks. Initially associated with international syn-
dicated loans in the early 1960s, the financial sector went
on to introduce euro-bonds and euro-currency markets
(OECD 2008). More recently, it developed as a centre for
private banking and liquidity management within interna-
tional banking groups. Luxembourg has also become the
largest European centre for the domiciliation of investment
funds (IMF 2009). Initially financial sector growth was
encouraged by tax and regulatory advantages as well as
Luxembourg’s swift implementation of EU directives, but
increasingly it reflects a concentration of expertise in
international banking (OECD 2008, 2010).
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Supervisory requirements in Luxembourg differ across
three types of banks: banks incorporated under Luxem-
bourg law (including foreign-bank subsidiaries), branches
of banks incorporated in other EU countries, and branches
of non-EU banks. A foreign bank’s mode of entry may
reflect regulatory differences between home and host
country. For example, a parent bank may choose to
establish a subsidiary that will be supervised under Lux-
embourg law, or it may prefer to establish a branch to
remain subject to its home supervisor. Other aspects also
affect the choice between subsidiary and branch: subsidi-
aries must be at least 50 % foreign-owned and the liability
of the parent bank is limited to the amount of capital
invested. Branches, instead, are fully owned by their for-
eign parent bank and do not exist as independent corpo-
rations (Cerruti et al. 2007). Although organizationally less
demanding, a branch usually only allows the parent bank to
run a limited set of operations in the foreign country
(Pozzolo 2009), often focussing on inter-bank activities. A
subsidiary instead can operate more freely and provides the
parent bank complete access to the host country in terms of
customers served and product/services offered. As an
international financial center, Luxembourg has relatively
few domestic banks. There are only two wholly state-
owned banks,! two domestic banks with a mix of public
and private ownership,” and one privately owned domestic
bank (Compagnie de Banque Privée). None of them holds a
dominant position in any segment of the market (loans or
deposits). This low level of domestic competition probably
acted as an additional incitement for foreign banks to
establish a local presence.

Figure 1 presents the number of banks in Luxembourg,
including the breakdown by subsidiaries and branches, as
well as the evolution of total assets aggregated across
banks. The total number of banks peaked in 1994 at 222,
mainly due to rapid growth in the number of branches in
the preceding 2 years. After that, the number of both
branches and subsidiaries declined to reach a combined
total of 148 in 2009. Despite this fall in the number of
banks, the aggregate balance sheet grew in all years except
during the crises of 2002 and 2009. This indicates that most
exits were through mergers, leaving the size of the aggre-
gate balance sheet unaffected, but raising the size of the
average bank.

Banks in Luxembourg specialise in different financial
activities. Formally, most are universal banks allowed to
run both traditional intermediation and financial market
activities. Interbank activity was particularly important in

! Banque et Caisse d’Epargne de I’Etat and Société Nationale de
Crédit et d’Investissement.

2 Fortuna Banque and Banque Raiffeisen (including its local caisses
rurales).

the past; particularly within international banking groups
(Luxembourg entities provide funding to parent banks and
affiliates in other parts of the group). However, over time
banks have moved to more complex business model,
making the entire sector more heterogeneous (see Curi
et al. 2011, for details). Many subsidiaries became less
specialised in interbank activities, while branches devel-
oped a bimodal distribution (some concentrated on inter-
bank deposits while others specialised away). The share of
securities held in total assets varied widely across banks,
both for branches and subsidies. The same is true for off-
balance activities.

As regards the breakdown of banks according to geo-
graphic origin, most of banks are subsidiaries (or branches)
of multinational banks established in the neighbouring
countries. As in 2009, the highest percentage of foreign
banks in Luxembourg is from Germany (31.3 %), followed
by bank from France (10.4 %), Italy and Switzerland
(7.6 %), Belgium (6.3 %), UK (5.6 %), Sweden and USA
(4.2 %). A small percentage is held by Japanese (3.5 %),
Chinese and Netherland banks (2.8 %), and Israel banks
(2.1 %). Brazil, Denmark, Ireland, Norway, Portugal,
Canada, Greece, Liechtenstein, Russia and Turkey have
established their presence in Luxembourg through one or
two respective foreign banks (CSSF 2009).

3 Literature overview

This section briefly reviews three relevant streams of the
banking literature: the first examines factors determining
foreign bank efficiency; the second investigates the impact
of banking regulations in the context of international
comparisons; the third focuses on financial centers.

3.1 Studies on the main determinants of foreign bank
efficiency

European banking markets are increasingly integrated
through foreign bank branches and subsidiaries, as well as
through cross-border mergers or acquisitions. However,
recent signs that European banking integration is slowing
has motivated research on possible efficiency disadvan-
tages faced by multinational banks operating in a host
country. A large academic literature finds that in industri-
alized economies foreign banks tend to perform poorly
relative to domestic banks, while the reverse is usually true
for emerging economies (see Berger et al. 2000 and Berger
2007). For instance, Berger et al. (2000) concluded that in
France, Germany and the UK, domestic banks have higher
cost and profit efficiency on average. However, Sturm and
Williams (2004) found that in Australia foreign banks were
more efficient. These papers do not distinguish foreign
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conclusions. They found that foreign ownership negatively affects bank

These differences in efficiency are explained by two
different theories. The limited global advantage hypothesis
argues that foreign banks must benefit from some core
characteristics of their home economies to offset the dis-
economies of operating in distant markets with foreign
economic, cultural, and regulatory environments (Berger
et al. 2004). Instead, the new trade theory (Markusen 1995)
suggests that banks with a comparative advantage in
management skills are likely to export them to host econ-
omies that are relatively similar to their home economy.
Under the limited global advantage hypothesis, foreign
direct investment mostly occurs between dissimilar coun-
tries, while under the new trade theory it mostly occurs
between similar countries.

Sturm and Williams (2008) extended their previous
work by disentangling the unspecified nationality factors
into home-nation, parent-bank and host-nation effects.
Applying general-to-specific modeling to control for
additional variables, they found that the unspecified nation-
specific factors represented by dummy variables have no
additional explanatory power in explaining bank efficiency.
This is evidence against the limited global advantage
hypothesis as advanced by Berger et al. (2000). Sturm and
Williams (2009) took a step further. After estimating bank
efficiency using parametric distance functions, they derived
common factors to capture features specific to foreign
banks. In Sturm and Williams (2010) they combined gen-
eral-to-specific modeling and extreme bound analysis to
evaluate the sensitivity of performance of foreign banks in
Australia. They found support for the limited global
advantage hypothesis in Berger et al. (2000) also control-
ling for the relevance of the new trade theory in explaining
foreign bank efficiency.

At the international level, Lensink et al. (2008) examine
the relationship between the foreign bank efficiency and
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efficiency although this effect is less pronounced when
governance in the host country is fairly good. In addition,
foreign bank inefficiency is reduced by higher quality
institutions in the home country as well as greater simi-
larity between home and host country.

