Birkbeck

UNIVERSITY OF LONDON

BIROn - Birkbeck Institutional Research Online

Mamatzakis, Emmanuel and Tsionas, M. and Kutlu, L. (2022) A
principal—agent approach for estimating firm efficiency: Revealing bank
managerial behavior. Journal of International Financial Markets, Institutions
and Money 79 (101576), ISSN 1042-4431.

Downloaded from: https://eprints.bbk.ac.uk/id/eprint/48407/

Usage Guidelines:
Please refer to usage guidelines at https://eprints.bbk.ac.uk/policies.html or alternatively

contact lib-eprints@bbk.ac.uk.



https://eprints.bbk.ac.uk/id/eprint/48407/
https://eprints.bbk.ac.uk/policies.html
mailto:lib-eprints@bbk.ac.uk

Title Page (with Author Details)

A Principal-Agent Approach for Estimating Firm Efficiency: Revealing Bank
Managerial Behavior

Levent Kutlu?” Emmanuel Mamatzakis? Mike G. Tsionas?
Abstract

We consider agency-theory-based structural and reduced form models of bank
performance. In the structural models, we consider the managerial decision-making
processes, and reveal underlying managerial efforts and thereby managerial behavior. In
an empirical application, we estimate performance of Eurozone banks using our novel
structural and reduced form approaches by Markov Chain Monte Carlo techniques. Our
findings show, for the first time, that bank underperformance persists in the Eurozone
whereas considerable variability across Member States exists. Our agency-theory-based
structural modelling would favor cooperation of all interested parties and towards higher
financial integration.

Keywords: Banking; Competition; Bayesian estimation; Governance; Moral Hazard;
Sources of efficiency

Declaration of Interest: None

! Corresponding Author: Department of Economics and Finance, University of Texas Rio
Grande Valley, TX 78539, USA; levent.kutlu@utrgv.edu

2 Birkbeck College, University of London, Malet Street, Bloomsbury, London WC1E 7HX,
UK. e.mamatzakis@bbk.ac.uk

3Montpellier Business School, 2300 Avenue des Moulins, 34080 Montpellier, France.
Lancaster University Management School, LA1 4YX, U.K., m.tsionas@lancaster.ac.uk



mailto:levent.kutlu@utrgv.edu
mailto:e.mamatzakis@bbk.ac.uk
mailto:m.tsionas@lancaster.ac.uk

Manuscript (without Author Details) Click here to view linked References =

A Principal-Agent Approach for Estimating Firm

Efficiency: Revealing Bank Managerial Behavior

Abstract

We consider agency-theory-based structural and reduced form models of
bank performance. In the structural models, we take into account the man-
agerial decision-making processes, and reveal underlying managerial efforts
and thereby managerial behavior. In an empirical application, we estimate
performance of Eurozone banks using our novel structural and reduced form
approaches by Markov Chain Monte Carlo techniques. Our findings show,
for the first time, that bank underperformance persists in the Eurozone
whereas considerable variability across Member States exists. Our agency-
theory-based structural modelling would favor cooperation of all interested

parties and towards higher financial integration.
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1 Introduction

Corporate governance is concerned with the mechanisms by which the stakehold-
ers of a firm exercise control over the management.! The managers (including
corporate insiders) control the key decisions of the firm. However, the objec-
tives of managers may not align with the objectives of the stakeholders, which
leads to a principal agent problem.? The stakeholders in corporations would like
to keep managers responsive to their objectives. One potential way to achieve
this objective is having independent directors. Maug (1997) examines the role
of independent directors from an optimal contracting perspective. He finds that
unless the information is too costly, directors are the optimal institutions to check
managerial discretion. Among others, an alternative mechanism that can affect
the interplay between stakeholders and management is the competitiveness of the
relevant market. In this study, we aim to understand how competition and man-
agerial behavior would affect the success of stakeholders in terms of keeping the
objectives of managers aligned with those of the stakeholders. We may proxy the
extent of alignment through the (cost) efficiency of firm. In line with this, one of
the important interests of corporate finance literature is examining the interplay
between firm performance and governance.

The firm performance can be measured in a variety of ways. In the corporate
finance literature, financial ratios such as return on equity and return on assets
have been used dominantly (e.g., McConnell and Servaes, 1990; Thomsen and

Pedersen, 2000; Demsetz and Villalonga, 2001; Claessens et al., 2002; Tian and

'We will use firm and corporation interchangeably.
2See John and Senbet (1998) for a study that surveys the empirical and theoretical literature
on corporate governance mechanisms and related agency problems.



Estrin, 2008). However, financial ratios can be manipulated for tax or other pur-
poses (Schulze et al., 2001; Durand and Vargas, 2003; Frydman and Jenter, 2010).
Alternatively, firm performance may be measured by benchmarking methods that
measure the performance of a firm via the radial distance from the frontier (e.g.,
cost frontier, profit frontier, production frontier.). The DEA and stochastic fron-
tier analysis (SFA) are two popular approaches that are used for estimating firm
efficiency. However, both DEA and SFA are reduced form approaches. In contrast
to these reduced form approaches, we present a novel behavioral approach, which
considers both competition aspects and the conflict of interest between stakehold-
ers and managers. In particular, we consider a principal-agent framework, which
we use for estimating efficiencies of firms. Moreover, in this context, we examine
the theoretical relationship between firm efficiency and number of firms, which is
used as a proxy for extent of competition. Hence, the relationship between firm
competition and efficiency is one of the interests of our study.

The relationship between firm characteristics, governance, and efficiency are
examined by many studies including: Kutlu and McCarthy (2016) (state-owned
vs private-owned and efficiency); Bottasso and Sembenelli (2004), and Hanousek
et al. (2012) (foreign ownership and efficiency); Margaritis and Psillaki (2007)
and Weill (2008) (capital structure and efficiency); Almanidis et al. (2019) (firm
size and efficiency); Baek and Pagan (2002) and Kutlu and Nair-Reichert (2020)
(executive pay and efficiency); Koetter et al. (2012)(competition and efficiency).

In this study, we aim to identify the key managerial behavior that is related to
firm inefficiency via game theoretical models and propose novel estimation method-

ologies. For this purpose, we provide two agency-theory-based structural models



(see Berr, 2011), which differ by timing of choice variables.? In the first model, the
managers play a two-stage game in which the managers first choose inefficiency (or
lack of managerial effort) levels and, in the second stage, they compete on quan-
tity. In the second model, the managers play a simultaneous game in which the
managers choose inefficiency and quantity simultaneously. Although a manager
cares about the profit of firm, she also cares about her effort level. Hence, the
objective of the manager is not fully aligned (see Francis et al., 2015) with profit
maximization. This leads to a deviation from the optimal profit level. These
models illustrate that the equilibrium inefficiencies of firms depend on the number
of competing firms, the managers’ utility function from lack of effort, the terms
of contract, and the “average inefficiency.” Also, we illustrate that the standard
non-structural stochastic frontier models suffer from a serious misspecification is-
sue as these models ignore the structural equations that describe the managerial
behavior and market competition. This misspecification issue can be recast as an
endogeneity problem that results from an omitted variable in the cost function.
Therefore, conventional studies that examine the interplay between firm efficiency
and governance of a firm, may give seriously flawed results.

