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Abstract

The present Dissertation’s academic research question addresses the assessment of the
relative efficiency of German banks for the 2013-2016 period. In order to address the
latter research question, this document’s empirical research strategy essentially employs
a two-step approach. It first uses an established methodology, entitled Data Envelopment
Analysis (D.E.A.), producing a set of baseline findings associated with the efficient
measurement of German banking efficiency for the said period. Second, it subsequently
employs a robustness check, through the estimation of the Malmquist Productivity Index,
in order to extend the critical baseline analysis to an intertemporal framework. The overall
findings reflect a proficient and stable assessment of relative efficiency measurement for
the German banking industry as a whole (as represented by the chosen sample), by
accurately identifying any potential inefficiency sources, which can be potentially
improved upon. The banking data were extracted from ORBIS® BankFocus. The inputs
considered are deposits and interest expense, while the outputs are loans and interest
income. These inputs and outputs were analysed both separately and simultaneously,
according to three different approaches: i) deposits and interest expense to loans and
interest income; ii) deposits to loans; and iii) interest expense to interest income. An
output-oriented approach was also conducted, as model applications test the
maximization of outputs for a given level of inputs. Lastly, both constant and variable
returns to scale assumptions were addressed in the present Dissertation. The present
Dissertation’s overall findings associated with the efficiency measurement related to the
performance of the German banking industry are quite stable across the different model
applications, notwithstanding some minor expected differences according to the set of
model inputs/outputs chosen. This stability also suggests that some banks are more
revenue-oriented, while others are more asset-oriented. It is hoped that the findings might
contribute to the performance improvement of the Euro Area’s most powerful banking
industry.
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Resumo

A presente Dissertacdo aborda como questdo cientifica de partida a eficiéncia relativa dos
bancos Alemaes, no contexto do periodo 2013-2016. A questdo cientifica de partida que
preside a presente Dissertacdo é respondida em duas etapas. A primeira etapa consiste na
aplicacdo da metodologia ‘Data Envelopment Analysis’ (D.E.A.), produzindo um
conjunto de resultados de base associados a afericdo da eficiéncia da banca Alema para o
periodo em questdo. A segunda etapa consiste na aplicacdo do ‘Malmquist Productivity
Index’, estendendo os resultados base a uma dimensdo intertemporal. Em funcdo da
amostra representativa, os resultados globais relativos a aferi¢cdo da efici€ncia da industria
bancdria Alemd sdo muito eficazes e estdveis, identificando potenciais fontes de
ineficicia nesta inddstria, que podem ser subsequentemente colmatadas. Os dados foram
extraidos da base ORBIS® BankFocus. Os inputs considerados sao os depdsitos e os juros
pagos, enquanto que os outputs sao os empréstimos e os juros auferidos. Ambos os inputs
e outputs foram analisados quer simultaneamente, quer separadamente, de acordo com
trés abordagens distintas: i) depdsitos e juros pagos relativamente aos empréstimos e juros
recebidos; ii) depdsitos relativamente a empréstimos; e iii) juros pagos relativamente a
juros auferidos. Uma abordagem ‘output-oriented’ foi estimada, de acordo com a qual se
procedeu a uma maximizagdo dos outputs face a um determinado nivel de inputs. Por
ultimo, foram igualmente consideradas as hipoteses ‘constant returns to scale’ e ‘variable
returns to scale’. Os resultados empiricos obtidos referentes a relativa eficiéncia da banca
Alema sdo significativamente estdveis ao longo das diferentes variantes do modelo, ndo
obstante existirem algumas diferencas expectdveis tendo em conta as diferentes
combinacgdes de inputs e outputs. Esta estabilidade dos resultados sugere que alguns
bancos Alemdes sdo ‘revenue-oriented’, enquanto outros sdo mais ‘asset-oriented’ .
Espera-se que a presente andlise critica possa contribuir para a melhoria da performance
da inddstria bancdaria da economia mais poderosa da Zona Euro.

Palavras-chave: Bancos Alemaes, Afericdo da Eficiéncia, Data Envelopment Analysis,
Indice de Produtividade Malmquist, Eficiéncia Relativa, Performance dos Bancos
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1. Introduction

Efficiency is a widely studied academic research topic in Economics and Finance, since
economic agents aim to produce more with a given amount of inputs. However, efficiency
can be very difficult to measure, since it is challenging to determine the appropriate
measures and approaches to analyze efficiency. Moreover, it is also challenging to find
the suitable criteria to quantitatively define efficiency and applying these criteria to

various firms and entities.

Banks are one of the most scrutinized institutions by society: customers, politicians,
economists, analysts and investors are attentive to their performance due to the high costs
of state intervention to rescue banks, when negative externalities arise. That said, every
agent of society wants banks to be as efficient as possible, saving resources that can be
better used in order to produce more, for instance, to finance the Economy, with the least
amount of resources possible. Banks are thus highly complex institutions, and the
fundamental aim of this dissertation is to critically analyse banks within an efficiency

framework setting.

Accordingly, this dissertation aims to study banking efficiency in Germany, a bank-based
economy were banking institutions are essential to the well-functioning of its Economy.
More specifically, the present Dissertation focuses on commercial banks, whose principal
function is to collect deposits and provide loans, profiting from the interest margin

between the interest received from loans and interest paid on deposits.

In order to study this fundamental topic, the present Dissertation employs a sophisticated
methodology, entitled Data Envelopment Analysis (D.E.A.). D.E.A. constitutes a non-
parametric methodology, initially used in operations research, and subsequently adapted
to Finance. Data Envelopment Analysis constitutes a model that measures relative
efficiency, thus making a significant contribution to the field of efficiency measurement,
thus circumventing the issues on efficiency metrics previously mentioned, since it can be
applied to every type of firm, starting from a generic economic efficiency statement.
Additionally, the present Dissertation also examines efficiency along a specific timeline,
using another model, entitled the Malmquist Productivity Index, thus completing the
standard D.E.A. critical analysis, and enriching the present Dissertation. That is, the
methodological design covers both a static and a dynamic critical analysis, as well as

model applications with robustness checks.



Accordingly, the main academic research question that presides over the present
Dissertation addresses the efficiency analysis in German banks for the 2013-2016 period,

using the Data Envelopment Analysis Methodology.

Succinctly, our findings suggest that the overall results associated with the efficiency
measurement are quite stable across the different model applications presented, even
though some minor anticipated changes are observable, according to the inputs/outputs
chosen. Moreover, there is some empirical evidence that some banks are more revenue-

oriented, whilst others are more asset-oriented.

Lastly, the present Dissertation is structured as follows: section 2 presents the literature
review for this research topic, presenting the key concepts related to Data Envelopment
Analysis and the evolution observed in the use of this methodology since it was first
formulated. Section 3 examines the German banking system, focusing and explaining its
peculiar organization. This chapter also briefly analyses the reasons for certain
idiosyncratic effects observed in the German banking industry during the financial crises.
Section 4 describes the models used in the present Dissertation, namely the Data
Envelopment Analysis and the Malmquist Productivity Index; as well as the dataset and
corresponding data considerations followed throughout this Dissertation. Section 5
subsequently describes the empirical findings associated with the models’ application for
the German banking industry. In this section, three variations of the D.E.A. model are
computed and critically scrutinized. The results for 2016 are first analyzed separately,
and then the three D.E.A. variations are computed for each year, from 2013 to 2016.
Subsequently, the Malmquist Index is also estimated for the period under analysis,

allowing for a deeper interpretation of the results within a intertemporal perspective.



2. Literature Review

The present section of the Dissertation critically reviews the most relevant academic
literature applicable to the Dissertation’s underlying research question, namely the

research topic associated with the empirical measurement of bank efficiency.

Efficiency and, more specifically, bank efficiency, constitutes quite a relevant topic in the
academic literature. Berger, Hunter, & Timme (1993) presents an academic survey that
critically reviews past academic research of bank efficiency, which, typically, revolves
around the analysis of the following research topics: i) scope and scale economies in
banking; ii) X-efficiency'; iii) bank mergers and its impact on efficiency; iv) the role of
governmental institutions; and v) efficiency in the insurance sector. The said academic
survey concludes by presenting the main drivers of financial institution efficiency. Where
the topics of scale and scope economies are concerned, the surveys’ authors suggest that
past research demonstrates that the use of translog? functions is not appropriate for the
measurement of efficiency. Instead, the estimation of scale and scope economies should
be done on the X-efficient frontier, and both scale and scope efficiencies should be
derived from the profit function, in order to fully account for cost and revenue structures.
Furthermore, the survey’s authors claim that more research on the concept of financial
scale economies is needed, as well as “on the optimal scope economies concept” (Berger,

et al., 1993: p. 226).

Farrell (1957) constitutes the first document to present a quantitative method to measure
productive efficiency. The author seeks to present a measure of productive efficiency that
could be easily applied to any situation where a given set of inputs originate a specific set
of outputs. For that purpose, the author observes that the production frontier should be
use as benchmark. More importantly, the article presents three measures of efficiency: 1)
technical efficiency (i.e., inputs needed to produce the observed output versus inputs
observed to produce the same level of output); ii) price/allocative efficiency (i.e., costs of
producing the observed output at the observed prices versus the costs observed in the

efficient frontier); and iii) overall efficiency (“‘costs of producing the observed output if

1 X-efficiency refers to the amount of outputs necessary to reach the maximum possible for that quantity of
input. According to this theory, under perfect competition all firms are x-efficient, because over the long-
run x-efficient firms have advantage over the inefficient firms.