3.2 Studies on the impact of banking regulations
on international bank efficiency

Banks are the most highly regulated industry in the econ-
omy (Walter 1985). Therefore, international comparisons
of bank efficiency should account for the influence of
different regulatory regimes. Dietsch and Lozano-Vivas
(2000) showed that neglecting country-specific regulatory
characteristics may bias inefficiency estimates in interna-
tional comparisons. Early studies, including Dietsch and
Lozano-Vivas (2000) and Grigorian and Manole (2002),
used simple proxies to measure regulatory factors due to
data limitations. However, Barth et al. (2003) assembled a
broad range of regulatory and supervisory measures over a
wide set of countries. This was exploited by Pasiouras
(2008) who used DEA to estimate bank efficiency in the
first stage and Tobit regression to analyze its determinants
in the second stage. Pasiouars found evidence that technical
efficiency is positively influenced by stricter capital ade-
quacy standards, more powerful supervisory agencies and
more effective market discipline mechanisms. Pasiouras
et al. (2009) extended previous work by exploring the
impact of regulatory measures on both cost and profit
efficiency. They found that higher capital requirements
improve cost efficiency but reduce profit efficiency, while
restrictions on bank activities have the opposite effect,
reducing cost efficiency and improving profit efficiency.
Recently, Barth et al. (2010) examined the impact on
bank operating efficiency of regulation, supervision and
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monitoring. Applying DEA and then regressing ineffi-
ciency scores on regulatory and other control variables,
they found that tighter restrictions on bank activities are
associated with lower bank efficiency, while more stringent
capital regulation is associated with marginally higher bank
efficiency. In addition, they found that stronger official
supervision is positively associated with higher bank effi-
ciency, although only in those countries with independent
supervisory authorities. Lastly, market-based monitoring of
banks (greater financial transparency) is associated with
higher bank efficiency. However, none of these studies
consider either the organizational form of foreign banks or
home and host country effects.

3.3 Studies on financial centers

International financial centers are of interest to academics,
regulators and policymakers (see Park and Essayyad 1989).
The consensus is that these centers must have some distinct
advantages for international banking in general and the
host country in particular. For instance, financial centers
improve the international allocation of financial resource
by enhancing the integration of capital markets; they
benefit local and expatriate employment; they promote the
internationalization of the local economy; they provide a
favorable fiscal and regulatory climate to encourage the
growth of multinational banks. Thus, increasing financial
globalization is likely to continue sustaining growth in
financial centers. From the point of view of multinational
banks, establishing a presence in financial centers is “going
where the business is” (Tschoegl 2000) whether to meet
other banks through subsidiaries and/or branches, or to
develop specific business lines (inter-bank activities or
wholesale financial trading). Lastly, financial centers pro-
vide agglomeration economies which benefit banks’ reve-
nues, reduce their costs and encourage innovation.

Few papers in the banking literature focus on bank
efficiency in financial centers. Kwan (2006) investigates
cost efficiency of commercial banks in Hong Kong using a
standard multi-product translog function and finds that
banks move closer to the frontier over time. On average,
large banks were less efficient, but the size effect appears
to be related to differences in portfolios. Rime and Stiroh
(2003) examine the performance of Swiss banks using the
distribution-free approach. They found relatively large cost
and profit inefficiencies, with economies of scale for small
and mid-size banks. Sufian and Majid (2007) used DEA to
study bank efficiency in Singapore. Their evidence that
mergers increased efficiency was confirmed by Tobit
regressions. Roubah (2002) estimated a stochastic frontier
for a panel of Luxembourg banks over 1995-2000, con-
trolling for parent bank home country, bank size and some
socio-economic variables. The analysis reveals positive

effects on efficiency of some socio-economic variables and
significant technological progress, but no evidence of
economies of scale. Guarda and Rouabah (2006) apply the
user cost approach to the same panel to identify bank inputs
and outputs, which are then used to construct Tornqvist
productivity indices. Guarda and Roubah (2007) estimate a
parametric stochastic output distance function to construct
Malmquist productivity indices and provide their decom-
position. Aggregating across banks, they find high and
volatile productivity growth since the mid-1990s, display-
ing persistent dynamics and moving pro-cyclically. They
also find that efficiency change dominates technical
change. However, none of these studies distinguishes
between banks with different organizational form or degree
of diversification.

4 The econometric framework

In this section we briefly outline the methodology we use to
assess foreign bank efficiency. Our approach determines a
common frontier based on the conjecture that efficiency
differences between foreign banks are determined by
home/host differences in regulations and other home
country characteristics rather than by differences in bank
technology. Because the true technology is unknown, we
estimate it using data envelopment analysis (DEA) (Farrell
1957; Charnes et al. 1978).3 To briefly outline the DEA
estimator, let (xk = (xl,.. .,ka)/ € %ﬁ) be a vector of H
inputs that each firm k (k = 1, 2,..., n) uses to produce a
vector of M outputs, denoted y, = (y},....y¥) € RY
Then the DEA estimate of the technology set (assuming
constant returns to scale and free disposability of inputs
and outputs) can be written:

n
Ypra = {(x,y) € %ﬁx%ﬂsznyym, m=1,...M
=1

S ux<Hh=1,...H, z>0, kzl,...,n} (1)
k=1

where {z; >0 : k = 1,...n} are the intensity variables over
which the maximization will be made. Under certain reg-
ularity conditions on the data generating process (DGP),
the expression in (1) provides a consistent estimator of the
unknown technology.* Note that at this first stage of
the analysis we impose constant returns to scale (CRS).

3 As an alternative to DEA, efficiency can also be measured by
stochastic frontier analysis (SFA) (see references in Park et al. (2008);
Simar and Wilson (2010); Simar and Zelenyuk (2010)).

4 See Korostelev et al. (1995) and Park et al. (2010) for proof of
consistency and rates of convergence of the DEA estimator under
constant returns to scale.
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The main reason for this assumption is that the CRS model
given in (1), by measuring all banks relative to the same
(and optimal) level of scale, attains greater discriminatory
power in the sense that the CRS model is able to identify
higher degree of inefficiency for a particular bank than
non-CRS models. Clearly, some of the inefficiency iden-
tified under the CRS model (1) for a particular bank may be
due to the scale effect (when the bank is too small or too
large), and this will be tested at the second stage, where we
try to isolate the scale effect on bank efficiency scores by
including a scale variable (and its square) in the regression
model. The CRS model has an additional advantage in that
it features faster rates of convergence, which is particularly
important for high values of H and M, as in our case.’

The DEA estimator can easily handle multiple inputs
and outputs and makes no parametric assumptions on the
form of the production relationship or the distribution of
the inefficiency term. DEA can also accommodate cases
when some inputs or outputs are zero, which is important in
banking, where zero values may reflect strategic decisions
by bank management. The main drawback of DEA is that it
attributes all deviations from the frontier to the inefficiency
term, while some of them could be due to noise (mea-
surement error or imperfect control). However, all inputs
and outputs in our approach are allowed to be random and
the efficiency level is also allowed to depend on various
factors, including a random error. To some extent, we deal
with the problem of randomness and noise at the second
(regression) stage of our analysis. To correct for the bias of
DEA efficiency estimates, we use the recently developed
bootstrap techniques in Simar and Wilson (2007); Kneip
et al. (2008) and Simar and Zelenyuk (2007).

Once the technology is estimated, inefficiency scores for
each bank can be calculated with a variety of measures and
we employ the radial distance to the frontier, according to
the Debreu (1951); Farrell (1957) criterion. In particular,
we use the output-oriented measure of technical efficiency
defined as:

TE(x,y) = max { 0] (x,0%) € Poea }, 2)
321 5e+3Zn

which is a consistent estimator of the true efficiency score

from a point (x, y) to the frontier of the true technology set

in (1).

Obtaining individual efficiency scores for each bank
using (2) is only the first step. We then analyse the
aggregate efficiency scores of particular groups in the
industry. Intuitively, the aggregation structure we employ
is based on economic optimization,® which yields the

> See Park et al. (2010) for details.