We decompose the firm inefficiency into two parts: structural and non-structural.*

3See Ceccini et al. (2013) and Assaf et al. (2019) for studies that develop methods for solving
principal-agent problems.

4See Gathon and Pestieau (1995) for a decomposition of productive efficiency into a man-
agement and a regulatory component. See Muiiiz (2002) for a paper on separating managerial
inefficiency and external conditions. Finally, see Berger and DeYoung (1997) and Williams (2004)
for studies that examine causal relationships between problematic loans, cost efficiency, and bank
capital. They consider 4 hypothesis: 1) Bad luck, 2) Bad management, 3) Skimming, 4) Moral
hazard. Under bad luck hypothesis, external events precipitate an increase in problem loans for
the bank. They expect increases in nonperforming loans to Granger-cause decreases in mea-
sured cost efficiency. In our paper, we interpret bad luck as anything that is uncontrollable by
managers that causes reduction in cost efficiency. We measure this by what we call unstructural
inefficiency. While their moral hazard hypothesis relates to excessive risk-taking behavior when
another party is bearing part of the risk and cannot easily prevent risk-taking; our principal agent



The structural component is the part of the inefficiency that is occurring by the
conscious will of the bank manager. The non-structural inefficiency, however, is the
inefficiency that occurs, supposedly, due to unplanned factors such as mistakes by
the bank managers and other units in the firm or environmental factors. Basically,
the non-structural inefficiency is the part of inefficiency that is not explained by
our structural model. This decomposition allows us to have some idea about the
extent to which we have control over inefficiency. For example, it would be easier
to control the structural inefficiency by improving contracts and choosing the right
managers but for the non-structural inefficiency these tools may not be as effec-
tive. In the literature there are studies that proposed a variety of decompositions
to efficiency. For instance, Gathon and Pestieau (1995) decompose productive ef-
ficiency into a management and a regulatory component; Muniz (2002) separate
managerial inefficiency and external conditions; and Berger and DeYoung (1997)
and Williams (2004) examine causal relationships between problematic loans, cost
efficiency, and bank capital. Berger and DeYoung (1997) and Williams (2004) con-
sider four hypothesis: 1) Bad luck, 2) Bad management, 3) Skimming, 4) Moral
hazard. Under bad luck hypothesis, external events precipitate an increase in
problem loans for the bank. They expect increases in nonperforming loans to
Granger-cause decreases in measured cost efficiency. In our paper, we interpret
bad luck as anything that is uncontrollable by managers that leads to reduction in
cost efficiency. We measure this by what we call non-structural inefficiency. While

their moral hazard hypothesis relates to excessive risk-taking behavior when an-

problem relates to cost minimization effort of manager based on exogenously given contract. We
control risk using two types of control variables in our model, i.e., z-score and ratio of equity to
assets.



other party is bearing part of the risk and cannot easily prevent risk-taking; our
principal agent problem relates to cost minimization effort of the manager based
on exogenously given contract. We control risk using two types of control variables
in our model, i.e., z-score and ratio of equity to assets.

Among others, empirical work on the firm efficiency has favored the banking
sector (see Lozano-Vivas, 1997; Paradi et al., 2012; Galan et al., 2015; Dong et al.,
2016; Delis et al., 2017)° since the success of banks takes a central role in overall
health of the economy; and thus understanding the determinants of bank efficiency
is essential. We apply our structural and reduced form approaches to the Eurozone
banks for the time period between 2002 and 2015. The banking industry of the
Eurozone is of interest in particular due to the persistence of banking imbalances
well after the financial crisis in 2008, and despite the common currency zone.
Joyce et al. (2012) highlight these banking imbalances in the Eurozone, by going
as far as suggesting the situation with banking imbalances has been rather severe
in the case of the Eurozone that could resemble kind of a bank run as deposits
from the periphery have been directed to the core of the Furozone. Sinn and
Wollmershauser (2011) discuss also this and argue that there might exist ‘target
system imbalances’ that could impair bank performance, mainly in the periphery
of the Eurozone. In the empirical section, we focus on this prior evidence and
consider the periphery of the Eurozone vs the core of the Eurozone. This exercise
would allow us to identify any shifts in structural vs non-structural inefficiency
across Member States in the Eurozone and could reveal any asymmetries between
the core and the periphery.

Our novel stochastic frontier approaches call for certain Markov Chain Monte

5See Tsionas (2007) for a paper on microfoundations of stochastic frontier analysis.



Carlo (MCMC) techniques to implement Bayesian inference. The reduced form
model assumes that inefficiency of a bank may be affected by the average of other
banks’ inefficiencies in the same market. The Bayes factor comparison of these
models favors the two-stage structural model. Hence, in our banking context, the
managers seem to have a two-stage decision scheme where first they determine
the inefficiency and then the quantity. It appears that, the managers plan their
inefficiency levels ahead even before competing in the market. Our results show
that, the inefficiency that is planned by the managers (i.e., structural inefficiency)
is less than the unplanned inefficiency. More interestingly, while non-structural in-
efficiencies are somewhat similar, both structural and non-structural inefficiencies
are higher for the periphery of Eurozone than the core of the Eurozone.®

In what follows, the next section presents our theoretical model, whilst section

3 presents the data and reports the empirical application. Lastly, section 4 offers

concluding remarks.

2 Model and Theoretical Results

Stochastic frontier models assume a composed error term. The first component
is the usual two-sided error term and the second component is a one-sided error
term, which aims to capture inefficiency.” Although fully efficient production is

the standard in neoclassical economics, in practice, we find that most firms are

6For 2008 — 2015 the non-structural inefficiency is slightly higher for the core countries. How-
ever, overall, non-structural inefficiency is higher for periphery countries.

TA variety of distributions is proposed for the one-sided error component. For example,
Aigner et al. (1977) use the half normal; Meeusen and van den Broeck (1977) use the expo-
nential; Stevenson(1980) use the truncated normal; Greene (1980a, 1980b, 2003) use the gamma
distributions.



8 To the extent that increasing efficiency involves costs,

away from the frontier.
utilization of real resources as well as managerial skill, it is natural to think that
in order to motivate efficiency, we need a formal model of the firm. Specifically,
we need an agency model that accounts for the fact that managerial effort has to
be motivated and remunerated. Simply assuming all these factors away to arrive
at a stochastic frontier model with two error components is not enough if we need
a solid micro-foundation for efficiency.