21t is important to mention the use of translog functions because of their generalized application to the field
of efficiency measurement, namely to bank efficiency. According to Berger et al.( 1993) these functions
are not appropriate when applied to banks of significantly different sizes.
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both technical efficiency and price efficiency are assumed relative to observed costs”
(Fgrsund & Sarafoglou, 2005, p. 21)). Moreover, Farrell (1957) illustrates the proposed
methodology with an example drawn from agricultural production in the United States of
America. Lastly, it should be pointed out that this seminal article’s contribution to the
field is twofold: 1) it first advances a definition of efficiency measures; ii) it then advances
the specification of the production frontier function and its link to efficiency

measurement.

The Data Envelopment Analysis (D.E.A.) model was first presented by Charnes, Cooper,
& Rhodes (1978) which builds on the previously mentioned document by Farrell (1957).
According to these authors, the D.E.A. is essentially a conceptual model that measures
decision making efficiency. This model was initially designed to evaluate public
programs, more specifically, educational programs. The model states that there are
several decision-making units (D.M.U.’s), i.e. entities or firms, with inputs and outputs,
and a ‘program’, i.e., a group of decision making units. A ‘program’ can be a set of firms
or non-profit entities, for example in the case of the present Dissertation, the ‘program’
is the set of German banks, as shall be seen in subsequent sections. According to the
authors, the efficiency determination of a D.M.U. is “the maximum of a ratio of weighted
outputs to weighted inputs, subject to the condition that similar ratios for every D.M.U.
must be less than or equal to unity” (Charnes et al., 1978, p.430). The weights are not
preassigned, but determined using linear programming methods on the data available for

each D.M.U. This model is known in the academic literature as the ‘C.C.R. model’.

The C.C.R. model was later adapted by Banker, Charnes, & Cooper (1984) in a seminal
article addressing this important research topic. The main difference in this framework of
analysis is that it accounts for variable returns to scale, whilst the C.C.R. model only
considers constant returns to scale. The main drawback of the original model is that the
constant returns to scale attribute constitutes an appropriate approach when the D.M.U.s
are operating at the optimal level. Otherwise, both technical and scale inefficiencies must

be accounted for.

The previously mentioned literature is essentially concerned with the underlying
theoretical framework, but the said models were then applied to specific industries and
countries, vastly increasing, from an empirical standpoint, the academic literature on this

fundamental research topic, thus ultimately originating a great number of empirical



applications (this also coincides with the main focus of the present empirical

Dissertation).

The first relevant empirical application of D.E.A. models to the United States of America
was implemented by Sherman & Gold (1985). The model was specifically applied to the
particular case of a U.S. bank, in order to assess its efficiency. The model was applied to
14 bank branches, the outputs being grouped in four types of transaction types, while the
inputs include labour, office space and supply costs. The research findings demonstrate
that six out of the fourteen branches were relatively inefficient. Two of the inefficient
branches were the smallest in terms of the volume of transactions, which could be justified
by the existence of diseconomies of scale, or by the quality of management (assuming
that less experienced managers controlled smaller branches.) The authors observed that
relatively less efficient branches were near to the contract termination due to the
proximity to other branches, and due to low liquidity performance. Additionally, there
was a revision of the excess inputs of the non-efficient branches, when a comparison is
established between actual input usage and the potential reduction on each input identified
with the D.E.A. methodology in order to identify branches that might become more

efficient.

Yeh (1996) uses the D.E.A. methodology, alongside with financial ratios, to relate
profitability with the financial operating strategies for a given set of banks in Taiwan. The
author separates the banks comprised in the sample in three distinct groups — low,
medium, and high D.E.A. scores-, while subsequently applying financial ratio accounting
for capital adequacy, profitability, asset utilization, and liquidity assessment. The author
concludes that, on average, banks with a higher D.E.A. score were less leveraged and
“were more aggressive in employing their deposits and assets to generate revenues than
those who were less D.E.A. efficient” (Yeh, 1996, p.987). Additionally, the author
observed that Taiwanese business cycles, particularly in the 1980’s, were factored in the
D.E.A. score. The author also concludes that, with a correct choice of inputs and outputs,
the D.E.A. methodology can provide a significant contribution to the evaluation of a given

bank’s “financial condition and management performance” (Yeh, 1996, p.988).

Casu & Molyneux (2003) analyze whether the banking industry in Europe faced both
improvement and convergence in terms of bank efficiency during the period 1993-1997.
The authors used D.E.A. estimation in order to assess the said efficiency.

Notwithstanding, it should be noted that the determinants of bank efficiency pose some

5



issues associated with the dependency of D.E.A. efficient scores, when applied in the
context of regression analysis. To overcome this drawback, a bootstrap technique was
used by the said research. The authors’ main conclusions suggest that since the EU’s
Single Market Program was brought into effect, bank efficiency across the Union
improved significantly. However, there is no evidence that convergence amongst

countries is observed.

Yue (1992) further evaluates the management performance of 60 commercial banks in
Missouri, between 1984 and 1990. For that purpose, the applied methodology used in the
article is the C.C.R. model according to the intermediary approach, i.e. financial
institutions’ main function is promote the intermediation between savers and borrowers.
The outputs adopted were: interest income, non-interest income and total loans; whilst
the inputs were: interest expenses, non-interest expenses, transaction deposits and non-
transaction deposits. Yue (1992) performs a window analysis, identifying the relative best

and worst banks, as well as the most stable banks.

Analogously, Kocisova (2014) applies the D.E.A. methodology to a set of Slovak and
Czech commercial banks, considering the period of 2009-2013. The article aims to
compare bank efficiency through either maximizing profit (or revenue), or minimizing
costs, thus focusing on revenue, cost and profit efficiency. The methodology used was
the input-oriented B.C.C. model (according to the variable returns to scale approach). The
variables used to measure efficiency were: total deposits, number of employees, fixed
assets, total loans, other earning assets, price of deposits, price of labour, price of physical
capital, price of loans, and prices of other earning assets. The findings demonstrate that,
on average, banks from both countries increased revenue efficiency; however, Czech
banks were the most revenue-efficient, meaning that Slovak banks have more potential to
increase revenue efficiency than their Czech counterparts. It should be observed that cost
efficiency is reduced in both countries, notwithstanding the fact that it was higher in the
Czech Republic. Where profit efficiency is concerned, it decreased in both countries,

although being higher in the Czech Republic.

Berg, Fgrsund, Hjalmarsson, & Suominen (1993) analyzed the efficiency of banks in
Finland, Norway and Sweden for 1990. For that purpose, D.E.A. analysis was used,
considering both constant and variable returns to scale. The article uses quite a broad data
set that includes 503 Finnish banks, 150 Norwegian banks, and 126 Swedish banks. The

outputs considered are: total loans (to others than financial institutions), total deposits (to

6



others than financial institutions), and number of branches. The inputs are labour
(measured in man-hours per year), and capital (measured in book value of tangible assets).
When performing an individual analysis of the countries comprised in the chosen sample,
the authors conclude that Finland and Norway have the largest efficiency spreads. When
the analysis addresses the pooled Nordic data set, most banks with the highest efficiency
score were Swedish, while one large Finnish bank was amongst the most efficient units,

and no large Norwegian bank had an efficiency score higher than 0.9.

Nitoi (2008) examines the efficiency of 15 Romanian banks, comprising around 90% of
the total bank assets in Romania in the period of 2006, 2007 and 2008. The analysis was
input-oriented, and it focuses on the intermediary approach. The article considered the
existence of both variable and constant returns to scale. The outputs were: loans, other
earning assets and core operating profit; whereas inputs were deposits and other borrowed
funds, number of employees, and number of bank branches; while input costs were:
interest expense, personnel expenses, and other administrative and general expenses. In
both the constant and variable returns to scale approaches, technical, allocative and cost
efficiency were measured. In the case of variable returns to scale, the scale efficiency
(ratio between technical efficiency from constant returns to scale and variable returns to
scale) was also computed. On the other hand, for the constant returns to scale approach,
the total factor productivity (Malmquist Index) was also estimated. The Nitoi (2008)
findings demonstrated that large banks were the most scale-efficient, and that banks with
Romanian shareholders were the least efficient. Overall, the banks addressed by this study

can potentially become more efficient in both allocative and cost terms.

Sahin, Gokdemir, & Ozturk (2016) analysed the Turkish banking system, employing the
D.E.A. methodology to examine the effects of the Global Financial Crisis on the country’s
banking performance, especially on bank efficiency. The data set is comprised by 19
commercial banks, and the article addresses the period between 2004 and 2012. The
article takes into consideration the variable returns to scale input-oriented approach. The
input variable set includes: the capital adequacy ratio, deposit rate, liquidity ratio and size
of assets; whereas the output set is composed by: quality of assets, loan rate, riskiness
ratio, returns on assets rate, shareholder’s equity profitability ratio, and the management
effectiveness rate. In order to assess the efficiency of the Turkish banking industry for the
time period under analysis, the variance of efficiency scores of the banks was measured

using the Malmquist Total Factor Productivity.



In passing, it should be observed that the Malmquist Total Factor Productivity Index is a
very relevant metric to compare efficiency in an intertemporal setting, since D.E.A scores
provide relative efficiency of a D.M.U in comparison with those of another D.M.U.’s in
a certain period — that is, relative efficiency is a static measure. Thus, the Malmquist
T.F.P. Index complements a D.E.A score approach, which will be observed in the

following sections.