% For instance, minimization of costs or maximization of revenues/
profits.
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weights reflecting the importance of each bank within and
between groups when averaging efficiency scores. In par-
ticular, we use the price-independent weighting scheme
derived by Fire and Zelenyuk (2003); Fiare and Zelenyuk
2007) and recently extended to a multi-group context by
Simar and Zelenyuk (2007). These weights are based on
the aggregates of realized shares of each output in the
industry. We then use the Simar and Zelenyuk (2007)
algorithm, based on the heterogeneous sub-sampling
bootstrap, to obtain bias-corrected estimates of efficiency
scores for various groups in the industry, as well as their
confidence intervals, which allow us to test for significant
differences in aggregate efficiency between groups (see
Simar and Zelenyuk (2007) for the technical details).

The next step of our analysis explores the relationship
between the (unweighted) individual bank efficiency scores
and the so-called ‘environmental variables’ that we expect
to influence efficiency. When DEA efficiency estimates
appear as the dependent variable in such second-stage
regressions, Simar and Wilson (2007) show that the stan-
dard regression tools (OLS and Tobit) routinely used in this
context do not provide a valid basis for inference. To avoid
these statistical problems, we use algorithm 2 of Simar and
Wilson (2007), which corrects for (1) the bias of DEA
estimates, (2) serial dependence among DEA estimates (of
unknown structure) and (3) the DEA-related artefact of
placing probability mass at 1 for some observations.’
Formally, the true model we aim to estimate is given by:

TEk:Zkﬂ-i-uk, k=1,...n, (3)

where TE, is the true (in)efficiency score of bank k, while
Zy is the (row) vector of regressors (characteristics of bank
k) that are believed to influence the (in)efficiency score of
bank & through the (column) vector of parameters f, which
we aim to estimate, while u; is a random error.

Obviously, the true inefficiency score, TE;, is unob-
served and so we replace it with its DEA estimate from the
first stage, corrected for the bias via the bootstrap proce-
dure that accounts for the production model in (1) and the
hypothesized structure in (3). Importantly, because
TE, > 1, we also have uy >1—2; f, forall k=1,...,n
and, to account for this boundary issue, we use the trun-
cated regression approach, assuming u NN(O,az ) such
that wy >1— 2B, k=1,...,n, where o> is estimated
along with 5. To improve accuracy of inference, we use the
parametric bootstrap (reflecting the structure in (3)) to
obtain confidence intervals around each element in /5. This
procedure is described in more detail in Simar and Wilson
(2007).

7 The model in Simar and Wilson (2007) requires some regularity
conditions, including the ‘separability’ assumption which could be
relaxed in future work.
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5 Determinants of bank efficiency

This section describes the explanatory variables considered
as possible determinants of foreign bank efficiency in
financial centers. Following Sturm and Williams (2008)
and Pasiouras (2008), they can be grouped into three cat-
egories: (1) country-specific macroeconomic and regula-
tory variables, including measures of capital requirements,
private monitoring, official disciplinary power, restrictions
on banks activities, (2) bank-specific characteristics, (3)
variables that control for the subgroups identified at the
first step. We also include time dummies, to pick up the
effects of particular years.

5.1 Country-specific characteristics: economic
and regulatory indicators

5.1.1 Economic indicators (home country characteristics)

We introduce two macroeconomic variables to control for
economic conditions, per capita GDP and a measure of the
business cycle. Economies with higher per capita GDP
usually have a more efficient banking sector and therefore
are more likely to export efficient practices (Yildirim and
Philippatos 2007; Sturm and Williams 2010). We use the
logarithm of annual GDP per capita.

We also assume that parent banks could transmit effects
of the business cycle in their home economy to their sub-
sidiary and/or branches abroad. Many studies argue there is
a close relationship between cyclical movements in output
and productivity (e.g. Boisso et al. 2000; Basu and Fernald
2001; Inklaar 2007). We use the Hodrick-Prescott filter to
measure the output gap as a proxy for the business cycle.
This is defined as the percentage deviation of observed
GDP from its trend. When this measure is positive,
aggregate demand presumably exceeds aggregate supply,
generating inflationary pressure; when this measure is
negative, the reverse holds, possibly slowing growth in
prices.

These two economic indicators, per capita GDP and
business cycle are calculated for the home country, i.e. for
each branch and subsidiary we control for the level of per
capita GDP and the position in the business cycle of their
respective home economy.

5.1.2 Regulatory indicators (home-host country
characteristics)

Banks are subjected to regulatory, supervisory and moni-
toring requirements which could have an important impact
on bank performance. In the past, data limitations have
discouraged international comparisons from addressing this

issue. However, three worldwide surveys on bank

regulation and supervision have recently appeared (Barth
et al. 2001, 2006, 2008) and are used in this study. Fol-
lowing Pasiouras (2008), we include variables to control
for the main regulatory measures, but we first establish for
each bank whether it is the regulatory scheme in the home
country or the host country that is relevant. Branches of EU
banks are subject to the supervisor in their home country
(that of their parent bank), while branches of non-EU banks
and all subsidiaries are subject to the supervisor in the host
country.

The variables we consider are related to the three pillars
of Basel II, namely capital requirements (Pillar 1), official
supervisory power (Pillar 2), and market discipline (Pillar
3). In addition, we also include restrictions on bank
activities as a potential determinant of technical efficiency.
According to Barth et al. (2006), the private interest view
and the public interest view provide conflicting predictions
about the effects on bank efficiency of stricter regulation
and supervision, so empirical studies can help provide
policy advice. We briefly discuss the variables below,
while the details on their computation are reported in
“Appendix”.

Capital requirements This variable is an index of capital
requirements, with higher values indicating greater capital
stringency. Higher capital requirements will raise the cost
of doing business at a given level of risk. This variable can
be considered a general proxy for the first pillar of Basel II.
According to the public interest view, capital requirements
play a crucial role aligning the incentives of bank owners
with those of depositors and other creditors, leading to
more careful lending and better bank performance (Keeley
1990; Barth et al. 2006). However, this ignores possible
costs in the form of higher barriers to entry and greater rent
extraction by governments (Barth et al. 2006). Pasiouras
(2008) suggests that higher capital requirements can affect
bank efficiency through at least three channels: (1) by
reducing aggregate lending; (2) by substituting loans with
alternative forms of assets; and (3) by influencing the
decisions of banks with regard to the mix of deposits and
equity, which bear different costs. These arguments, asso-
ciated with the private interest view, would suggest that
more stringent capital requirements are associated with
lower bank efficiency.

Private monitoring The variable Private monitoring
measures the degree to which banks are forced to disclose
information to the public and whether there are incentives
to increase private monitoring. Higher values indicate more
informative bank financial statements for auditors and the
public. This variable can be considered a general proxy for
the third pillar of Basel II. According to the private mon-
itoring hypothesis, powerful supervision might coexist with
corruption or other sources of efficiency loss, but market
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discipline through private monitoring should always
improve bank efficiency (Barth et al. 2007). Nevertheless,
Pasiouras (2008) notes that higher disclosure requirements
can also have a negative impact on efficiency as they may
involve direct and indirect costs, for example those asso-
ciated with investor relations, coordination among depart-
ments, and the release of sensitive information to
competitors.

Official disciplinary power The variable official disci-
plinary power is a measure of supervisory agencies ability
to take specific actions against bank management and
directors, shareholders, and bank auditors. Higher values
indicate broader and greater power for bank supervisors.
This indicator is considered a proxy of the second pillar of
Basel II. According to the official supervision hypothesis,
market failure can be avoided by official supervisors
directly overseeing, regulating, and disciplining banks. In
so far as a powerful supervisor could improve corporate
governance within banks, reduce corruption, and generally
improve the functioning of financial intermediaries, high
values of this index should be associated with higher bank
efficiency (Beck et al. 2006).