Structural stochastic frontier models are not common in the literature. The
closest study to ours seems to be that of Gagnepain and Ivaldi (2002), which
estimates a structural model of efficiency when the firms are regulated. Similar
to our study, they consider a model that is based on the agency theory. One
of the key differences of our model is that we incorporate competition to our
agency problem. Hence, we consider the game theoretic interactions of the firms
which affect the inefficiency. The connection between the extent of competition
and inefficiency has been acknowledged by strands of studies (e.g., Hicks, 1935;
Berger and Hannan, 1998; Maudos and de Guevara, 2007; Delis and Tsionas, 2009;
Koetter et al., 2012; Kutlu and Sickles, 2012; Tsionas et al., 2018). A structural
stochastic model that is ignoring this relationship appears to be missing a vital
determinant of inefficiency. Hence, among other contributions, our study fills
this gap. Kutlu and Wang (2018a) propose another structural stochastic frontier

9

model that estimates inefficiency in a conduct parameter game.” Hence, their

8While inefficient productive units are frequently observed, there are occasions where many
firms may be fully efficient. For example, Green and Mayes (1991) report that over 30% of
samples of UK and Australian industries had the “wrong” skewness, which may suggest full
efficiency for these samples.

9See Corts (1999) and Kutlu and Sickles (2012) for more details about conduct parameter (or
conjectural variations) game. See also Kutlu and Wang (2018b) for an application of Kutlu and
Wang (2018a).



model incorporates competition when estimating inefficiency. However, they only
estimate what we call non-structural inefficiency although their model is structural.
That is, they model how the firms compete in the market but keep inefficiency
term as a one-sided random variable, which ignores the structural agency problem.
Martin (1993) considers a theoretical model of principal-agent problem where the
firms compete in a Cournot setting.!® He examines the relationship between the
number of firms and efficiency. In order to derive general theoretical results, this
study assumes a linear demand function and a particular functional form for the
cost function, which restricts the applicability of this model in general empirical
settings.

The purpose of this section is presenting our models and results, which would
help understanding the sources of firm inefficiency as well as proposing ways to
estimate inefficiency. We examine this issue by presenting two game theoretic
models where the managers choose their effort levels in an oligopoly setting. In our
framework, the inefficiency is realized because the objectives of the shareholders
(i.e., profit maximization) and manager (i.e., utility maximization) are not fully

aligned. We assume that the shareholders of firm i care about the profit:

mi(q, 1) = P(Q(r)) g (r) — CF (¢, 7i) , (1)

where ¢; is the output quantity for firm i, Q = ), ¢; is the total quantity, r; > 1 is
a variable that represents the lack of effort by manager i, r = (r,79,...,7,), q =
(q1.q2, ..., ¢n)’, and P (Q (r)) is the inverse demand function so that P’ (Q (r)) < 0.

In line with the stochastic frontier literature, we assume that the total cost function

0For a related study see also Krishna (2001).



is separable so that C} (¢;,r;) = C; (¢;) ri, where ¢; = 1/r; € [0, 1] is defined as the

efficiency. The utility function for manager i is given by:!!

Ui (q,r) = a;m; (q,r) + V; (r;) + A, (2)

where V; (r;) > 0 is a function that represents the utility of manager from lack of
effort; a; € (0,1) is a constant that represents the portion of the income of manager
that depends on the profit; and 4; is the fixed salary. Among others V; may be
determined by the manager’s age, proximity to retirement, education background,
talent, and managerial power as well as cultural factors. For example, Kauko
(2009) finds that manager’s age and education have strong effects on efficiency.

After normalization, without loss of generality, the utility function becomes:!'?

1 general, the utility of the manager may be a non-linear function of 7;, V;, and A;. In order
to simplify analysis, we assume a quasi-linear form, which is commonly used in the principal-agent
literature. Omne important property of quasi-linear utility form is that Marshallian/Walrasian
demand for lack of effort does not depend on wealth.

12We assume that V/ (r;) > 0 and V/" (r;) < 0. Hence, the (normalized) utility from lack
of effort is an increasing function. The second order condition implies that increase in lack of
effort provides less additional satisfaction to the manager. In practice, V;, and thus equilibrium
inefficiency, depends on observed or unobserved characteristics of the managers and the terms
of contract, i.e., a; and A;. Technically V' (r;) < 0 assumption resembles to the monotonic-
ity assumptions of OP-LP models, which enable the invertibility of a relevant function. The
monotonicity assumptions of OP-LP may not be applicable in markets with some market power.
For example, LP assumes perfect competition to assure monotonicity. In contrast to models of
OP-LP, our model allows and works when the firms have market power. Since the presence of
market power is not rare, we believe that it is essential to have a structural model that allows for
market power. In our case, the monotonicity assumption, V;” (r;) < 0, is a standard concavity
assumption for utility functions.

10



Ui(q,r) = (q,r) + Vi(r:). (3)

We consider two scenarios. The first scenario models r; via a two-stage game
where in the first stage the managers decide about their effort levels. In the second
stage, conditional on their predetermined effort levels, they play a quantity choice
game where the payoff functions are the utilities of managers. This scenario may be
reasonable when the salaries of the managers are determined around the beginning
of a fiscal year. Based on the salary and bonuses, the managers may choose their
effort levels for the upcoming year. Moreover, whenever possible, personal travel
and vacation plans may be made well ahead of fiscal year, which affect the work
performance.'* In the second scenario, the managers decide about their effort

levels and quantities simultaneously.

13The relationship between competition and efficiency has been analyzed by a plethora of pa-
pers (e.g., Hicks, 1935; Berger and Hannan, 1998; Maudos and de Guevara, 2007; Delis and
Tsionas, 2009; Koetter et al., 2012; Kutlu and Sickles, 2012; Andries and Capraru, 2014; and
Tsionas et al., 2018). Some of these studies use reduced form analysis and others use the conduct
parameter approach. We extend the literature and we propose a new approach whereby the rela-
tionship between competition and efficiency is examined through a novel principal agent model.
Unlike our model, most principal agent studies do not incorporate agent based competition.
Hence, our theoretical model combines competition, principal agent problem, and efficiency. The
main focus of our proposed modelling approach is to decompose and estimate structural and
nonstructural efficiency for the first time to the best of our knowledge. The importance of such
a decomposition is that we offer an understanding to what extent efficiency can be controlled
through policies that affect competition or managerial compensation. For example, suboptimal
managerial payment schedules may cause structural inefficiency and we believe that understand-
ing the magnitude of such inefficiency relative to nonstructural inefficiency is a relevant question.