The authors’ findings demonstrate that, on average, efficiency improved between 2006
and 2009, and then decreased in the period between 2010 and 2012. However, if we divide
the banks by clusters (i.e., public; private; and foreign ownership), the authors conclude
that only the public banks were impacted in terms of efficiency throughout the crisis time

frame.

Staub, da Silva e Souza, & Tabak (2010) address the efficiency of Brazil’s banking
system using the D.E.A. methodology, thus investigating technical, cost and allocative
bank efficiencies for the period between 2000 and 2007. Where the research’s sample
size is concerned, the number of banks varied through the years, but was confined to the
range between the minimum of 138 and the maximum of 184 financial institutions. Given
that the intermediary approach strategy was adopted by the research, the outputs were:
total loans net of provision loans, investments, and deposits; while inputs were:
operational expenses net of personnel expenses, personnel expenses, and interest rate
expenses. The authors’ approach engages a panel data model. This article’s findings
suggest that foreign banks are less cost efficient than Brazilian banks, and this conclusion
is in line with the home field advantage hypothesis®. Additionally, state-owned banks
appear to be more efficient than private institutions, thus rejecting the agency theory
hypothesis*. For the 2000-2002 period, the inefficiency of Brazilian banks is more related
to technical inefficiency. In what concerns to size and type of activity, there was no

significant evidence supporting differences in terms of bank efficiency.

A critical issue regarding D.E.A. models is the choice of variables. Eskelinen (2017)
presents a rigorous research regarding variable selection procedures for data envelopment

analysis. The choice of inputs and outputs becomes crucial for the model and, therefore,

3 This hypothesis stipulates that domestic companies are more efficient than foreign ones due to
organizational diseconomies and to regulatory differences (Staub et al., 2010).

4 According to the agency theory hypothesis, the separation between the interests of ownership and
management (agents) can lead inefficient costs (Jensen, M. C., & Meckling, W. H. (1976)).



sound techniques and approaches are needed to choose inputs and outputs to avoid
problems caused by selection bias. The author suggests two methods: 1) variable reduction
(based on partial covariance); and efficiency contribution measure (based on Data
Envelopment Analysis). The variable reduction technique induces variable selection by
using a multivariate statistical test (aimed at minimizing the loss of information caused
by variable reduction), using as indicator the variance around the mean. While the
efficiency contribution measure is based on a process of backward variable elimination.
The two methods do not yield the same result, and this fact highlights the need to choose

appropriate variables.



3. German Banking System — a brief contextualization

The present section briefly addresses the structure and historical evolution of the German
banking industry (sub-section 3.1); while also briefly addressing the impact of the Global

Financial Crisis on the German banking industry (sub-section 3.2).
3.1. German Banking System
Germany has a bank-based economy, with banks playing a leading role in the financial

system. Germany, alongside with Japan, is the epitome of the bank-based economy (Allen

& Gale, 2000).

The German banking structure is organized around a three-pillar system, which neatly
divides financial institutions into commercial banks’, public sector banks and cooperative

banks. This designation is based on differences in both ownership and activity criteria.

The table below summarizes the three-pillar structure in both ownership and aim of

activity.

Figure 1: German Banking System

First Pillar Second Pillar Third Pillar

Commercial Banks Saving Banks Cooperative Banks

Shareholders Municipalities Members

Profit Maximization Profit Maximization

Profit Maximization

Regional

Members Promotion
Development

Source: Adapted from Faltermeier (n.d.).

Commercial banks refer to circa 40% of total bank industry, in terms of assets under
management, and this segment is composed of: (i) three large groups; (ii) small and

medium banks and; (iii) a residual amount of foreign branches. The institutions within

5 Some authors and institutions (including the I.LM.F.) name the first-pillar as ‘private commercial banks’
(LM.F, 2011). In the context of the present Dissertation, the term ‘commercial banks’ will be adopted due
to the fact that part of Commerzbank (one of the most important commercial banks included in this
category) is partially publicly owned, for the period under analysis throughout this Dissertation.
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this first pillar are both international- and national-oriented. Generally, national-oriented
private commercial banks have an inclination to include more specialized services (for

example, real-estate related) than foreign banks.

The second pillar consists of public-owned banks, including saving banks (‘Sparkassen’).
These banks are also engaged in regional development, although their activities are
geographically constrained, while offering a wide variety of products and services to an
eclectic group of clients. Sparkassen do not compete with each other, but they do compete
with commercial banks and cooperative banks operating in their correspondent region.
Landesbanken were the equivalent of a central bank for the Sparkassen. More recently
Landesbanken widened the scope of their activities, engaging in more banking segments

(such as investment banking), hence competing with commercial banks.
The figure below illustrates the distribution of Landesbanken across Germany.

Figure 2: Distribution of Landesbanken in Germany

HSH Nordbank
B NorD/LB
. Helaba
LBBW
. BayernLB

SaarLB

Source: Author (2018)

The third pillar is related to cooperative banks. These institutions are large in number, but
small with reference to asset size®, having quite a relevant presence in rural areas of
Germany. The ownership of these institutions is peculiar since they are owned by their
members, despite being open in the provision of banking services to the general public.

They aim to support the financial and economic interests of their members, while taking

6 According to IMF (2011), cooperative banks account for approximately 65% of the total number of
institutions, but only for 11% of total bank assets.
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advantage of raising funds in a self-sufficient manner as a foremost jointly-owned
business. With the openness of cooperatives to non-members, the difference in relation

to universal banks activities is less observable.

The figure below describes the current state of the German banking structure, weighted
by total assets of each group of banks, with the traditional groups included in the three-
pillar designation accounting for circa 80% of the total bank assets. The remaining bank
assets refer to a group designated ‘other banks’, including mortgage banks, loan
associations, etc. Since this group is quite heterogeneous, it cannot be considered as a

fourth pillar.

Figure 3: German banking structure

® Landesbanken
= Savings banks
31%
Cooperative banks
= Mortgage banks
= Building and loan associations
11% Banks with special, development

and other central support tasks
H Big banks

1%

H Regional banks and other
commercial banks

® Branches of foreign banks

Source: Deutsche Bundesbank (2018).

The most significant private banks appeared at the end of the 19" century. For many
years, the most important financial institutions within the German Financial system were
the following: i) Deutsche Bank, founded in 1870 in Berlin; ii) Commerzbank, also
founded in 1870 in Hamburg; and iii) Dresdner Bank’, founded one year later in the city
of Dresdner. Their role was to: i) support the activity of corporations; ii) help the
economy; and iii) support the foundation of companies. It was only after the second half
of the 20" century that these banks opened their operations to the public in general.

However, some structural changes have occurred in more recent times. For example,

7 Dresdner Bank was acquired by the Commerzbank in 2009 (Financial Times, 2009).
12



presently, Dresdner Bank does not exist as a separate bank. Deutsche Bank attempted to
acquire it in 2000. Before the international crises, Commerzbank, the third largest
commercial bank, acquired Dresdner Bank, the second largest. This acquisition weakened
Commerzbank, forcing the German government to rescue it and become its main

shareholder (Financial Times, 2009).

3.2. Global Financial Crisis and the German Banking System

Germany was badly hit by the Global Financial Crisis. Hufner (2010) points three main
reasons for that: (i) the large amount of toxic assets held by the Landesbanken; (ii) the
historical and structural low profitability of its banking system; and (iii) limitations

related with banking supervision.

The large amount of toxic assets held by the Landesbanken might be explained by
governance shortcomings: these institutions had a guarantee issued by the German
government in the event of default of financial products. The European Commission
forced the end of these state guarantees, notwithstanding the fact that they were only

completely terminated in 2015.

Furthermore, supervision problems were caused by: i) lack of independence of the
regulator; ii) narrow focus of the scope of supervision compliance with quantitative

requirements only; and iii) limitations associated with macro-prudential analysis.
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4. Methodology and Data

The present section succinctly describes the empirical methodology adopted by the
present Dissertation (sub-chapter 4.1), as well as the data set herein used (sub-chapter

4.2).

4.1. Methodology - Data Envelopment Analysis

Data Envelopment Analysis (D.E.A.) is a methodology that started to be widely applied
in operations research, and then spread out to other research fields (namely to Finance).
This methodology is quite proficient in identifying efficient units (entities) and relative

efficiencies between the units under analysis.

The Data Envelopment Analysis (D.E.A.) methodology is essentially implemented in two
stages: 1) it uses the information of the inputs and outputs of each Decision-Making Unit
(D.M.U.) to construct the efficient frontier; ii) any subsequent measurement of efficiency

is estimated relatively to the efficient frontier.

The original paper by Charnes et al (1978) presents in input-oriented theoretical model,
assuming constant returns to scale (C.C.R. model). Later, the initial model was adapted
to include other features, such as variable returns to scale (V.R.S.). Banker, Charnes and
Cooper (1984) were the first authors to propose the inclusion of variable returns to scale

into this specific theoretical framework.

Charnes et al (1978) thus proposes the maximization of the ratio of weighted outputs to
weighted inputs for that specific unit, subject to the condition that the ratio be less than

or equal to one, and higher or equal than zero. That is:

J
21:1 vmj ij

Max —;
Zi:1 UmiXmi

)

Subject to:

¥ 1 Vinj Ymj
0<Z2 W W ciin=1,2,.., )
Yiz1 UmiXmi

Umjp Ui 2050 =1,.,1;j = 1,...,] 3)
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Where N is the total number of D.M.U.s, J is the weighted sum of outputs, / is the
weighted sum of inputs, M is the base DMU (calculating for the m” D.M.U.), N are
D.M.U'’s, I are inputs, J are outputs, vp,; are the weights for outputs, and u,,; are the

weights for inputs.