Restrictions on bank activities This variable captures
restrictions on bank activities. It reflects whether securities,
insurance, real estate activities, and ownership of non-
financial firms are unrestricted, permitted but restricted, or
prohibited. Higher values indicate greater restrictions.

Barth et al. (2004) discuss several reasons for restricting
bank activities as well as reasons for allowing banks to
participate in a broader range of activities. On the one
hand, allowing a wide range of financial activities may lead
to increased risk exposure, or to the establishment of
complex and powerful banks that will be difficult to
monitor or discipline and may reduce competition and
efficiency. On the other hand, fewer regulatory restrictions
may allow economies of scale and scope, increase the
franchise value of banks and offer opportunities for income
diversification. According to Barth et al. (2003) fewer
restrictions could provide greater profit opportunities, but
banks may be less efficient because they fail to meet the
challenge of managing a diverse set of financial activities
beyond traditional banking.

5.2 Individual and group-specific bank characteristics

5.2.1 Individual bank characteristics: Size and risk
measures

As in Berger et al. (2010), we use a continuous variable,

the logarithm of total assets, rather than a categorical
dummy variable to capture bank size. We also include the
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square of this term to control for potential nonlinearities in
the relationship between size and efficiency.

We use bank equity, defined as the ratio of equity book
value to total assets, to capture the bank’s capital strength.
This measure approximately is equivalent to banks’ tier 1
capital ratio (Berger et al. 2010). A high ratio indicates low
leverage and therefore lower risk (see Pasiouras and Kos-
midou 2007 among many others). Empirical evidence
suggests that regulators may allow relatively efficient
banks to operate with higher leverage, all other things
being equal (Hughes and Moon 1997; Hughes and Mester
1993). Others, such as Altunbas et al. (2001, 2007) find that
financial capital can significantly influence bank cost and
profit efficiency measures.

5.2.2 Group-specific characteristics: organizational form,
diversification, parent bank nationality

As mentioned in the introduction, in financial centers the
organizational form chosen by foreign banks is important
given branches and subsidiaries are regulated differently.
While branches are an integral part of the parent bank
(they draw on the parent’s capital base) and operate in a
host country under the authority of the home country
supervisor, subsidiaries lend on the basis of their own
capital and are subject to the host country supervisor. We
define a dummy variable (Branch) equal to 1 if the bank
is a branch.

The degree of diversification could affect bank effi-
ciency for two reasons: (1) from the point of view of the
single bank, diversification could lead to scope economies
and cost advantages (2) from the point of view of the
financial center, diversification may attract a wider set of
clients. Following the literature (Berger et al. 2010;
Mercieca et al. 2007; Acharya et al., 2006), we use the
Herfindahl-Hirschman index (HHI) to measure diversifi-
cation in terms of bank assets. Total assets are disaggre-
gated into bank loans, customer loans, securities held
(including government securities and shares), fixed assets
and other assets. The HHI is given by the following sum
of squares:

I N N2 N2
HHL — OAN_B; LOAN_C; SEC;
TA, TA, TA;
N FIX_ASS; 2+ Others;\ > @
TA; TA;

where for each bank i, LOAN_B is loans to other banks,
LOAN_C is loans to firms and private households, SEC is
securities held, FIX_ASS is total fixed assets, Others is
other assets and TA is total assets. The index varies
between 0 and 1, with higher values for banks that are more
focused (less diversification). However, two banks with
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different compositions of total assets may record the same
level of the HHI.®

Foreign banks originating outside the European Mone-
tary Union may face additional costs related to currency
fluctuations. We therefore consider two groups of banks:
those belonging to the euro area versus those which do not.
We use a dummy variable (euro area) equal to 1 if the
bank originates in a euro area member state.’

5.3 Period-specific dummy variables

Lastly, we control for some important events in the host
country that may affect foreign bank performance. For
some specific years, we introduce dummy variables to
capture possible economic and structural changes that are
common across the sector. A dummy for the year 2001
aims to pick up the end of a wave of banking consolidation,
one for 2003 picks up the aftermath of the stock market
crisis, one for 2006 picks up the boom preceding the
financial crisis and one for 2009 picks up the recession
after the Lehman Brothers collapse.

6 Data and sources

We work with bank reporting data provided by the Lux-
embourg Central Bank. The sample covers the period
1999Q1-2009Q4 and consists mostly of commercial for-
eign banks involved in both customer and inter-bank
activities. First, we take annual averages to avoid seasonal
effects: for the stock variables (from the balance sheet), we
take the average of the four consecutive quarters, while for
flow variables (from the profit-and-loss account) we report
the final year-to-date values. Second, we exclude banks
missing balance sheet information. These are mainly
branch banks, which face lower reporting requirements
because they are regulated and supervised by their home
country authorities. Lastly, we exclude domestic banks
(two state owned banks and two cooperative banks), a
central securities depository with bank status, an invest-
ment bank, and a set of four small banks with a very
limited market share. These last four banks were excluded
after inspecting the distribution of estimated efficiency
scores.'” In our sample, there are a few cases of banks with

8 Tt would also be possible to look at diversification in the sources of
financing. However, heterogeneity among banks is higher on this side
(Stragiotti and Rychtarik 2009; Curi et al. 2011) which would lead to
smaller groups, creating difficulties for DEA estimation.

° We consider euro area those nations using the euro as their currency
(i.e. Austria, Belgium, Cyprus, Estonia, Finland, France, Germany,
Greece, Ireland, Italy Malta, Spain, Netherlands, Portugal, Slovenia,
Slovakia). Our sample does not cover all the euro area.

zero values in securities or non-interest income and a few
cases of banks with zero values in capital or customer
deposits. Either case may reflect strategic choices by bank
management (Thompson et al. 1993), which we aim to
capture in the efficiency assessment (in all cases, banks had
positive levels of at least one input and output, as required
for DEA). To control for possible heterogeneity in the
sample due to these difference strategies, we apply the
group-wise heterogeneous bootstrap methodology of Simar
and Zelenyuk (2007).

The final sample is an unbalanced panel'' which
includes 209 foreign banks in Luxembourg during the
period 1999-2009, totalling 1,526 observations. Data in
nominal values are converted to real terms using the GDP
deflator with base year 1995. We use unconsolidated
statements.

Our choice of bank inputs and outputs is based on the
intermediation approach (Sealey and Lindley, 1977) which
is common in the bank efficiency literature (Berger and
Humphrey 1997). On the input side, we select (1) labor,
measured by total labor expenses, (2) capital, measured by
fixed assets, (3) interbank deposits, and (4) customer
deposits. On the output side, we select interbank loans,
customer loans and securities. However, as discussed in
Curi et al. (2011), Luxembourg banks increasingly rely on
off-balance sheet activities. We use non-interest income as
a measure of fee services associated with these activities
(Clark and Siems 2002). Customer activities include those
provided for households and for non-financial corporations.
Securities include government securities, fixed-income
securities, shares, participations and other variable-income
securities. Note that interbank activities include those
within the parent banking group as well as with other
banks.

As is well-known, the DEA estimator can suffer slow
convergence rates due to the “curse of dimensionality”. To
increase the precision of our estimates, we pool the data
across time and treat each observation as an independent
realization of the same data generating process (including
the same technology). However, in the second-stage
regression we account for time effects by using dummy
variables.