14 An alternative two-stage game, which we do not consider, may be where in the first stage
the managers decide about their effort levels and, in the second stage, they decide about their
effort levels.

11



2.1 The Structural Games

We start with the two-stage game where the managers decide about their efficiency
and quantity choices sequentially. Following the standard approach, we solve the
equilibrium of the game backwards. First, we examine the solution of second stage

conditional on r. In the second stage, the optimization problem of manager i is:

max U; (q,r) . (4)

qi

Given r, the optimization problem of the managers for the second stage is given

by:
aUz (qa I‘)

o P (Q(r))g(r)+P(Q(r)) —Ci(g)ri=0. (5)

It turns out that the equilibrium profit of firm ¢ depends not only on the lack
of effort by manager ¢ but also the average lack of effort by other managers, 7.
In particular, 7 — r; measures the extent to which firm ¢ is farther away from the
“mean firm.” As the other firms get better relative to firm i (i.e., 7 decreases),
the profit of firm ¢ gets lower. In turn, manager i’s equilibrium decision for her
lack of effort, r;, critically depends on other managers’ behavior. In the empirical
section, we utilize this observation when we estimate a reduced form model as an
alternative to the structural games that we present.

The equilibrium value for firm i, g; (r), critically depends on inefficiency levels of
other managers. This is in line with the standard prediction of Cournot models that
the firms with lower marginal costs produce more. We find that the difference from
average market quantity is positively related with the difference between marginal

cost of the average firm and marginal cost of firm i; and negatively related with

12



the (absolute value of) slope of the inverse demand function.!® Hence, when the
inverse demand function is very steep, most of the efficiency advantage is due to
only higher price-marginal cost markup. However, if the inverse demand function
is relatively flat, the firm not only benefits from price-marginal cost markup but
also selling more relative to others.

We also find that ¢; and () decrease as the lack of effort, r;, increases. In most
cases, as the other managers get more inefficient, g; increases.'6

Although, higher inefficiency increases the utility of manager from lack of ef-
fort, the profit of firm decreases by higher inefficiency levels. Hence, the optimal
inefficiency level of a manager is determined by these conflicting effects.!”

Now, we consider the optimization problem of managers in the first stage where
they choose the optimal level for lack of effort:

max U; (¢ (r),r). (6)

Ti

Under the constant marginal cost assumption, (i.e., C; (¢;) = cg;) the first order

conditions for the first stage become:

2n 40 (r) (2 — s; (r))
=ai(r)c n+1+0(r)

An alternative model would have been a simultaneous game in which the man-

agers make their decisions about efficiency and quantity simultaneously. The corre-

15For mathematical formulation of these results, see Proposition 1 in Appendix A.
16For mathematical formulation of these results, see Proposition 2 in Appendix A.
ITFor mathematical formulation of these results, see Proposition 3 in Appendix A.

13



sponding econometric supply equations for the simultaneous setting can be written

as follows:!8

Pi=—Plg+CV/'(Ci) + v (8)

InC; =InC; +InV/™H(Cy) + u; + v,

where vy; and vy; are the two-sided error terms, u; > 0 is a one-sided error term
that aims to capture non-structural inefficiency, and In7; = In V/™* (C;) > 0 is the
key component of our model that is representing the structural inefficiency.'® Note
that the theoretical model doesn’t have the error terms vy;, vo;, and u;. Here vy;
and vy; are the usual error terms in econometric models; and u; captures the unob-
served non-structural inefficiency that is not captured by the structural inefficiency
term. These expressions can be simultaneously estimated with the demand equa-
tion. Since In V/~! (C;) is a function of C;, the conventional stochastic cost frontier
models will be misspecified as they assume In V/™* (C;) = 0. Hence, conventional
corporate finance studies that aim to understand the relationship between gover-
nance and firm efficiency, may give misleading results due to such misspecification
as such models do not properly incorporate game theoretical interactions between
managers. We turn to this issue in our empirical application.

While the structural inefficiency is fully determined by the manager given the

contract, it is possible that the contract may be suboptimal. Our structural in-

18The first order conditions for the simultaneous setting are given in Appendix A.

19A common choice for the distribution for u; would be the half-normal or truncated normal
distributions. Another choice would be using the distribution free approach of Cornwell et al.
(1990). Moreover, note that in our model we assume that the structural and nonstructural com-
ponents of inefficiency enter the model additively. Other modeling choices such as multiplicative
decomposition would be possible but since the model is already given in logarithm form, we
prefer an additive decomposition.

14



efficiency term, In V/ ~1(Cy), captures the inefficiency conditional on the observed
contract. Hence, it is possible to affect the structural efficiency by improving the
existing contracts. Somewhat similarly, in their agency based structural model,
Gagnepain and Ivaldi (2002) do not assume that actual regulatory mechanisms
are optimal. So, they take their characteristics as given for estimating the model

parameters, which implicitly assumes that the choice of regulation is exogenous.

3 Empirical Example: Eurozone Banking Indus-

try

A large part of efficiency literature is focusing on the European banking systems
(e.g. Allen and Rai, 1996; Altunbas et al., 2001; Lozano-Vivas et al., 2002; Maudos
et al., 2002; Brissimis et al., 2010; and Mamatzakis et al., 2015).2°2! We examine
the Eurozone bank inefficiencies using our structural and reduced form approaches.
As described earlier, our structural models build upon the agency theory where
the managers endogenously choose their effort levels based on their heterogeneous
utilities, which may depend on their ability levels. Sherman and Gold (1985), one
of the first applications of data envelopment analysis (DEA) to banking, use DEA
on 14 branches of one bank and report that “four of the inefficient branches were
believed to be run by weak managers.” They also find that smaller branches tended

to be less efficient, which is in line with the view that the management is likely

20See Bikker, J.A. and Bos, J.W. (2008) for a good coverage of theoretical and empirical
analysis of bank efliciency.

21 Another popular country for banking studies is the US. See, for example, Delis et al. (2017)
and Glass, A.J. and Kenjegalieva, K. (2019) for recent papers that study the US bank efficiency.

15



to assign less experienced managers to the small branches. Hence, while they find
a connection between managerial quality and inefficiency, their method is non-

structural and they do not differentiate non-structural and structural inefficiency.

3.1 Data

The data set includes commercial, cooperative, savings, investment, and real-estate
banks in Eurozone countries that are listed in the IBCA-Bankscope database over
the period 2002 — 2015. After reviewing the data for reporting errors and other
inconsistencies, we obtain an unbalanced panel dataset that consists of banks
in 14 countries of the Eurozone. All bank-specific variables are obtained from
Bankscope, at annual frequency, and in thousand USD. There are 23,917 obser-
vations of 3,229 banks.