Please note that the previous model assumes a fractional equation (1), a fact that originates
some computational issues in the corresponding estimation, in view of the fact that the
objective function is non-linear. Taking into consideration the existence of non-
linearities, Charnes et al (1979) transformed the objective function into a linear form, as

stated below:

]
max Z VinjYmj 4)

j=1
Subject to:

I

Zumixmi =1 5)

i

J I
zvmjym‘ - Zumixni <0; n=1,2..,N (6)
j=1 i=1

Umj,umiZO ;1 =12,....; j=12,.,] (7)

The non-negativity conditions ensure that input and output weights will be always

positive and the efficiency score will be a number between 0 and 1.

Furthermore, the D.E.A. Charnes-Cooper-Rhodes model has two main variants: i) the
output-oriented variant; and ii) the input-oriented variant. The output-oriented model
maximizes outputs associated with a given level of input and is stated as the above-
mentioned model. On the other hand, the input-oriented model attempts to minimize
inputs in order to produce a given level of output. The input-oriented C.C.R. model is also

known as the dual model.
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Where 6, is the efficiency ratio of the m® D.M.U. The D.M.U. is relatively efficient if

its efficiency score (6,,) is equal to 1.3

As mentioned before, the C.C.R. model assumes constant returns to scale (C.R.S.). To
allow the model to account for variable returns to scale (V.R.S.), Banker et al (1984)
adapted the C.C.R. model, adding a measure to capture input excesses and output

shortfalls. The model also includes a convexity condition with non-negativity constraints.

The model is expressed as:

q
Zj:1quj — U

Max E;, =
p
i=1 VXki

(12)

Subject to:
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p
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<1 (13)

Where Ex s the efficiency of k" D.M.U., Q stands for output, P for inputs, uj are
weights of output (virtual value), V are the weights of inputs (virtual values), and u, is a

scalar (unconstrained in sign).

81t is important to mention that a relatively efficient D.M.U. implies a score of 1, but a score of 1 does not
imply that the D.M.U. is necessarily in the efficient point (Seiford & Thrall (1990).
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4.2. Malmquist Productivity Index

The present Dissertation complements the adopted research design by completing the
efficiency analysis through the estimation of the Malmquist Productivity Index® (M.P.L).
The adoption of this second step might be viewed as a robustness check associated with
the first step. Accordingly, this index metric allows the intertemporal comparison of
efficiency. Typically, since scores are a static measure, it is only possible to compare
them if they are the result of the same simulation, due to the fact that each simulation
returns a different efficient level (in absolute terms). The estimation of the M.P.IL
sidesteps this initial research design limitation. Furthermore, as mentioned before, scores
only provide a relative measure of efficiency, due to the fact that, in absolute terms, they
are meaningless. Thus, the M.P.I. measures the productivity changes between two time
periods. Furthermore, those productivity changes can be decomposed into technological
and efficiency variations. Moreover, the Malmquist Productivity Index (M.P.1.) is based

on a distance function E{(.), and uses simultaneously the observations at time ¢ and 7+1/.

EIt (xt+1’ yt+1)
Ef (xt, y*)
Elt+1 (xt+1' yt+1)

Ef* (a9

MPIf = (14)

MPIf+ = (15)

Where [ refers to the orientation of the Malmquist Productivity Index Model (input or

output-oriented), X refers to inputs, and Y refers to outputs.

The geometric mean (MPI%) of equations (14) and (15) is given by
MPI® = (MPIf X MPI,”l)%
_ [(Elt (xt*1, yt+1)> y (Elt+1 (xt+1, yt+1)>r
Ef (xt, yb) Ef*t (xt, yb)
The input-oriented MPI® can be decomposed by two effects: i) the input-oriented

technical change (TECHCHF); and ii) the input-oriented efficiency change (EFFCH;,).

(16)

9 Also known as Malmquist Total Factor Productivity Index (Sahin, Gokdemir, & Ozturk, 2016). The
notation herein presented follows the previously mentioned article.

17



MPIS = (EFFCH;) x (TECHCHf) =

1 17
_ EIt (Xt+1, yt+1) o EIt (xt’ yt) « EIt (xt+1, yt+1) 2 ( )
Ef (xt, yb) EFT (xt, yb) EF (xt+1, yt+1)

When both constant and variable returns to scale are addressed in the context of Data
Envelopment Analysis (D.E.A.), it is possible to decompose technical efficiency changes
into either: i) scale efficiency change (SECH); ii) and pure technical efficiency change

(PECH).

Evks (™, y"™"D/EGs (7 y™ ) Ejps (2, y©D EGps (1, T

SECh = 18
EGHL (et yO/EEL (7 El e Gty 79/ Elgs (6, 70) (18)
Et+1 Xt+1, t+1
PECH = %5 ( iR ) (19)
Ecrs (xt, yY)
4.3. Data

The financial database used for data extraction is the ORBIS® BankFocus database,
accessed in November 2017. ORBIS® Bank Focus is considered the principal dataset on
private company financial information, but it also contains information regarding public
companies all around the world. The main reason for using this specific database is related
to the extinction of Bankscope in 2016, a world database containing financial institutions’
data, which is widely used to retrieve information for academic research on banking

research questions.

The main data retrieval process is related to financial institutions in Germany, including
commercial, investment, and private banks, as well as financial boutiques. In light of this

procedure, the initial number of financial entities was 1818.

The initial sample data were subsequently sorted by asset size, a main criterion being the
selection of banks with a book value of assets higher than €30bn. This procedure is in

strict accordance with the E.C.B. size criterion for significant banks!®. The next step was

10 According to the E.C.B., there are four significance assessment criteria: i) size (total value of assets
higher than €30bn); ii) economic importance (relevance for a particular country or EU economy); iii) cross-
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to verify each bank individually, whilst trying to capture the nature of its operations.
Please observe that in the present Dissertation, the banks’ intermediary approach is
strictly considered. In passing, the intermediary approach was presented by Sealey and
Lindley (1977), and states that the function of commercial banks is to generate loans as
output, using liabilities (mainly deposits) as input. Under this perspective, banks play the
role of intermediaries in the transformation of deposits into loans in the economy. In light
of this fundamental goal, only German institutions with this type of activity were
considered in the context of the present Dissertation. Investment banks, private banks,
financial boutiques were thus not addressed within the present Dissertation’s chosen
(final) sample. Additionally, banks with a lesser degree of diversification in their
activities (for example banks whose nature was financing public building, real estate or
even cars) were also removed from the data set, in order to focus the sample on the above-

mentioned financial goal.

At the same time, the sample size must also be in accordance to fit some quantitative
criteria. Cooper et al (2007) presents two rules that must be verified simultaneously in

any sample subject to Data Envelopment Analysis (D.E.A.):
sample size > number of inputs * number of outputs
sample size > 3 * (number of inputs + number of outputs)

For the present Dissertation, the maximum number of inputs and outputs used
simultaneously is two (two inputs alongside two outputs), so the sample must have at

least 12 D.M.U.’s.

Considering both qualitative and quantitative criteria, the final sample size thus includes

sixteen German banks.

Table 1 below presents the summary statistics for the D.M.U.s (banks) herein critically
reviewed as of December 2016 (the last year on which information was available in the

database at the time of search).

border activities (for banks with total assets higher than €5bn and an assets/liabilities with another member
state higher than 20%); and iv) direct public financial assistance (E.C.B. (2018))
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Table 1 — Summary statistics (Dataset)

Total assets Total Tier 1 ratio Deposits and short
DMU Bank name (€000) Equity (€'000)  capital ratio (%) Loans (€'000) term funding
(%) ¢ (€000)
A Deutsche Bank AG 1,590,546,000 64,819,000 16.60 13.10 511,792,000 730,682,000
B Genossenschaftlicher 1,215,780,000 98,569,000 16.10 13.10 784,552,000 904,964,000
FinanzVerbund
DZ Bank AG-Deutsche
C Zentral- 509,447,000 22,890,000 18.60 16.00 281,391,000 288,364,000
Genossenschaftsbank
D Commerzbank AG 480,450,000 29,640,000 15.30 1230 271,377,000 328,761,000
UniCredit Bank AG 302,090,000 20,420,000 21.10 2040 154,517,000 180,981,000
F Landesbank Baden- 243,620,000 13,119,000 21.50 1660 149,716,000 126,519,000
Wuerttemberg
¢] Bayerische Landesbank 212,150,000 11,056,000 17.00 1470 162,248,000 149,950,000
H Norddeutsche Landesbank 174,797,000 6,041,000 16.32 11.89 123,793,000 112,918,000
Girozentrale NORD/LB
1 Landesbank Hessen-
Thueringen Girozentrale - 165,164,000 7,850,000 19.60 1530 107,541,000 97,608,000
HELABA
J ING-DiBa AG 157,553,000 7,690,000 n.a 1320 116,219,000 146,796,000
K Deutsche Postbank AG 147,197,000 7,226,000 15.90 1240 114,113,000 132,195,000
L DekaBank Deutsche 85,954,700 5,086,400 22.20 18.70 43,494,800 44,676,400
Girozentrale AG
M HSH Nordbank AG 84,365,000 4,950,000 24.80 18.70 56,244,000 53,193,000
N Wiistenrot & 72,275,638 3,811,590 21.02 19.43 40,198,466 27,746,982
Wiirttembergische AG
Bausparkasse Schwibisch
(6] Hall AG, Bausparkasse der 65,851,705 4,922,058 27.70 27.70 55,202,227 58,873,101
Volksbanken und
Raiffeisenbanken
P Hamburger Sparkasse AG 43,487,501 3,273,000 15.70 15.10 33,864,481 37,134,356
(AKA)
Minimum 43,487,501 3,273,000 15.30 11.89 33,864,481 27,746,982
Maximum 1,590,546,000 98,569,000 27.70 2770 784,552,000 904,964,000
Average 346,920,534 19,460,191 19.30 16.16 187,891,436 213,835,115
Median 169,980,500 7,770,000 18.60 1520 120,006,000 129,357,000
Standard deviation 439,587,769 26,180,497 371 411 200,387,390 252,385,321
Skewness 2 2 1 2 2 2
Excess kurtosis 4 6 0 3 5 4