10 We follow Zelenyuk and Zheka (2006). After observing a few
small bumps on the right tails of the efficiency distribution, we trim
them and then test the impact of the trimming by comparing the
efficiency distributions of the two samples (original sample vs.
trimmed sample) using a version of Li (1996) test (adapted to DEA
context by Simar and Wilson (2007)). Since the null hypothesis of
equality is not rejected, we can reduce the sample without losing
much of aggregate information.

"' This is because the sample contains banks which were closed or
merged and newly created banks.
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Tables 1 and 2 presents summary statistics of input and
output variables for the pooled sample. All variables are
expressed as percentages of total assets to avoid any size
effect.'” The statistics suggest heterogeneity across groups
in terms of their input and output compositions, justifying a
group-wise analysis of bank efficiency. We distinguish
diversified from focused banks using the mode of the HHI
distribution across banks obtained with a kernel density
estimator: banks below 0.6 are classified as diversified and
the others as focused. Among Luxembourg subsidiaries, it
is customer deposits which make up the biggest proportion
of financial input, whereas among branches it is interbank
deposits. On the output side, interbank loans constitutes the
main output for both groups, but only subsidiary banks
seem significantly involved also in securities activity. The
same comparison could be carried out between diversified
and focused banks. While diversified banks have a bal-
anced structure in terms of financial inputs and outputs,
specialized banks focus mainly on interbank lending and
customer deposits. This difference is even more evident
between euro area and non-euro area banks.

Finally, for the whole sample, customer deposits are the
most important financial input while interbank loans are the
largest financial output.

Table 3 reports descriptive statistics of the environ-
mental variables used in the second stage regression.
Country-specific variables come from two different sour-
ces. Data for regulatory and supervisory variables (capital
requirement, private monitoring, official disciplinary
power, restrictions on banks activities) were obtained from
the World Bank (WB) database, developed by Barth et al.
(2001) and updated by Barth et al. (2006, 2008). These
indicators cover all our home countries for the years 2001,
2003, 2005, except for Norway in 2001 and Turkey in
2005."

Macroeconomic indicators (gross domestic product and
output gap) were obtained from World Development
Indicators, Eurostat and own calculations. Table 3 suggests
some heterogeneity in our groups also in terms of the
country-specific characteristics. For instance, the home
country GDP per capita is higher for subsidiaries, focused
banks and non-euro area banks. Instead, home country
output gap is higher for subsidiaries and euro area banks. In

12 We thank an anonymous referee for this suggestion.

13 The World Bank database is only available for three points in time.
As our time span covers a longer period, we assume that regulatory
variables remain constant within short periods. More precisely, (1) for
1999-2001 we use the year 2001, (2) for 2002-2004 we use the year
2003, (3) and for 2005-2009 the year 2006. Other studies that have
used this database appear to have used similar assumptions (e.g.
Lozano-Vivas and Pasiouras 2010; Demirguc-Kunt et al. 2004;
Pasiouras et al. 2009). When we used interpolated values in the
regression, results were qualitatively the same.
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terms of regulatory indicators, subsidiaries, diversified
banks and non-euro area banks face greater capital strin-
gency. Subsidiaries, diversified banks and euro area banks
face greater disclosure requirements. Supervisor power is
higher for subsidiary, focused and non-euro area banks, and
finally banking activity restrictions are lower for sub-
sidiary, diversified and euro area banks. Given these dif-
ferences, some of the efficiency differences found at the
group level may change in our second step regression,
where we control for home country characteristics and
regulatory indicators.

7 Results

We first present group efficiency estimates (raw and bias-
corrected) and confidence intervals from the DEA model
with individual bank scores aggregated using bank output
share as weights. These are compared to the unweighted
(mean and median) efficiency scores for each group that
would be reported in more traditional DEA studies. Results
are also reported for the entire sample. These first stage
results provide initial insights into whether efficiency dif-
ferences can be explained by differences in organizational
form, business orientation and geographical origin.
The second-stage regression estimates the impact on for-
eign bank efficiency of home-country macroeconomic
characteristics, regulatory indicators, and group-specific
characteristics.

As the aim of the analysis is to explain inefficiency,
efficiency scores are reported a la Farrell (1957): scores
closer to unity are more efficient banks. However, in the
discussion we use brackets to report efficiency scores a la
Shephard (1970), which are the reciprocal of Farrell effi-
ciency scores and represent the relative level of efficiency
in percentage terms.

7.1 Group efficiency results

Tables 4 and 5 present the first stage results based on the
group-wise heterogeneous bootstrap. The first and second
columns report, respectively, the raw group efficiency and
the bias-corrected group efficiency. The third and fourth
column report the estimated bias term and the standard
deviation. The final two columns provide the lower and
upper bound of the 95 % confidence interval of the bias-
corrected group efficiency scores. The estimated bias is
negative for all weighted group efficiency terms, suggest-
ing that the raw efficiency scores are overestimated, and
the standard deviation indicates that the estimated bias is
statistically different from zero in nearly all cases. We
therefore focus on the bias-corrected group efficiency and
relative confidence intervals.
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Table 1 Descriptive statistics of bank inputs and outputs by group (1999-2009)
Variable Obs. Mean Median SD Obs. Mean Median SD
Subsidiary banks Branch banks
Labor 1,227 1.05 0.50 2.56 299 2.10 0.13 15.65
Capital 1,227 0.94 0.39 2.31 299 0.19 0.04 0.35
Interbank deposits 1,227 40.01 34.06 30.16 299 52.39 60.62 33.72
Customer deposits 1,227 46.77 49.67 29.06 299 42.04 34.93 33.33
Interbank loans 1,227 56.93 56.14 23.71 299 66.86 73.50 25.82
Customer loans 1,227 19.22 13.69 17.60 299 15.90 10.16 17.01
Securities 1,227 17.20 7.63 20.69 299 12.81 1.96 20.52
Non interest income 1,227 2.39 0.89 6.09 299 2.97 0.12 37.35
Diversified banks Focused banks
Labor 989 1.20 0.39 5.79 537 1.35 0.49 9.48
Capital 989 0.89 0.32 2.39 537 0.61 0.23 1.37
Interbank deposits 989 45.64 43.24 28.91 537 36.53 22.25 34.34
Customer deposits 989 42.23 42.41 27.18 537 52.50 62.93 33.53
Interbank loans 989 47.04 47.50 17.04 537 80.68 85.40 20.75
Customer loans 989 24.57 20.49 17.64 537 7.52 5.38 10.56
Securities 989 21.23 16.94 20.14 537 7.34 0.87 18.65
Non interest income 989 2.70 0.58 21.40 537 2.15 1.14 4.00
Euro area banks Non-euro area banks
Labor 962 1.12 0.27 8.75 564 1.48 0.64 3.58
Capital 962 0.66 0.23 1.60 564 1.01 0.37 2.74
Interbank deposits 962 46.39 45.93 31.74 564 35.58 25.84 29.20
Customer deposits 962 43.03 41.57 30.10 564 50.72 56.76 29.19
Interbank loans 962 56.09 54.81 24.86 564 63.72 66.87 22.96
Customer loans 962 16.82 12.13 16.29 564 21.60 15.74 19.13
Securities 962 20.95 14.18 22.02 564 8.35 1.08 15.28
Non interest income 962 2.09 0.46 20.96 564 3.23 1.16 8.06
All variables expressed as percentages of total assets
Tabe2 Dot saies  Varan Wi sl
sample 1999-2009 Obs. Mean Median SD
Labor 1,526 1.25 0.42 7.30
Capital 1,526 0.79 0.29 2.09
Interbank deposits 1,526 42.44 37.67 31.26
Customer deposits 1,526 45.84 47.71 29.99
Interbank loans 1,526 58.88 59.82 24.45
Customer loans 1,526 18.57 13.14 17.53
) Securities 1,526 16.34 6.71 20.72
All variables expressed as Non interest income 1,526 251 0.67 17.39

percentages of total assets

Table 4 reports weighted and non-weighted efficiency
scores for the whole sample. A key result is that there is
substantial inefficiency present in our sample. The weigh-
ted bias-corrected efficiency (or the relative % weighted
bias-corrected efficiency) suggests that foreign banks in
Luxembourg operated at 2.405 (or 42 %) efficiency. In
other words, given inputs, foreign banks could increase

their outputs more than two-fold. However, the confidence
intervals indicate substantial variance in this estimate. This
may be due to the structure of our sample data, which
exhibits heterogeneity. Therefore, low level of aggregate
efficiency requires more careful investigation. We there-
fore group banks within the industry according to organi-
zational form, business model and geographical origin and
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Table 3 Descriptive statistics of the environmental variables in second stage regression