The periphery of the Eurozone includes 6 countries, namely Cyprus, Greece,
Ireland, Italy, Portugal, and Spain. The main common characteristic of all the
periphery is that it has received financial assistance from the EU and the IMF
due to the aftermath of the financial crisis that led into a banking crisis and to a
public debt crisis, due to the capitalization that followed. The remaining Eurozone
countries would form the core group, namely Austria, Belgium, Finland, France,
Germany, Luxembourg, Malta, and the Netherlands. For consistency in the un-
derlying data generating process and due to limitations in number of observations,
we exclude Estonia, Latvia, Lithuania, Slovenia, and Slovakia from the sample as
these Member States joined the single currency later than 2007.

For the definition of bank inputs and outputs, we follow the vast majority of the

16



literature and employ the financial intermediation approach?? proposed by Sealey
and Lindley (1977), which assumes that the bank collects funds and using labor
and physical capital transforms them into loans and other earning assets. In order
to address issues related to outliers in the underlying data generating process, our
sample includes banks that report positive equity capital. In addition, we carefully
review the data for reporting errors and other inconsistencies. In some detail, we
exclude banks for which bank inputs and outputs are outside the +3 standard
deviation interval.

In particular, we specify three inputs: capital, labor, and deposits; and two
outputs: loans and other earning assets (which include government securities,
bonds, equity investments, CDs, T-bills, and equity investment). The price of
labor is defined as the ratio of personnel expenses to number of employees. The
price of capital is defined as the ratio of other administrative expenses to fixed
assets. The price of deposits is the ratio of total interest expenses to total borrowed
funds. For the calculation of output prices, the price of loans is defined as the ratio
of interest income to total loans, while the price of other earning assets is defined
as total non-interest income to total other earning assets.

For modelling cost function, we used two measures of risk: i) the bank specific
z-score® (see Delis et al., 2017) as well as the country-specific z-score, which is
calculated as a weighted average where the weights being the share of each bank’s
total assets to respective country’s total assets ii) the ratio of equity to assets.

Moreover, we include dummy variables for commercial, investment, real-estate,

22For a review of the various approaches that have been proposed in the literature for the
definition of bank inputs and outputs see Berger and Humphrey (1997).

23The z-score is defined as follows: Z = (ROA + CR) /o(ROA), where ROA is the return on
assets, C'R is the capital ratio, and o(ROA) is the standard deviation of ROA.
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and savings banks.?* The financial crisis of 2008 had a major impact on individual
investors’ wealth (Hudomiet et al., 2011; Hoffmann and Post, 2013). In order to

control for possible changes in identified factors (managers characteristics, market

power, heterogeneity) caused by 2008 crisis, (EiESolNcNGEEI200S 205NN
(See Fujii et al., 2017) and its interactions with all control variables.”” Besides

this, time fixed effects and country fixed effects are controlled as well. Moreover,
when announcing our parameter estimates, we present separate posterior mean
estimates for pre- and post-crisis.

The additions to the sample are not necessarily new market entrants, but rather
successful banks that are added to the database over time. Exits from the sample
are due either to bank failures or to mergers with other banks or are a conse-
quence of changes in the coverage of the Bankscope database. Our sample covers
the largest credit institutions in each country, as defined by their balance sheet
aggregates. Due to the specific features of the German banking system (large

number of relatively small banks), our sample is dominated by German banks.?

24Tn estimations, we drop cooperative banks dummy variable.

25 Among others, Pi and Timme (1993) have identified principal-agent based issues, which affect
decision management and decision control processes with an end result to efficiency. In addition,
a performance-ownership link has been well identified in the previous literature (Demsetz and
Lehn, 1985; Fuentes and Vergara, 2007). However, we cannot control ownership structure of
banks due to data availability issues. Nevertheless, the relationship between ownership struc-
ture and efficiency could be accommodated in our proposed modelling approach by including
ownership related control variables when modelling both structural and non-structural efficiency
components though it is not the main emphasis of the present paper. Also note that efficiency
is captured by a random variable that is bank-specific, which may help capturing efficiency in a
flexibly manner.

260Qur sample considers the size of balance sheet per bank and per country. For example,
due to specific features of the German banking system (large number of relatively small banks),
we take into account in the empirical application the underlying total assets per bank. This
corrects for the large number of German banks of any EU bank sample. Note that although, the
number of banks from Germany would be above the corresponding figure of other countries, for
example France, focusing on the number of banks might be misleading as bank’ total assets are
of importance for the size of the country banking industry. To this end, banking industries in
countries like France and UK would weight higher than the German banking industry as total
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Descriptive statistics of the data are provided in Table 1.%7

Table 1.a. Descriptive Statistics for the Eurozone

VARIABLE MEAN _ STD.DEV. _ MIN MAX
C*: Total Cost 104673.9 150059 5150 478000
W1: Capital Price 1261735 1168332 0396904  4.24958
W2: Labor Price 1587868 1194612 0540723  4.49794
W3: Deposit Price 0.0187389  0.0077274  0.008237  0.031838
QI: Loans 1594909 2396045 62202 7700000
Q2: Other Earning Assets 899574 1291166 42624 4100000
Total Assets 2921072 4356429 129103 1.40E+07
Equity 200402.6 2828508 11829 913049
Price of Loans 0052731 0.0120246 0.0355171 0.0729045
Price of Other Earning Assets  0.0375926  0.0225455  0.01573  0.0910299
Z-score_B: Bank Specific 4.124618  3.602281  0.2508916 11.59291
Z-score _C: Country Specific 3.088586 3277355 0.2508916  11.59291
Equity to Assets 0.0832904  0.0288753  0.0458019 0.1384615
Commercial Bank Dummy 0.1912706  0.3933099 0 1
Investment Bank Dummy 05236771 0.4994496 0 1
Real-Estate Dummy 0.0270054  0.1621025 0 1
Savings Bank Dummy 0.0315554  0.174817 0 1
Cooperative Bank Dummy 0.2264914 0.4185695 0 1

Note: The table presents descriptive statistics of the main variables used in our analysis for the full
sample over the examined period, 2002-2015. Number of observations 23,615 and the Eurozone
includes the countries: Austria, Belgium, Cyprus, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Malta, the Netherlands, Portugal, and Spain.