Source of underlying data: ORBIS® BankFocus.
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Table 2 — Summary statistics — income statement items (Dataset)

Net gains/losses on  Net fees and

Interest income  Interest expense . L Net income
DMU  Bank name (€000) (€000) ) .tradmg and commls§1ons (€000)
derivatives (€000) (€000)
A Deutsche Bank AG 25,637,000 10,930,000 547000 11744000 -1,356,000
Genossenschaftlicher 25,752,000 8,100,000 1,099,000 5,963,000 5,898,000
B FinanzVerbund
DZ Bank AG-Deutsche
Zentral- 6,698,000 4,151,000 783,000 1,698,000 1,606,000
Genossenschaftsbank
Commerzbank AG 9,848,000 4,771,000 288,000 3,212,000 382,000
UniCredit Bank AG 4,083,000 1,565,000 902,000 1,066,000 157,000
Landesbank Baden- 12,281,000 10,708,000 199,000 434,000 11,000
F Wauerttemberg
G Bayerische Landesbank 6,472,000 5,019,000 99,000 297,000 550,000
Norddeutsche Landesbank 7,297,000 5,574,000 400,000 219,000 -1,959,000
H Girozentrale NORD/LB
Landesbank Hessen-
Thueringen Girozentrale — 3,983,000 2,791,000 106,000 340,000 340,000
1 HELABA
T ING-DiBa AG 2,851,000 879,000 27,000 104,000 859,000
K Deutsche Postbank AG 3,951,000 1,787,000 50,000 843,000 317,000
DekaBank Deutsche 891,700 755,500 252,700 1,107,200 264,000
L Girozentrale AG
M HSH Nordbank AG 3,246,000 2,668,000 88,000 87,000 69,000
Wiistenrot & 1,624,207 790,820 70,890 -416,884 235,307
N Wiirttembergische AG
Bausparkasse Schwibisch
Hall AG, Bausparkasse der 1,658,172 1,007,856 157 -84,617 112,263
Volksbanken und
(0] Raiffeisenbanken
Hamburger Sparkasse AG 927,869 354,997 -1,641 279,790 80,138
p (AKA)
Minimum 891,700 354,997 -1,641 -416,884 -1,959,000
Maximum 25,752,000 10,930,000 1,099,000 11,744,000 5,898,000
Average 7,325,059 3,865,761 306,882 1,680,781 472,857
Median 4,033,000 2,729,500 152,500 387,000 249,654
Standard deviation 7,846,756 3,469,339 347,402 3,112,012 1,654,097
Skewness 2 1 1 3 2
Excess kurtosis 2 0 0 8 8

Source of underlying data: ORBIS® BankFocus.

As can be observed, there are significant differences in the size of banks (balance sheet
items) and in the profit and loss captions as well. Furthermore, the banks have distinct
revenue/expenses stream weights, and also different allocations in what concerns to their
balance sheets. However, and since it is impossible to find two financial institutions with
the same exact characteristics, this does not impact the model herein estimated, nor does
it impact the subsequent critical analysis performed in this Dissertation, because all model

conventions needed are still herein verified.
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5. Empirical Findings

The present section describes and critically discusses the empirical findings associated
with the empirical model estimations. Sub-section 5.1. describes and discusses the
findings associated with the estimations associated with the D.E.A. model applications;
while sub-section 5.2. describes and discusses the findings associated with the Malmquist

Productivity Index.

5.1. Data Envelopment Analysis (D.E.A.)

The present section presents the empirical findings associated with the adopted model
applications, in order to address the present Dissertation’s underlying academic research
question related to the efficiency of the German banking industry for the period 2013-
2016. The present Dissertation’s empirical findings encompass the multiple applications
associated with the Data Envelopment Analysis (D.E.A.) methodology, as per the

following sub-sections.

5.1.1. Data Envelopment Analysis applied to 2016

5.1.1. a) The Two-input and Two-output Model Application
Table 3 presents a summary of the D.E.A. estimation results for both constant and variable
returns to scale approach, under the output-oriented assumption!!, and considering 2016

as reference period (static analysis).

11 The Qutput-oriented approach estimates the maximum possible output for a given level of input.
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Table 3 — D.E.A. Estimation for 2016, considering both constant and variable returns to

scale.
DMU Constant returns to scale Variable returns to scale
rank 0 rank 0
A 9 0.931 1 1.000
B 1 1.000 1 1.000
C 15 0.691 15 0.712
D 13 0.809 12 0.864
E 12 0.819 13 0.843
F 1 1.000 1 1.000
G 10 0.885 10 1.000
H 7 0.952 1 1.000
1 8 0.941 1 1.000
J 1 1.000 1 1.000
K 11 0.884 11 0.888
L 16 0.490 16 0.506
M 6 0.991 1 1.000
N 1 1.000 1 1.000
(0] 14 0.752 14 0.753
P 5 1.000 1 1.000
Min. 0.490 0.506
Median 0.936 1.000
Average 0.884 0.910
Std. dev. 0.143 0.145

Source of underlying data: ORBIS® BankFocus

When comparing the output from Data Envelopment Analysis considering both constant
and variable returns to scale, the immediate observation is that the variable returns to
scale approach are associated with higher scores. Please observe that this is in line with
other authors that have also used both constant and variable returns to scale approach!?,
as this was also expected to occur in the present Dissertation’s model applications, given

the mathematical formulation of B.C.C. model!3.

The figure below illustrates the efficiency scores distribution comparison between

constant and variable returns to scale approach.

12 For example, this is the case of Casu and Molyneux (2003).
13 The adaptation of C.C.R. Model allowing variable returns to scale.
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Figure 4: Efficiency scores distribution
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Source: Author (2018).

In the case of constant returns to scale, four D.M.U.’s are considered to be efficient in the
allocation of inputs (interest expense and deposits) to generate output (interest income
and loans). However, for variable returns to scale, half of the sample is considered to be
efficient in output generation. It should be observed that for both constant and variable
returns to scale there are scores of 1.000 assigned to D.M.U.’s that are not in the first
place in the ranking due to rounding. Within D.M.U.’s with an efficiency score of 1.000'

it is impossible to make any further distinction (Yeah, 2017).

Slack analysis

One of the major advantages of Data Envelopment Analysis is the high degree of
precision when identifying inefficiency in the model applications. That is, when an
inefficient D.M.U. is detected, it is possible to determine the ideal amount of output for
that given input, and vice-versa. This constitutes a major advantage in the formal
quantitative assessment of the efficiency performance in the German banking industry for

the reference period under scrutiny.

Table 4 describes the slacks for the reference period 2016, considering constant returns

to scale!”.

14 To be more specific, to a D.M.U. to be considered efficient it is not only necessary to have an efficiency
score of 1 but also to have a rank of 1 when comparing with the other DMUs.

15 For simplification, the slacks for the variable returns to scale approach can be found in the Appendix.
The rationale for the interpretation is the same as in the constant returns to scale approach.
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Table 4- Slack analysis for 2016 (constant returns to scale approach assumed)

DMU Output slack Input slack
Interest income Loans Interest expense Deposits

A . 180,000,000 . 0

B 0 0

C 650,209 . 0

D 31,900,000 0

E 3,101,785 . 2

F . 0 0

G 1,298,784 4 659,780

H . 5 776,668

I 1,391,426 4 8,525

J . 0 . 0

K 194,816 . . 0

L 2,591,609 . 0

M . 4 909,001

N 0 0 0

o 41,388

P 0

Source of underlying data: ORBIS® BankFocus.

Slacks refer to additional improvements that might be implemented in order for a given
D.M.U. to be fully efficient. Accordingly, input slack thus constitutes the input amount
that could be reduced to efficiently produce that specific level of output. Similarly, output
slack accounts for the increase in output necessary to achieve the efficient line for a given

amount of input.

In order to better illustrate the model application, two examples are addressed. First, in
Table 3, D.M.U. A has a theta of 0.931, taking into account that the application is
conducted under the output-oriented approach. In this specific case, D.M.U. A could
increase its output by 6.69% without affecting any variable. However, the said D.M.U. A
can also increase the output loans by €180,000,000, even after increasing all outputs by
6.69%. A second example is related to D.M.U. G. In this case, the unit possesses an
efficiency score of 0.885, which reflects the fact that, even after the increase of 11.5% of
output, it could still increase interest income by €1,298,784k and decrease interest

expense by €659,780k.