Variables Mean Median SD

Subsidiary Branch Subsidiary Branch Subsidiary Branch
Capital requirements 30.64 29.58 26.38 26.38 12.77 11.43
Activity restrictions 8.24 7.83 8.00 7.00 2.38 2.79
Private monitoring 8.77 8.69 9.00 10.00 2.32 2.50
Official disciplinary power 10.82 10.42 10.00 10.00 4.50 4.58
GDP per capita 25,436 22,551 23,567 23,256 9,206 8,392
Output gap 0.13 0.11 0.19 0.19 1.32 1.43
Variables Mean Median SD

Diversified Focused Diversified Focused Diversified Focused
Capital requirements 30.81 29.73 26.38 26.38 13.08 11.41
Activity restrictions 8.06 8.34 8.00 8.00 2.38 2.62
Private monitoring 8.82 8.63 10.00 9.00 2.32 241
Official disciplinary power 10.61 10.99 10.00 11.00 4.40 4.73
GDP per capita 23,710 24,883 23,366 23,544 7915 9,124
Output gap 0.13 0.13 0.24 0.13 1.34 1.34
Variables Mean Median SD

Euro area Non-euro area Euro area Non-euro area Euro area Non-euro area

Capital requirements 29.17 32.58 26.38 28.00 10.90 14.66
Activity restrictions 7.56 9.19 7.00 9.00 2.07 2.74
Private monitoring 8.78 8.70 10.00 8.00 2.37 233
Official disciplinary power 9.30 13.21 9.00 13.00 3.48 5.00
GDP per capita 24,883 28,941 23,544 33,782 9,124 13,675
Output gap 0.18 0.05 0.24 —0.01 1.26 1.47

See Table 8 for further information about the regulatory variables, i.e. Capital requirements, Activity restrictions, private monitoring, and official

disciplinary power

Table 4 Overall efficiency of the financial sector

Statistics Raw overall Bias-corrected overall Estimated SD Lower bound Upper bound
efficiency efficiency bias

Output share weights 1.781 2.405 —0.624 0.097 2.119 2.498

Mean 2.048 2.906 —0.857 0.134 2.509 3.023

Median 1.857 2.601 —0.744 0.086 2.346 2.685

Source: own calculations

focus on pair-wise comparisons (Table 5). In this way, we
disentangle the efficiency estimate of the entire sector into
group efficiency estimates based on groups of more
homogenous banks (minimization of within group differ-
ences) so that we can compare more dissimilar groups
(maximization of the between group differences). In gen-
eral, we find that in each comparison there is one group
performing better than the other. We first discuss the point
estimates of bias-corrected group efficiency and then their
confidence intervals.

Comparing branch and subsidiary banks, results suggest
that branch banks are more efficient than subsidiary
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banks,' since their bias-corrected group efficiency (rela-
tive % bias-corrected group efficiency) is 1.359 (74 %)
compared to 2.517 (40 %) for subsidiary banks. These
results may reflect the simpler organizational structure and
strategy of branch banks, such as their focus on serving
parent banks through internal capital markets. We do not

!4 Recall that we measure efficiency of Banks relative to CRS
technology, i.e. relative to the productivity level of optimal scale,
which usually yields higher differences in efficiency between banks
than otherwise.
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Table 5 Weighted group efficiency estimates

Statistics Groups Raw Bias-corrected Estimated SD Lower Upper

group eff. group efficiency bias bound bound

Output share weights Subsidiary 1.834 2.517 —0.684 0.096 2232 2.611

Branch 1.268 1.359 —0.091 0.113 1.021 1.478

Diversified 1.750 2.342 —-0.592 0.104 2.018 2.444

Focused 1.916 2.666 —0.750 0.108 2.350 2,771

Euro area 1.736 2.316 —0.581 0.097 2.037 2.409

Non-euro area 2.327 3.497 —1.170 0.103 3.177 3.599

Mean Subsidiary 2.146 3.109 —0.963 0.132 2.709 3.220

Branch 1.638 2.062 —0.423 0.149 1.632 2.204

Diversified 1.912 2.638 —0.725 0.137 2.238 2.750

Focused 2.297 3.381 —1.084 0.155 2918 3.512

Euro area 2.010 2.829 —0.819 0.133 2.437 2.945

Non-euro area 2.193 3.202 —1.009 0.141 2.782 3.320

Median Subsidiary 1.945 2.782 —0.837 0.086 2.525 2.864

Branch 1.448 1.771 —0.322 0.102 1.474 1.878

Diversified 1.822 2.528 —0.706 0.096 2.238 2.615

Focused 2.010 2.892 —0.882 0.105 2.576 2.991

Euro area 1.807 2.501 —0.694 0.090 2.239 2.586

Non-euro area 2.025 2.940 —0.915 0.097 2.646 3.036

Source: own calculations

know of other results in literature which account for banks’
organizational form.

Comparing diversified and focused banks, the former are
more efficient (about 14 % more than focused banks), with
a bias-corrected group efficiency score of 2.342 (43 %)
compared to 2.666 (0.38 %) for focused banks. There is no
consensus in the existing banking literature on the impact
of diversification on bank efficiency. While more recent
studies suggest that costs may outweigh benefits (e.g.;
DeYoung and Roland 2001; Stiroh 2004), more traditional
arguments suggest that banks should be as diversified as
possible, as banks are typically highly leveraged, and
diversification reduces their chance of costly financial
distress/bankruptcy. Recent findings by Berger et al. (2010)
on foreign banks in China suggest they are able to partially
mitigate the diseconomies of diversification.

Lastly, euro area banks appear to be more efficient with
a score of 2.316 (43 %). This is consistent with the new
trade theory (Markusen 1995) which suggests that banks
could benefit from similarity in management between host
and home country.

Compared to mean and median group efficiency, the
weighted group efficiency scores are smaller. This suggests
that larger banks are typically more efficient possibly due
to economies of scale within each group. The only
exception is for non-euro area banks, possibly because
most of them are smaller in size.

Overall, results in Tables 4 and 5 suggest that the het-
erogeneous performance of foreign banks in Luxembourg
is at least in part due to efficiency differences between
groups of banks. Some group features may enable banks to
be more or less efficient. To test for statistically significant
differences between groups of banks, we compare the rel-
ative bootstrapped-confidence intervals. These appear to be
quite wide but do not overlap, confirming significant dif-
ferences in efficiency. This is further confirmed by the pair-
wise tests carried out with the relative difference statistics
in Table 6, based on ratios of the means of groups (see
Simar and Zelenyuk 2007, for details). In all cases, the
differences between groups are statistically significant,
since unity falls outside the confidence intervals of RD
statistics (Table 5, column 5 and 6). Thus our initial
analysis leads to the conclusion that: (1) the Luxembourg
banking sector as a whole is characterized by low effi-
ciency, (2) this low efficiency score might be ascribed to
heterogeneity among foreign banks, and (3) these differ-
ences in efficiency may be driven by differences in orga-
nizational form, business orientation and geographical
origin.