Table 1.b. Descriptive Stati:

ics for the Periphery

VARIABLE MEAN STD. DEV. MIN MAX
C*: Total Cost 88486.06  139389.2 5150 478000
W1: Capital Price 1087192 1.089453 0396904  4.24958
W2: Labor Price 1326478 1140832 0540723  4.49794
W3: Deposit Price 00175173 0.0073033  0.008237  0.031838
QI: Loans 1659343 2574135 62202 7700000
Q2: Other Earning Assets 831208 1344284 42624 4100000
Total Assets 3006790 4718866 129103 1.40E+07
Equity 2161853 302880.3 11829 913049
Price of Loans 00485132 0.011877  0.0355171 0.0729045
Price of Other Earning Assets  0.0401392  0.0222235  0.01573  0.0910299
Z-score_B: Bank Specific 1763584 1763424 0.2508916  11.59291
Z-score _C: Country Specific 1.665594 1.477467  0.2508916  11.59291
Equity to Assets 0.0979033  0.0296494  0.0458019  0.1384615
Commercial Bank Dummy 0.1788589  0.3832677 0 1
Investment Bank Dummy 0.6435072  0.4790051 0 1
Real-Estate Dummy 0039552 0.1949212 0 1
Savings Bank Dummy 0.0122506  0.1100121 0 1
Cooperative Bank Dummy 0.1258313  0.3316882 0 1

Note: The table presents descriptive statistics of the main variables used in our analysis for the full
sample over the examined period, 2002-2015. Number of observations 5,712 and the periphery of
the Eurozone includes the countries: Cyprus, Greece, Ireland, Italy, Portugal, and Spain.

assets in France per bank are larger than in Germany. In our sample, to deal with the large
number of German small banks, we consider banks’ balance sheet size that is total assets as a
control variable. In addition, in the empirical analysis we control for country fixed effects.

2TNumber of banks per country are as follows: Austria 211, Belgium 32, Cyprus 16, Finland
33, France 224, Germany 1489, Greece 10, Ireland 17, Italy 506, Luxembourg 60, Malta 10,
Netherlands 31, Portugal 99, and Spain 109.
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Table 1.c. Descriptive Statistics for the Core

VARIABLE MEAN STD. DEV. MIN MAX
C*: Total Cost 109787.1 1529022 5150 478000
WI: Capital Price 1.31756 1.187085  0.396904  4.24958
W2: Labor Price 1672114 119939 0.540723  4.49794
W3: Deposit Price 00191286 0.007818  0.008237  0.031838
QI: Loans 1574378 2336153 62202 7700000
Q2: Other Earning Assets 921357.7 1273043 42624 4100000
Total Assets 2893895 4234822 129103  1.40E+07
Equity 195398.6  276017.7 11829 913049
Price of Loans 00541234 0.0117452  0.0355171  0.0729045
Price of Other Earning Assets  0.0367811 ~ 0.0225875  0.01573  0.0910299
Z-score_B: Bank Specific 4873201 3.711761 02508916  11.59291
Z-score _C: Country Specific 3.646219 2973446  0.2508916  11.59291
Equity to Assets 0.0786572  0.027024  0.0458019 0.1384615
Commercial Bank Dummy 0.1952059  0.3963701 0 1
Investment Bank Dummy 04856842 0.4998089 0 1
Real-Estate Dummy 0.0230274 0.1499947 0 1
Savings Bank Dummy 0.0376762  0.1904172 0 1
Cooperative Bank Dummy 0.2584064  0.4377707 0 1

Note: The table presents descriptive statistics of the main variables used in our analysis for the full
sample over the examined period, 2002-2015. Number of observations 18,022 and the core of the
Eurozone includes the countries:  Austria, Belgium , Finland, France, Germany, Lux ~ embourg,
Malta, and the Netherlands.

3.2 Empirical Models and Results

In this section, we provide the details of our agency-theory-based models that
we use for estimating the efficiencies of Eurozone banks. We use loans as (),
and other earning assets as ()». The inputs to production are capital, labor, and
deposits, which comprise total costs. The cost function is assumed to have a
translog functional form of outputs, input prices, and total assets. We include
total assets as a bank size measure as it may indicate higher diversification of a
bank’s loan portfolio (Mester, 1993), where logarithm of total assets is used to
control for different bank sizes.

Besides these variables, as mentioned in the data section, our cost function
includes bank specific and country specific z-score as well as the ratio of equity to
assets. The variables are interacted with all other variables in the cost function
and the squares are included as well. We also include a 2008 — 2015 dummy and

its full interactions with all other variables for the cost function variables.?® This

28The 2008 — 2015 dummy and its cross-products are jointly significant at any conventional
significance level.
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dummy and its interactions is capturing the financial meltdown of 2008 that could
have contributed to a major structural break in the underlying fundamentals of the
banking industry in the Eurozone that is not captured by the technology. Although
Joyce et al. (2012) argue that the Eurozone was rather resilient early on to the
financial crisis originated in the US, by 2011 the crisis had a major detrimental
impact to the Eurozone. Besides these we control for country and time fixed effects
by dummy variables.

As Eurozone countries constitute a single currency union with some noticeable
heterogeneity in their banking industries, we estimate bank inefficiency for the
three main groups: the Eurozone, the periphery, and the core of the Eurozone.
Heterogeneity is addressed by including country fixed effects. As discussed, it
could be the case that the Furozone is rather heterogenous despite representing
a single currency area. Indeed, bank imbalances in the aftermath of the financial
crisis might have contributed in to two banking zones within the Eurozone; that
is the periphery from where deposits fled due to poor performance to the core of
the Eurozone (see Joyce et al. 2012).

In the estimations, we impose the homogeneity restriction to the cost function
and other parametric restrictions for the V' (the utility function for lack of effort)

function as discussed in the theoretical section. We assume the following functional
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forms in our empirical model:?*

P (Q)=ay—a1ln@Q; —azInQy + X' 9)
InP(Q) =0 —iInQr — foInQe+ X'
Cr (qi,mi) = C(q;) i

V;(Tz) :’}/07“?1,’70 >0and 0 <y <1,

where X is a vector of control variables for the demand equations. The parameters
of the model are restricted so that curvature conditions for the (normalized) utility
function for lack of effort hold, i.e., V/ (r;) > 0 and V" (r;) < 0. In other words,
the (normalized) utility from lack of effort is an increasing function and increase
in lack of effort provides less additional satisfaction to the manager. The inverse

of V' (r;) is essential for our model and is given by:
Vi (@) = (o) T 2 (10)

= (90.1'91 > 1, 90 > (0 and 91 < —1.

3.2.1 Estimation of Structural Games

The two-stage structural game can be estimated using Equation (24) and Equation

(25). The relevant supply equations for the simultaneous structural game are given

29 Two-output model details are given in Appendix B.
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where Inr; = Infy + 01 InC;; > 0 is the term that captures the structural inef-
ficiency and u; > 0 term is a one-sided random variable added to capture the
non-structural inefficiency. The standard stochastic frontier models would only
estimate the cost function and assume that there is no structural inefficiency so
that Inr;; = 0, i.e., 9 = 1 and #; = 0. Hence, conventional corporate finance
studies that use standard stochastic frontier models, may have specification issues
if the managers are acting strategically.