25



5.1.1. b) The One-input (deposits) and One-output (loans) Model Application

Input and output variable choice is extremely important for the model, insofar as the
results of the model applications are sensitive to the number of chosen variables, both in
terms of efficiency scores and ranking. In order to evaluate that effect in the present
sample, and also to perform a partial variable analysis, the present research strategy
contemplated two further levels of analysis: i) the deposits-loans model; and the ii)

interest expense-interest income model.

Table 5 summarises the deposits-to-loans D.E.A. model, considering both constant and

variable returns to scale.

Table 5 — D.E.A. model for deposits-to-loans approach (constant and variable returns to

scale).
DMU Constant returns to scale Variable returns to scale
rank 0 rank 0

A 15 0.567 15 0.691
B 7 0.817 1 1.000
C 14 0.601 13 0.708
D 13 0.607 12 0.720
E 12 0.645 11 0.735
F 8 0.771 7 0.849
G 0.885 5 0.992
H 0.899 6 0.975
I 3 0.941 1 1.000
J 10 0.727 10 0.813
K 9 0.760 8 0.840
L 16 0.379 16 0.388
M 2 0.973 1 1.000
N 1.000 1 1.000
(0] 11 0.673 14 0.696
P 6 0.824 9 0.836
Min. 0.379 0.388
Median 0.766 0.838
Average 0.754 0.828
Std. dev. 0.169 0.170

Source of underlying data: ORBIS® BankFocus.

The most efficient bank in the allocation of deposits and loans is bank N. Considering
also the variable returns to scale scenario, the number of efficient D.M.U.s increases to

four. D.M.U. N, which was the most efficient unit in the base case scenario, is still the
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most efficient in this specific model application. The same observation could be stated
regarding D.M.U. L, insofar as the least efficient unit in the base model still continues to

be the least efficient unit under this specific framework analysis.

It should be mentioned that the average, minimum, and median values are consistently
lower in this approach than in the above-mentioned base case, meaning that the average
percentage potential improvement is higher than was the case with the base model.

5.1.1. ¢c) The One-input (interest expense) and One-output (interest income) Model
Application

Table 6 presents a summary of the interest expense-interest income D.E.A. model
application, considering both constant and variable returns to scale.

Table 6 — D.E.A. model for the interest paid to interest received approach (constant and

variable returns to scale)

DMU Constant returns to scale Variable returns to scale
rank 0 rank 0
A 5 0.723 4 0.996
B 2 0.980 1 1.000
C 10 0.497 10 0.506
D 7 0.636 7 0.648
E 4 0.804 5 0.812
F 16 0.354 11 0.477
G 13 0.398 14 0.405
H 12 0.404 13 0411
I 11 0.440 12 0.447
J 1 1.000 2 1.000
K 6 0.682 6 0.689
L 15 0.364 16 0.372
M 14 0.375 15 0.381
N 8 0.633 8 0.643
(0] 9 0.507 9 0.509
P 3 0.806 3 1.000
Min. 0.354 0.372
Median 0.570 0.576
Average 0.600 0.643
Std. dev. 0.217 0.244

Source of underlying data: ORBIS® BankFocus.

It can be observed that, in the case of constant returns to scale, just one D.M.U. (J) has an

efficiency score of 1.000; whilst in the scenario of variable returns to scale, there are three
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D.M.U.’s that achieve the perfect score (B, J and P), notwithstanding the fact that only
D.M.U. B is located in the efficient frontier, since it not only has a score of 1.000 but also

its rank equals 1.

Furthermore, it is also interesting to verify that D.M.U. J was the first in the ranking under
C.R.S., but when applying V.R.S., it drops to the second place. On the other hand, D.M.U
B is the second in ranking for C.R.S., but the first in V.R.S.

The most revenue efficient bank in Germany for this reference period is D.M.U. J (for

constant returns to scale) and D.M.U. B (for variable returns to scale).

When comparing these findings with the one-input and one-output (deposits-loans) and
with the two-input and two-output approach, we observe lower minimum, median and

average values.

Furthermore, and when a comparison between the deposits-loans and interest paid-
interest-received is addressed, the most efficient bank for the reference period is not the
same. So, it is reasonable to state that, for this specific sample, efficiency is variable-

sensitive.
5.1.2. Multi-year analysis (2013-2016)

5.1.2. a) Two-input and Two-output Model Application
The present section’s main line of argumentation is twofold: i) it first presents static

efficiency scores relative to 2016); ii) it subsequently extends this line of argumentation
by presenting dynamic efficiency scores in the context of more than just one single period.
The present Dissertation’s line of argumentation is thus made more robust with this

twofold approach.

Table 7 presents the output of D.E.A. estimation associated with the case of two inputs
(interest expense and deposits) and two outputs (interest income and loans conceived). It

is important to observe that constant returns to scale were used in this case'.

16 The variable returns to scale model for all the periods considered is available in the Appendix.
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Table 7 — Two-input and Two-output model for 2013-2016.

2013 2014 2015 2016 Average

DMU

rank 0 rank 0 rank 0 rank 0 rank
A 5 0.986 8 0.942 7 0.975 9 0.931 7
B 1 1.000 1 1.000 1 1.000 1 1.000 1
C 13 0.802 10 0.885 11 0.888 15  0.691 12
D 14 0.790 13 0.838 14 0.806 13 0.809 14
E 9 0.889 7 0.960 6 0.979 12 0.819 9
F 4 1.000 5 1.000 1 1.000 1 1.000 3
G 15 0.729 15 0.766 16 0.765 10  0.885 14
H 11 0.864 11 0.884 9 0.909 7 0.952 10
I 10 0.888 14 0.811 15 0.775 8 0.941 12
J 1 1.000 4 1.000 1 1.000 1 1.000 2
K 12 0.811 9 0.895 12 0.878 11 0.884 11
L 16 0.655 16 0.679 13 0.808 16  0.490 15
M 7 0.897 12 0.859 10 0.895 6 0.991 9
N 1 1.000 1 1.000 5 1.000 1 1.000 2
(0) 6 0.985 1 1.000 8 0.965 14 0.752 7
P 8 0.890 6 0.992 1 1.000 5 1.000 5
Min 0.655 0.679 0.765 0.490
Median 0.890 0.919 0.937 0.936
Average 0.887 0.907 0.915 0.884
Std. dev. 0.107 0.098 0.087 0.143

Source of underlying data: ORBIS® BankFocus.

The above-mentioned dynamic findings prompt the following conclusions. First, the
presented scores are typically high, with a minimum score associated with the 4-year
window being 0.490 (D.M.U. L for 2016). Second, it is interesting to observe the
persistency of ranking positions across the periods, especially for the first place, as bank
B is always a reference for all the remaining German banks in all periods (from 2013 to
2016). Third, bank L ranks last for all years, with the exception of 2015. A tentative

explanation for this fact will be detailed subsequently.

5.1.2. b) One-input (deposits) and One-output (loans)

Table 8 presents the One-input (deposits) and One-output (loans) model application for

the 2013 — 2016 extended period (dynamic framework).
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Table 8 — Deposits-loans model applying D.E.A for 2013-2016.

2013 2014 2015 2016 Average

DMU

rank 0 rank 0 rank 0 rank 0 rank
A 15 0.603 11 0.648 14 0.559 15 0.567 14
B 16 0.594 14 0.617 12 0.599 7 0.817 12
C 8 0.672 8 0.699 8 0.660 14 0.601 10
D 10 0.634 12 0.638 13 0.581 13 0.607 12
E 11 0.631 10 0.648 11 0.603 12 0.645 11
F 5 0.741 6 0.752 2 0.848 8 0.771 5
G 6 0.729 5 0.766 5 0.765 5 0.885 5
H 3 0.773 3 0.774 3 0.780 4 0.899 3
I 2 0.888 2 0.811 4 0.775 3 0.941 3
J 13 0.615 15 0.574 15 0.553 10  0.727 13
K 14 0.604 13 0.624 10 0.604 9 0.760 12
L 12 0.629 16 0.495 16 0.523 16 0379 15
M 4 0.773 4 0.771 6 0.699 2 0.973 4
N 1 1.000 1 1.000 1 1.000 1 1.000 1
(0] 7 0.684 7 0.717 7 0.681 11 0.673 8
P 9 0.671 9 0.689 9 0.640 6 0.824 8
Min 0.594 0.495 0.523 0.379
Median 0.671 0.694 0.650 0.766
Average 0.703 0.702 0.679 0.754
Std. dev. 0.113 0.116 0.127 0.169

Source of underlying data: ORBIS® BankFocus.

First, relative to the base case scenario, the model application pertaining to the one-input
(deposits received) and one-output (loans provided) scenario prompt a slightly different
set of conclusions from those associated with the base case scenario. For example,
D.M.U. B, the unit considered as the most efficient bank in the context of the two-inputs
and two-outputs model application, is no longer the most efficient in the context of the
one-input (deposits received) and one-output (loans provided) model application. Indeed,
in 2016, Unit B is the least efficient D.M.U., and only in 2013 is the said Unit in the first
half of the ranking. However, D.M.U. L, the worst performer in the base case scenario, is
still one of the worst performers, with an average ranking for 2013-2016 period of 15.
Second, the deposits-loans model application faces a restriction concerning banking
activity: regulation. Loans, considered here as the output, could not be maximized
indiscriminately, in light of the strong regulation on credit, especially in the post-global
financial crisis environment, where leverage has been under stricter control by regulatory

authorities (Goel, Lewrick, & Tarashev, 2017).
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5.1.2. ¢) One-input (interest expense) and One-output (interest income)

Table 9 — Interest expense — interest income D.E.A. approach for 2013-2016.