Table 5 provides additional insight. The wide confi-
dence intervals related to bias-corrected efficiency in each
group indicate substantial variability. In particular,
although branch banks seem to perform better than
subsidiaries, their group efficiency estimate is subject to the
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Table 6 Relative difference statistics comparing group efficiency score

Statistics Groups Raw relative Bias-corrected Lower Upper
difference relative difference bound bound

Output share weights Subsidiary versus branch 1.446 1.913 1.828 2.012
Diversified versus Focused 0.913 0.832 0.759 0.905

Euro versus non-euro 0.746 0.492 0.413 0.571

Mean Subsidiary versus branch 1.245 1.516 1.436 1.612
Diversified versus focused 0.765 0.525 0.461 0.583

Euro versus non-euro 0.917 0.828 0.758 0.904

Median Subsidiary versus branch 1.27 1.555 1.472 1.646
Diversified versus focused 0.8 0.591 0.517 0.656

Euro versus non-euro 0.897 0.791 0.7 0.882

Source: own calculations

highest level of variability. This variability is lowest when
comparing euro area and non-euro area banks. Likewise,
the wide confidence intervals of the RD-statistics (Table 6)
suggest that heterogeneity (or efficiency differences) is not
only present between groups but also within groups. This
suggests that efficiency may also be explained by bank-
specific features.

Overall, group-wise DEA estimation suggests some
possible drivers of (in-)efficiency that need to considered
when we turn to consider the impact of bank-specific fea-
tures in the second-stage regression.

7.2 Second stage regression results

In the second stage of the analysis, we investigate possible
determinants of efficiency by estimating the econometric
model described in Eq. (3) above using the individual bank
bias corrected inefficiency score as the dependent variable,
and the set of macroeconomic, regulatory and bank- and
group-specific characteristics described above as indepen-
dent variables. The parameters are estimated according to
algorithm 2 of Simar and Wilson (2007), with 1000 boot-
strap replications for the bias correction and 1,000 boot-
strap replication for the confidence intervals. We first
regress the DEA bias-corrected estimates on our environ-
mental variables to obtain the parameter estimates. We test
the significance of parameters using the concept of confi-
dence intervals. For each parameter estimate, we estimate
the relative 99, 95, and 90 % confidence intervals. The
effect of the environmental variable under scrutiny will not
be significant at the 0.01, 0.05, and 0.10 level if the relative
confidence interval contains zero (that is the parameter
value specified in the null hypothesis). Recall that param-
eters with negative sign indicate sources of efficiency as
DEA bias-corrected estimates are expressed a la Farrell.
The estimation results are reported in Table 7. As dis-
cussed above, for branches the regulatory variables are
based on the home country, while for subsidiaries we have
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used the host-country values. For the macroeconomic
variables, instead, only home-country levels are used.
Given that the groups considered in the first stage had
statistically different results, we identify them in the
regression analysis. In particular, we introduce dummies
for branch banks and banks originating in the euro area. To
distinguish diversified and focused banks, we prefer to use
the continuous HHI variable as suggested by Berger et al.
(2010) because of its higher explanatory power.

The results obtained in our second stage regression
support the hypothesis that more stringent regulation,
supervision and monitoring do not boost foreign bank
efficiency in financial centers. Capital stringency appears to
have a positive, but insignificant, impact on bank’s effi-
ciency. This is not in line with previous findings by Pa-
siouras et al. (2009) and Barth et al. (2010). Restrictions on
bank activities have a negative and statistically significant
impact on efficiency (greater restrictions lead to lower
technical efficiency). This is consistent with findings in
Pasiouras et al. (2009) as well as in Barth et al. (2010).
Private monitoring also has a negative statistically signifi-
cant impact on the technical efficiency, implying that
higher disclosure requirements do not enhance foreign
bank efficiency. Lastly, the power of supervisory agencies
also has a negative statistically significant impact on effi-
ciency, while Pasiouras et al. (2009) found a positive effect
and Barth et al. (2010) found no significant effect. The
differences in the results relative to regulatory measures
might be due to the different sample of countries or to
differences in methodology. In particular, previous studies
do not accurately identify the relevant regulatory scheme
according to organizational form.

Overall, results do not seem to be consistent with the
public interest view, as higher regulation does not enhance
the efficiency of foreign banks in Luxembourg. Higher
capital requirements appear to have no significant effect,
while a more powerful supervisory agency may actually be
detrimental to bank efficiency. Lastly, stronger disclosure



J Prod Anal (2013) 40:367-385

381

Table 7 Truncated regression results

Variable Estimates 90 % 95 % 99 %
Lower bound Upper bound Lower bound Upper bound Lower bound Upper bound

Constant 0.773 -3.119 4.482 —4.212 5.613 -7.912 8.033
Regulatory measures

Capital requirements —0.018 —0.036 0.000 —0.038 0.003 —0.046 0.011

Activity restrictions 0.127%%* 0.034 0.234 0.015 0.258 —0.025 0.296

Private monitoring 0.164** 0.046 0.276 0.029 0.290 —0.024 0.325

Official disciplinary power 0.049%#* 0.017 0.084 0.009 0.091 0.001 0.105
Macroeconomics measures

Log (GDP per capita) 0.674%%* 0.474 0.855 0.428 0.889 0.344 0.951

Output gap —0.038 —0.138 0.055 —0.152 0.072 —0.189 0.115
Organizational structure

Branch —0.357 —1.418 0.720 —1.631 0.886 —2.030 1.310
Home parent bank nationality

Euro area —0.347#%%  —0.549 —0.161 —0.585 —0.124 —0.686 —0.059
Asset diversification

HHI 2.734%%* 2117 3.346 2.005 3.468 1.797 3.710

HHI x Branch —2.089%*  —3.569 —0.525 —3.799 —0.201 —4.325 0.355
Bank-specific characteristics

Equity/total assets —4.268%**%  —5.601 —2.840 —5.889 —2.579 —6.191 —1.758

Log(total assets) —0.419* —0.730 —0.106 —0.819 0.007 —1.067 0.311

Log(total assets)? —0.002 —0.010 0.006 —-0.013 0.008 —0.020 0.015
Year dummy

End major consolidation wave 0.184 —0.153 0.540 -0.219 0.604 —0.329 0.721

Stock market crisis 0.105 —0.202 0.442 —0.260 0.525 —0.371 0.680

Pre-global financial crisis —0.603**  —1.014 —0.192 —1.066 —0.105 —-1.157 0.043

Global financial crisis 0.056 —0.309 0.407 —0.381 0.473 —0.575 0.637

o2 1.950 1.717 2218 1.655 2.260 1.549 2.308

&

* Gk Rk Indicate statistical significance at 90 %, 95 %, 99 %, respectively

requirements associated with the third pillar of Basel II
have a negative and statistically significant impact on bank
efficiency. Summing up, the results are more consistent
with the private interest view than with the public interest
view.

Macroeconomic conditions at the home country level do
not appear to affect foreign bank efficiency in Luxem-
bourg. Our results provide little evidence to support the
limited global advantages hypothesis of Berger et al.
(2000). GDP per capita does not appear to have a positive
impact on efficiency, but the output gap in the home
country seems to be positively associated with higher
efficiency, although the coefficient is not statistically
significant.