For the two-stage structural game, we use Equation (24) and (25) to get the

parameter estimates.?!

For the simultaneous structural game, we estimate the
System (11), which is a nonlinear simultaneous equations model with a non-trivial

Jacobian term that is computed numerically.*?

30 After adding the error terms, we can use bank specific output prices.
31 These first order conditions are given in Appendix A.
32The estimation details for the simultaneous structural game is given in Appendix C-E.
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3.2.2 Reduced Form Model

Based on Equation (15), we argue that the equilibrium profit of firm ¢ depends on
the inefficiency of firm i as well as the “average inefficiency” of other firms.?* Our
reduced form model is in line with this idea. Hence, our model can be considered
as some form of a spatial efficiency model. For notational simplicity, we illustrate
the single market case. However, it is trivial to allow separate markets where the
inefficiency of a firm in one market is not effected by the efficiencies of firms from

other markets. Suppose we have a model of the form:

InC; =InCy (B) + eu (12)
Eit = Uit + Vit

Ut {th,j #iy ~ Ny (%’ﬂl + ’quﬂ't,UZ) )

where u_; = (n — 1)_1 Z;L:_ll i Wjr along with the assumption that, independently,
vy ~ 1.i.d.N(0,02). Here, u; is a one-sided error term that is capturing inefficiency.
We assume z; is m x 1 and includes a constant term. We consider u;’s as latent
variables, which are considered as parameters with appropriate priors.** For this
procedure, knowledge of conditional distributions of parameters is required. We
use non-informative priors. Also, we use 15, 000 iterations the first 5,000 of which

are discarded to mitigate possible start-up and convergence effects.?

33This is consistent with the social comparison theory of Festinger (1954) as well.
31See Tanner and Wong (1987) and Tsionas (2002) for details.
35We present the conditional distributions and details in Appendix C-E.
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3.2.3 Results

In this section, we present our estimation results for our models. In output ta-
bles, the sample means of posterior mean estimates of parameters for a variety of
percentiles based on total assets and standard deviations (in parenthesis) for the
estimated distributions of the model parameters are announced. In what follows,
when interpreting the results, we will use the estimates for the median bank. Table
2 provides our key parameter estimates for the two-stage structural game for whole
Eurozone banks for time periods 2002 — 2007 (first period) and 2008 —2015 (second
period).?® Tt turns out that Bayes factor favors the two-stage game against other
two options (see Table 7). Hence, we concentrate on the two-stage structural model
and only announce the estimates from structural models.?” The columns show the
estimation results for different percentiles of banks in terms of size, i.e., total as-
sets. For example, 50% column gives the sample posterior mean of parameters for
the 50" percentile bank in terms of size, i.e., total assets. The median Eurozone
bank’s structural inefficiency in 2008 — 2015 is 7.4%, which is much higher than
that of 2002 — 2007, i.e., 5.5%. Non-structural inefficiency, the inefficiency com-
ponent that is not explained by managers actions, also follows similar trend and
increases from 12.8% in 2002 — 2007 to 16.2% in 2008 — 2015 period. Also note that
non-structural inefficiency is more than double of the structural inefficiency. For a
median Eurozone bank, both structural and non-structural inefficiency increased
significantly over time. Note that non-structural inefficiency, an inefficiency that
has not been measured and thereby revealed by previous studies, is the unexplained

inefficiency by our structural model. Such inefficiency is hard to tackle as little

36In all tables the vy estimates are divided by 10, 000.
37The parameter estimates for the reduced form model are available upon request.
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control can be applied to. It is of interest to further identify whether underlying
heterogeneity in the Eurozone could drive such inefficiency in line with Joyce et
al. (2012) who argue that banking imbalances in the Eurozone are rooted on the
asymmetries between the periphery and the core of the Eurozone. Next, we turn
our attention to the non-structural inefficiency at the periphery vs the core of the
Furozone.

The source of structural inefficiency is the game theoretical interactions be-

tween managers.

Table 2. Key Parameter Estimates for Two-Stage Structural Game: Eurozone
2002-2007 2008-2015

10% 25% 50% 75%  90% 10% 25% 50% 75% 90%
oy 0312 0332 0324 0205 0.144 | 0212 0202 0.225 0217 0.315
(0.015)  (0.021)  (0.017)  (0.020) (0.014) | (0.014)  (0.012)  (0.017)  (0.019)  (0.020)
o, 0.144 0.132 0.120 0.081 0.042 | 0.061 0.077 0.035 0.041 0.063
(0.015)  (0.024)  (0.019)  (0.012) (0.021) | (0.015)  (0.017)  (0.012)  (0.020)  (0.022)
B;  0.014 0.022 0.031 0.028 0.017 | 031 0.028  0.033  0.077 0.021
0.001)  (0.005)  (0.017)  (0.002) (0.003) | (0.007)  (0.005)  (0.007)  (0.012)  (0.005)
B, 0.125 0212 0315 0.188 0.073 | 0225 0317 0388 0.401 0.383
(0.017)  (0.014)  (0.021)  (0.015) (0.021) | (0.014)  (0.022)  (0.015)  (0.026)  (0.025)
yo 9439 10520 11.371 8523 7.572|10.210 11.337 12201 10.137 9.770
(234)  (2.543)  (1.875)  (2771) (2.435) | (2.173)  (3.545)  (3.325)  (2435)  (2.870)
yi 0171 0180 0.197 0221 0233 | 0324 0316 0212 0.188 0.144
(0.014)  (0.012)  (0.015)  (0.012) (0.010) | (0.013)  (0.021)  (0.023)  (0.013)  (0.014)
SI 0.034 0.041 0.055 0.059 0.061 | 0.051 0.073 0.074 0.075 0.082
(0.014)  (0.016)  (0.021)  (0.019) (0.038) | (0.035)  (0.022)  (0.021)  (0.025)  (0.017)
NS 0.182  0.155  0.128 0.120 0.155 | 0.212 0.197 0.162 0.164 0.180

0.021)  (0.024)  (0.019)  (0.027) (0.020) | (0.025)  (0.022)  (0.017)  (0.011)  (0.017)

Note: We report sample means of posterior mean estimates. The percentage values in columns represent the size percentile
of the relevant bank. Standard deviations are given in parenthesis. SI: Structural inefficiency and NSI: Non-structural
inefficiency.