2013 2014 2015 2016 Average
DMU .
rank 0 rank 0 rank 0 rank 0 ranking

A 2 0.925 2 0.844 3 0.824 5 0.723 3
B 1 1.000 1 1.000 1 1.000 2 0.980 1
C 10  0.650 10 0.613 10 0.552 10 0.497 10
D 9 0.700 9 0.645 8 0.640 7 0.636 8
E 5 0.791 5 0.766 4 0.782 4 0.804 5
F 16 0.422 16  0.406 16  0.363 16 0.354 16
G 12 0.512 12 0.477 12 0.424 13 0.398 12
H 13 0.485 13 0.466 13 0.419 12 0.404 13
I 11 0.515 11 0.494 11 0.454 11 0.440 11
J 6 0.769 3 0.820 2 0.869 1 1.000 3
K 7 0.744 4 0.768 6 0.689 6 0.682 6
L 15 0455 14 0447 15 0.393 15  0.364 15
M 14 0.457 15 0.407 14 0.413 14 0.375 14
N 3 0.893 7 0.732 9 0.640 8 0.633 7
e} 4 0.858 6 0.760 7 0.663 9 0.507 7
P 8 0.728 8 0.727 5 0.732 3 0.806 6
Min 0.422 0.406 0.363 0.354

Median 0.714 0.686 0.640 0.570

Average 0.681 0.648 0.616 0.600

Std. dev. 0.188 0.181 0.194 0.217

Source of underlying data: ORBIS® BankFocus.

Table 9 applies the D.E.A. methodology using as input the interest expense, and as output
the interest income. The obtained findings are again slightly adjusted in relation to the
base case scenario. A remarkable finding is related to the fact that the minimum, median,
and average score values are smaller than what is observed for the deposits-loans model
application for all periods under analysis. Furthermore, a decrease in the minimum,
median and average scores over the periods under analysis is also observed!’, even though

these results are not directly comparable in terms of efficiency.

Where efficiency is concerned, D.M.U. B is the most efficient, with a ranking of 1 in
every year, with the exception of 2016. The worst efficiency performer is D.M.U. F,
which is in the last ranking position every year. D.M.U. L, the worst performer in the base
case, is the second worst performer under this analysis, with an average ranking of 15.

Recalling the base case scenario, and the case were the input is deposits and the output is

17 1t should be noted that this does not mean that the German banks under analysis are decreasing their
absolute efficiency. As mentioned before, there is no direct intertemporal interpretation of D.E.A. efficiency
scores.
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loans, it can be claimed that this D.M.U. is inefficient in all perspectives approached by
the present Dissertation, i.e., D.M.U. L is not only inefficient considering two inputs and
two outputs, but also inefficient when a single input-output analysis (deposits vs. loans
and interest paid vs. interest received) is conducted separately.

5.2. Malmquist Productivity Index Analysis

As mentioned before, efficiency scores between periods cannot be compared directly.
From an intertemporal perspective, a D.M.U. can only be deemed as either efficient or
not efficient, but the magnitude of an increase or decrease in terms of the relative
efficiency change cannot be inferred. The computation of the Malmquist TFP Index can
aptly circumvent this issue. On the other hand, the estimation of the Malmquist
Productivity Index Analysis might be viewed as a robustness check relative to the baseline

scenario previously presented (the Two-input and Two-output Model Application).

Table 10 below presents the Malmquist TFP Index components expressed as change

results for the period between 2013 and 2014.
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Table 10- Malmquist T.F.P. Index Components (2013-2014 period)

Pure Scale
T.F.P. Efficiency = Technology
D.M.U. efficiency efficiency
change change change

change change
A 1.018 1.047 0.973 1.000 1.047
B 0.942 1.000 0.942 1.000 1.000
C 0.967 0.906 1.067 0.976 0.928
D 0.990 0.943 1.051 1.042 0.904
E 0.934 0.926 1.009 0.958 0.967
F 1.164 1.000 1.164 1.000 1.000
G 0.990 0.952 1.040 1.000 0.952
H 1.032 0.977 1.056 0.996 0.981
I 1.138 1.094 1.040 1.000 1.094
J 0.963 1.000 0.963 1.000 1.000
K 0916 0.906 1.011 0.965 0.938
L 1.031 0.965 1.069 1.105 0.873
M 1.113 1.045 1.065 1.004 1.040
N 1.074 1.000 1.074 1.000 1.000
(0] 1.003 0.985 1.019 1.000 0.985
P 0.933 0.898 1.039 1.000 0.898
Mean 1.013 0.978 1.036 1.003 0.975
Std. dev 0.075 0.056 0.052 0.033 0.059
Minimum  0.916 0.898 0.942 0.958 0.873
Maximum 1.164 1.094 1.164 1.105 1.094

Source of underlying data: ORBIS® BankFocus.

Between 2013 and 2014 the bank with the highest efficiency increase is D.M.U. F. On
the other hand, the bank with the highest decrease in total factor productivity is D.M.U.
K. Note that D.E.A. efficiency scores for F were 1.000'8 for both 2013 and 2014, and its
ranking position decreased in that period. However, in absolute terms, the latter D.M.U.

increased its total factor productivity (T.F.P.).

Regarding D.M.U. K for the same period, this unit increased its efficiency in relative
terms (from ranking position 12 to 9), but, in absolute terms, the bank decreased it total

factor productivity, mainly due to scale effects.

18 Note that even though the efficiency score was 1.000, this D.M.U. is not in the efficiency frontier, since
its ranking position was different from 1. As mentioned before, this happens due to rounding.
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Table 11 below presents the Malmquist Index components change for the period between

2014 and 2015.

Table 11- Malmquist T.F.P. Index Components (2014-2015 period)

Pure Scale

D.M.U. TP Efficlency  Technology efficiency efficiency
change change change

change change
A 0.959 0.967 0.992 1.000 0.967
B 0.909 1.000 0.909 1.000 1.000
C 0.944 0.997 0.947 1.010 0.987
D 0.975 1.040 0.938 1.047 0.993
E 0913 0.980 0.931 1.001 0.980
F 0.962 1.000 0.962 1.000 1.000
G 0.966 1.000 0.966 1.000 1.000
H 0.994 0.973 1.022 1.000 0.973
I 1.002 1.046 0.958 1.016 1.030
J 0.840 1.000 0.840 1.000 1.000
K 0.964 1.020 0.945 1.018 1.002
L 0.791 0.840 0.941 0.856 0.982
M 0.961 0.959 1.002 0.994 0.965
N 0.987 1.000 0.987 1.000 1.000
0) 0.983 1.036 0.949 1.036 1.000
p 0.931 0.992 0.938 1.000 0.992
Mean 0.943 0.991 0.952 0.999 0.992
Std. dev 0.057 0.047 0.042 0.041 0.016
Minimum  0.791 0.840 0.840 0.856 0.965
Maximum  1.002 1.046 1.022 1.047 1.030

Source of underlying data: ORBIS® BankFocus.

For the period considered, only D.M.U. I has increased its total factor productivity
(T.E.P.). It is interesting to verify that, even though it was the only D.M.U. increasing its
productivity, not only did this unit decrease one position in the D.E.A. efficiency score,
but also possesses the second lowest D.E.A. score in the period under analysis (please
refer to Table 7). On the other hand, D.M.U. L has known the highest decrease in its total
factor productivity (T.F.P.), notwithstanding the fact that this unit increased its efficiency

in relative terms (Table 7).
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Finally, Table 12 below shows the Malmquist Index components change for the period

between 2015 and 2016.

Table 12- Malmquist T.F.P. Index Components (2015-2016 period)

T.F.P. Efficiency = Technology pure Seale
D.M.U. efficiency efficiency

change change change

change change

A 1.071 1.047 1.022 1.000 1.047
B 0.984 1.000 0.984 1.000 1.000
C 0.880 0.954 0.922 0.990 0.964
D 0.974 0.996 0.979 1.007 0.989
E 0.922 1.010 0913 0.991 1.019
F 1.119 1.000 1.119 1.000 1.000
G 0.991 1.025 0.967 1.000 1.025
H 1.052 1.025 1.026 1.010 1.015
I 0.976 1.019 0.957 0.993 1.026
J 0.826 1.000 0.826 1.000 1.000
K 0.967 1.024 0.945 1.011 1.013
L 0.855 0.930 0.919 0.923 1.007
M 1.106 1.077 1.027 1.078 0.999
N 0.971 1.000 0.971 1.000 1.000
0] 1.071 1.159 0.924 1.144 1.013
P 0.910 1.000 0.910 1.000 1.000
Mean 0.980 1.017 0.963 1.009 1.007
Std. dev 0.088 0.051 0.067 0.046 0.018
Minimum  0.826 0.930 0.826 0.923 0.964
Maximum 1.119 1.159 1.119 1.144 1.047

Source of underlying data: ORBIS® BankFocus.

When analysing the results, D.M.U. F presents the highest gain in efficiency due to
technology change, even though this D.M.U. had already been the most efficient in both
(2015 and 2016) periods considered.

D.M.U. J presents the highest decrease in total factor productivity due to technological
change, despite being in the first ranking position in 2015, and in the second position in

2016.
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Additionally, note that, on average, the total factor productivity decreases in these
periods, thrived by the technology change effect, despite the positive effects observed in

the other components of the Malmquist Total Factor Productivity Index.