The regression results suggest that the organizational
form does not play an important role in determining effi-
ciency, since the branch dummy has a negative but insig-
nificant coefficient. Differences between branches and

subsidiaries described earlier seem to disappear when
controlling for other characteristics in a multivariate con-
text. The geographical origin of the parent bank appears to
be significant, as the coefficient on the euro-area dummy
suggests a significant impact on efficiency. For diversifi-
cation, higher values of HHI are associated with lower
efficiency levels. This suggests that more specialised banks
are less efficient after controlling for other factors. How-
ever, when this variable is crossed with the branch dummy,
an improvement in efficiency appears. This suggests that
specialised branches perform better than specialised
subsidiaries. This result is relevant to the debate on which
organizational form is preferable to develop cross-border
activities.

In terms of bank-specific characteristics, the log of total
assets is significantly associated with higher efficiency but
its squared term is not significant. This suggests a mono-
tonic relationship between size and performance, meaning
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there is no optimal size from the efficiency perspective.
The ratio of equity to total assets has a positive impact on
efficiency, suggesting that well capitalized banks are better
run. Finally, the coefficients on the period-specific dummy
variables suggest that banks saw a general improvement in
efficiency during the boom prior to the financial crisis.

Overall, our results suggest that the performance of
foreign banks in Luxembourg’s financial center is in part
explained by home country characteristics. While eco-
nomic conditions in the home country do not seem to be
relevant, regulatory indicators related to supervision do
have explanatory power. The lack of any effect from
economic conditions in the home country is not consistent
with the limited global advantage hypothesis, but suggests
that foreign banks establish a presence in the Luxembourg
financial center to exploit new opportunities. On the other
hand, the estimated impact of the regulatory indicators is
more consistent with the private interest view than with the
public interest view. These results seem to suggest the
current home-host model of bank regulation may need to
be reviewed to ensure an efficient functioning of the
banking system.

8 Discussion and conclusions

This is the first attempt to study the impact of home and
host country characteristics on the performance of foreign
bank efficiency in a financial center. When banks operate
cross-border, national and international authorities need to
consider that efficiency could be naturally affected by
different regulatory schemes and economic conditions in
the home country.

This study aims to contribute to the literature by
investigating these aspects on a panel dataset of Luxem-
bourg banks over the period 1999-2009. Our analysis is
based on a two-stage DEA using bootstrap tecniques to
provide valid inference on the main drivers of bank effi-
ciency. As an innovation in the field of international bank
efficiency, we carefully account for the relevant regulatory
scheme applied to foreign banks according to their orga-
nization form (subsidiary or branch).

In the first stage of the analysis, we show that bank
performance differs systematically according to organiza-
tional form, business model and geographical origin. In
particular, results indicate higher technical efficiency on
average among branch banks, more diversified banks and
euro area banks. In the second stage, we investigate the link
between bank performance, home country economic con-
ditions and applicable regulatory scheme. In the light of
first stage results, we also control for organizational form,
asset diversification and country of origin.

@ Springer

The regulatory indicators we consider are related to the
Basel II framework and relate to capital requirements
(pillar 1), official supervisory power (pillar 2) and private
monitoring (pillar 3). We also account for possible
activities restrictions. Our results suggest that both private
monitoring and official disciplinary power have a negative
impact on bank efficiency. In contrast, more stringent
capital requirements do not appear to have a statistically
significant impact. Restrictions on bank activities also
have a negative impact. These findings have an interesting
implication for banking sector in financial center given
the fact that none of them has a positive impact on
technical efficiency. From a policy point of view, the
results seem to support the need to review the current
home-host model of bank regulation and to promote
coordination among national authorities in cross-border
resolutions.

When controlling for other characteristics, well capi-
talized and more diversified banks tend to be more effi-
cient, supporting the private interest view of the link
between regulation and bank efficiency. Since efficiency is
barely affected by home country economic conditions, our
results also suggest that multinational banks establish a
presence in financial centers mostly to “go where the
business is”. In terms of the choice of organizational form,
branches appear to perform better than subsidiaries if they
are specialized, and subsidiaries do better when more
diversified. Summing up, despite the efforts by policy-
makers and international organizations to promote a unified
regulatory framework, our results suggest that the home-
host regulation scheme applied to banks operating in
financial centers is not successful in fostering bank effi-
ciency. Instead, bank efficiency is better explained by
bank-specific characteristics such as asset diversification,
size and capitalization.
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See Table 8.
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Table 8 Construction of regulatory variables

Variable

Description

Capital requirement

Restrictions on bank
activities

Private monitoring

Official disciplinary
power

This variable is determined by adding 1 if the answer is yes to questions 1-6 and O otherwise, while the opposite
occurs in the case of questions 7 and 8 (i.e. yes = 0, no = 1). (1) Is the minimum required capital asset ratio risk-
weighted in line with Basel guidelines? (2) Does the ratio vary with market risk? (3—5) Before minimum capital
adequacy is determined, which of the following are deducted from the book value of capital: (a) market value of
loan losses not realized in accounting books? (b) unrealized losses in securities portfolios? (c) unrealized foreign
exchange losses? (6) Are the sources of funds to be used as capital verified by the regulatory/supervisory
authorities? (7) Can the initial or subsequent injections of capital be done with assets other than cash or government
securities? (8) Can initial disbursement of capital be done with borrowed funds?

The score for this variable is determined on the basis of the level of regulatory restrictiveness for bank participation
in: (1) securities activities (2) insurance activities (3) real estate activities (4) bank ownership of non-financial firms.
These activities can be unrestricted, permitted, restricted or prohibited that are assigned the values of 1, 2, 3 or 4
respectively. We use an overall index by calculating the average value over the four categories

This variable takes values between 0 and 10, with higher values indicating policies that promote private monitoring. It
is determined by adding 1 if the answer is yes and O otherwise, for each one of the following ten questions: (1) Does
accrued, though unpaid interest/principal enter the income statement while loan is non-performing? (2) Are
financial institutions required to produce consolidated accounts covering all bank and any non-bank financial
subsidiaries? (3) Are off-balance sheet items disclosed to supervisors? (4) Are off-balance sheet items disclosed to
public? (5) Must banks disclose their risk management procedures to public? (6) Are directors legally liable for
erroneous/misleading information? (7) Is an external audit compulsory? (8) Are there specific requirements for the
extent of audit? (9) Are auditors licensed or certified? (10) Do regulations require credit ratings for commercial
banks?

This variable takes values between 0 and 10, with higher values indicating higher power of the supervisory
authorities. It is determined by adding 1 if the answer is yes and O otherwise, for each one of the following ten
questions: (1) Can the supervisory authorities force a bank to change its internal organizational structure? (2) Are
there any mechanisms of cease-desist type orders whose infraction leads to automatic imposition of civil & penal
sanctions on banks directors & managers? (3) Can the supervisory agency order directors/management to constitute
provisions to cover actual/potential losses? (4) Can the supervisory agency suspend director’s decision to distribute
dividends? (5) Can the supervisory agency suspend director’s decision to distribute bonuses? (6) Can the
supervisory agency suspend director’s decision to distribute management fees? (7) Can the supervisory agency
supersede bank shareholder rights and declare bank insolvent? (8) Does banking law allow supervisory agency to
suspend some or all ownership rights of a problem bank? (9) Regarding bank restructuring & reorganization, can
supervisory agency remove and replace management? (10) Regarding bank restructuring & reorganization, can
supervisory agency remove and replace directors?
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