In sum, the findings associated with German banks’ efficiency appear to be quite stable
during the period under analysis, providing some evidence on the operational stability in
these banks’ business models, at least where the indicators herein examined are
concerned. Additionally, the Malmquist Productivity Index application findings also
suggest that, frequently, the change in total factor productivity does not fully explain
changes in relative efficiency, notwithstanding its suitability as a measure to individually
compare the banks across time, allowing for a more personalized intertemporal bank

analysis.

Where the overall macroeconomic perspective is concerned, the stability of the findings
estimated throughout the present Dissertation, as measured through the relative efficiency
in the German banking industry, reflects some rigidity, typical of a traditional financial
sector, even though some institutions have a better performance when a revenue approach
is conducted; whilst others have a better performance under the asset approach. These
approaches highlight a high degree of services diversification within the representative

German bank sample herein analysed, for the period under consideration.
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6. Conclusion

The present Dissertation’s main goal is to critically review the relative efficiency
associated with the German banking industry between 2013 and 2016. Research on
efficiency is fundamental because economic agents aim to produce more with a certain

level of inputs or, similarly, have the same amount of output with less inputs.

In order to answer the present Dissertation’s underlying empirical research question, this
document employs a non-parametric approach known in the literature as Data
Envelopment Analysis (D.E.A.), duly applied to a sample encompassing sixteen major

German banks, using banking data drawn from ORBIS® BankFocus.

The present Dissertation’s research design focuses on an output-oriented approach,
reflecting the fact that the efficiency definition is tied to the level of output maximization
for a given level of input. Furthermore, the banks” intermediary approach was also
assumed, in order to proceed with the input and output determination, thus meaning that
the main function of a given bank is to collect deposits, transform them into loans (assets),
and profit from the margin between income expense and income. In view of this
assumption, the inputs considered were deposits and interest expense, while the outputs
considered were loans and interest income. A D.E.A. critical analysis is thus estimated
for 2016, considering two different scenarios: constant returns to scale and variable
returns to scale of the units under scrutiny (the D.M.U.’s). Various model applications

are therefore estimated under a static perspective (i.e., for a specific year).

Subsequently, as a robustness check, a verification of the evolution of the efficiency along
time is also conducted, through an application involving D.E.A. applications for all
periods between 2013 and 2016, notwithstanding the fact that this analysis only allowed
us to verify whether a D.M.U. is efficient (or not) in the periods considered (a potential
limitation of the present Dissertation). Finally, in order to better understand the changes
in efficiency over time, a complementary investigation was made, using the Malmquist

Index. The estimation of this index significantly robustifies our baseline findings.

The main results thus state that, on average, the variable returns to scale approach returns
higher score values than the constant returns to scale approach. Therefore, the present
Dissertation’s main findings do suggest that the overall results associated with the
measurement of D.M.U.’s (German banks’) efficiency are quite stable across the different

model applications, notwithstanding some minor expected differences according to the
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inputs/outputs chosen. This stability also suggests that some banks are more revenue-
oriented, while others are more asset-oriented. However, there is a specific German
savings bank, DekaBank, which is consistently the least efficient unit under all

perspectives pursued within this Dissertation.

Where the Two-input and Two-output model application is concerned, a ranking
persistency in all periods is observed, again emphasizing some degree of stability
associated with the findings related to the comparative efficiency of German banks for

the periods under consideration.

Where the One-input and One-output model for interest expense and interest income is
concerned, the findings suggest that efficiency scores decreased from 2013 until 2016.

Under this specific setting, the worst performer is Landesbank Baden-Wuerttemberg.

Lastly, an overall interesting finding associated with the estimation of the Malmquist
Productivity analysis states that increasing banks’ efficiency does not necessarily lead to
a corresponding ranking or score increase associated with banks’ position in the overall
ranking: in fact, the opposite might also happen, suggesting that higher relative efficiency
does not mean a higher increase in absolute efficiency. Furthermore, the Malmquist
Productivity Index breaks down efficiency metrics into specific sub-determinants, thus
facilitating the detection of the corresponding sources of inefficiency: for instance, from
2015 to 2016, the total factor productivity decreases, essentially due to a decrease in the

technological efficient component, whereas the other component presents improvements.

Overall, the D.E.A. model’s ability to identify inefficiency constitutes a major advantage
in terms of its applicability to the field of bank efficiency measurement, most specially in
the context of the present Dissertation’s underlying research question: from the slack
analysis to the Malmquist Productivity Index and corresponding intertemporal analysis,
the sources of inefficiency can be accurately identified, as well as, ideally, improved
upon, thus generating bank efficiency gains in our sample comprising German banking

institutions, notwithstanding the model’s limitation regarding the input/output selection.

Further research on this topic should contemplate the optimisation associated with the
process of variable selection, while also maintaining the basic characteristics associated

with the application of the D.E.A and Malmquist Productivity Index approach.
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The study of bank efficiency constitutes a challenging research task, but it promotes a
proficient way to better understand and use the scarce banking resources available, while

also producing more and increasing economic utility for society as a whole.
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Appendix

1. Slack Analysis

The table below presents the slack results for 2016 for the Two-input and Two-output

model application, considering the variable returns to scale approach.

DM Output slack Input slack
v Interest income Loans Interest expense  Deposits

A . 0 . .

B 0 . . 0

C . 2

D . 0 . .

E 36,348 . . 10,100,000
F 0 0 .

G 884,038 1

H 0 . .

I . 0 0

J . 0 . 0

K 77,801 . . 3

L 1,791,621 . 1,934,678
M 0 0

N . 0 0

(0] 150,213

P 0

Source of underlying data: ORBIS® BankFocus

2. Multi-year analysis

Below there are the tables with the output of multi-year analysis for each Model,

considering the variable returns to scale approach.
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2. a) Two-input and Two-output Model Application

2013 2014 2015 2016

bMU rank 0 rank 0 rank 0 rank 0

A 1 1.000 8 1.000 1 1.000 1 1.000
B 1 1.000 1 1.000 1 1.000 1 1.000
C 12 0.976 1 1.000 9 0.990 15  0.712
D 11 0.989 13 0.949 14 0.906 12 0.864
E 13 0.939 12 0.981 11 0.980 13 0.843
F 6 1.000 10 1.000 1 1.000 1 1.000
G 9 1.000 1 1.000 1 1.000 10 1.000
H 10 0.996 1 1.000 1 1.000 1 1.000
I 5 1.000 1 1.000 10 0.984 1 1.000
J 1 1.000 9 1.000 1 1.000 1 1.000
K 15 0.873 15 0.904 15 0.888 11 0.888
L 16 0.765 16 0.692 16 0.809 16  0.506
M 14 0.923 14 0.919 13 0.925 1 1.000
N 1 1.000 1.000 8 1.000 1 1.000
0 7  1.000 1.000 12 0.965 14 0.753
P 8 1.000 11 1.000 1 1.000 1 1.000

Source of underlying data: ORBIS® BankFocus

2. b) One-input (deposits) and One-output (loans) Model Application

2013 2014 2015 2016

bMU rank 0 rank 0 rank 0 rank 0

A 1 1.000 1 1.000 6 0.921 15 0.691
B 1 1.000 1 1.000 1 1.000 1 1.000
C 9 0.951 8 0958 5  0.928 13 0.708
D 6 0.989 9 0.939 9 0.888 12 0.720
E 10  0.852 11 0.847 10  0.800 11 0.735
F 7 0.981 7  0.973 1 1.000 7  0.849
G 5 0.999 1 1.000 4 0980 5  0.992
H 8 0.967 6 0.981 7 0.920 6 0975
I 1 1.000 1 1.000 8 0.905 1 1.000
J 13 0.759 14 0.729 14 0.684 10 0.813
K 12 0.786 12 0.801 13 0.747 8 0.840
L 15 0.693 16  0.587 16  0.591 16 0.388
M 11 0.847 10  0.906 11 0.782 1 1.000
N 1 1.000 1 1.000 1 1.000 1 1.000
(0] 14 0.724 13 0.799 12 0.750 14 0.696
P 16  0.680 15 0.708 15 0.665 9 0.836

Source of underlying data: ORBIS® BankFocus
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2. ¢) One-input (interest expense) and One-output (interest income) Model

Application
DM 2013 2014 2015 2016
v rank 0 rank 0 rank 0 rank 0

A 5 0.926 5 0.853 4 0.948 4 0996
B 1 1.000 1 1.000 1 1.000 1 1.000
C 11 0.660 10 0.627 10 0.563 10 0.506
D 10 0.703 9 0.650 9 0.645 7 0.648
E 7 0.814 8 0.807 5 0.825 5 0.812
F 9 0.751 11 0.595 11 0.491 11 0477
G 13 0.517 14 0.484 14 0.429 14 0.405
H 14 0.487 15 0.469 16 0421 13 0411
| 12 0.526 12 0.510 12 0.466 12 0.447
J 6 0.821 4 0.919 3 0.970 2 1.000
K 8 0.767 7 0.813 8 0.725 6 0.689
L 15  0.479 13 0.503 13 0.453 16 0.372
M 16  0.462 16 0415 15 0422 15 0.381
N 2 1.000 6 0.852 7 0.733 8 0.643
0] 3 1.000 3 0.921 6 0.767 9 0.509
P 4 1.000 2 1.000 2 1.000 3 1.000

45

Source of underlying data: ORBIS® BankFocus