In Table 3, we present the key parameter estimates for the core vs the periphery
of the Eurozone. The sample means of posterior mean estimates for structural and

non-structural inefficiencies for both core and periphery countries increased over
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time. Interestingly, both inefficiencies increased in the aftermath of the financial
crisis, whereas the non-structural inefficiency is more than twice that of the struc-
tural inefficiency for the both for the periphery and the core of the Eurozone. Our
results show that the non-structural inefficiency is quite high for both the core and
the periphery of the Eurozone at 18.7 — 18.8% in the period 2008 — 2015. This is
of importance as it is for the first time that we confirm the discussion of Sinn and
Wollmerchauser (2011) and Joyce et al. (2012) that predicted that ‘target system
imbalances’, and as such outside the control of bank level management, would
impair bank performance in the Eurozone. We estimate that non-structural ineffi-
ciency is indeed an issue with the Eurozone banking and after the crisis equally so
for the core and the periphery. The core of the Eurozone may not be immune to
non-structural inefficiency and as such any correction action would warrant that
such imbalances should be challenged at a horizontal level. This action would
imply that the way forward should be towards higher degree of integration that
eventually could lead to a banking union. In fact, the reported evidence shows
that the Eurozone as a currency union has done little to correct non-structural
inefficiency, and in particular in the aftermath of the financial crisis, across all
Member States.

We also announce the returns to scale and technical change estimates in Table
4. The returns to scale estimates are reasonable and in line with the estimates in

the literature.?®

38See Delis and Tsionas (2009) and Mamatzakis et al. (2015).
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Table 3. Key Parameter Estimates for Two-Stage Structural Game: Core and Periphery

2002-2007 2008-2015

CORE PERIPHERY CORE PERIPHERY
o 0.313 0.177 0.144 0.132
(0.014) (0.013) (0.021) (0.014)
o2 0.072 0.013 0.032 0.010
(0.021) (0.003) (0.007) (0.002)
Bi 0.035 0.010 0.015 0.011
(0.008) (0.003) (0.004) (0.002)
B2 0.215 0.107 0.115 0.031
(0.027) (0.002) (0.015) (0.011)

Yo 16.21 7.43 12.17 6.81

(3.13) (2.32) (2.65) (1.76)
11 0.142 0.177 0.212 0.133
(0.003) (0.008) (0.014) (0.022)
SI 0.042 0.081 0.065 0.092
(0.028) (0.027) (0.021) (0.015)
NSI 0.162 0.175 0.188 0.187
(0.017) (0.013) (0.018) (0.020)

Note: We report sample means of posterior mean estimates. Standard deviations are given in parenthesis. SI: Structural
inefficiency and NSI: Non-structural inefficiency.

Table 4. Returns to Scale and Technical Change Estimates

Eurozone Core Periphery

0.975 0.987 0.882

Returns to Scale (0.023) (0.021) 0.017)

. -0.002 0.004 -0.001

Technical Change ©013) ©0.013) 0.005)
Eurozone 10% 25% 50% 75% 90%
R ¢ to Scal 0.889 0.912 0.925 0.984 0.999
eturns to Scale (0.011) (0.013) 0.017) (0.018) (0.021)
Technical Chanee -0.005 -0.003 -0.001 0.002  0.005
8 (0.007) (0.013) (0.015) 0.010)  (0.015)

Note: We report sample means of posterior mean estimates. Standard deviations are given in parenthesis.

Table 5-6 show the simultaneous game estimation results for the key parame-
ters. These estimates suggest increase in inefficiency of Eurozone banks over time
as well. Also, note that Table 6 clearly shows that non-structural inefficiency is a
serious impediment to bank performance for both core and periphery in the period

2008 to 2015 as it mounts at more than twice the structural inefficiency.
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Table 5. Key Parameter Estimates for Simultaneous Structural Game: Eurozone

2002-2007 2008-2015
10% 25% 50% 75% 90% 10% 25% 50% 75% 90%
o 0.185 0.144 0.221 0.232 0.255 | 0.141 0.183 0.120 0.081 0.077
0.022)  (0.017)  (0.023)  (0.015) (0.017) | (0.021) (0.018) (0.015) (0.014)  (0.014)
o 0.022 0.031 0.044 0.025 0.017 | 0.015 0.022 0.031 0.042 0.021
0.007)  (0.005)  (0.006)  (0.003) (0.004) | (0.004) (0.004) (0.003) (0.015)  (0.009)
B 0.017 0.025 0.031 0.044 0.032 | 0.018 0.022 0.025 0.028 0.031
0.013)  (0.015  (0.014)  (0.012) (0.015) | (0.004) (0.008) (0.003) (0.015)  (0.005)
B> 0.187 0.221 0.337 0.401 0.388 | 0.525 0.422 0387 0.314 0.288
(0.004)  (0.003)  (0.015)  (0.017) (0.021) | (0.017) (0.012) (0.010) (0.022)  (0.034)
Yo 12.330  12.113  11.762 9.454 8333 | 9.512 8540 7.341 7.120 6.102
(3312)  (2.861)  (1.463)  (0.871) (0.940) | (1.454) (2.302) (0.982) (1.540) (2.331)
v 0.181 0.223 0.236 0317 0440 | 0.121 0.220 0.255 0.332 0.367
0.027)  (0.014)  (0.012)  (0.013) (0.017) | (0.010) (0.014) (0.020) (0.023)  (0.021)
SI  0.051 0.044 0.032 0.055 0.063 | 0.065 0.057 0.055 0.067 0.072
0.022)  (0.017)  (0.020)  (0.017) (0.015) | (0.025) (0.032) (0.027) (0.022)  (0.027)
NSI  0.151 0.172 0.185 0.193 0.196 | 0.185 0.194 0.222 0.204 0.214
(0.023)  (0.019)  (0.028)  (0.021) (0.020) | (0.023) (0.020) (0.018) (0.014)  (0.019)

Note: We report sample means of posterior mean estimates. The percentage values in columns represent the size percentile
of the relevant bank. Standard deviations are given in parenthesis. SI: Structural inefficiency and NSI: Non-structural
inefficiency.

Table 6. Key Parameter Estimates for Simultaneous Structural Game: Core and Periphery

2002-2007 2008-2015

CORE PERIPHERY CORE PERIPHERY
o 0.315 0.132 0.132 0.117
(0.022) 0.014) (0.004) (0.005)
o 0.021 0.017 0.019 0.020
(0.007) (0.002) (0.005) (0.002)
Bi 0.013 0.012 0.011 0.015
(0.004) (0.006) (0.006) (0.004)
B2 0.388 0.171 0.277 0.121
(0.010) (0.032) (0.015) (0.007)
Yo 11.14 7.33 9.62 6.44
(1.14) (1.033) (0.74) (1.08)
i 0.388 0.221 0.187 0.120
(0.015) (0.010) (0.004) (0.005)
SI 0.035 0.062 0.052 0.078
(0.031) (0.040) (0.037) (0.029)
NSI 0.171 0.193 0.195 0.213
(0.024) (0.020) (0.024) (0.020)

Note: We report sample means of posterior mean estimates. Standard deviations are given in parenthesis. SI: Structural

inefficiency and NSI: Non-structural inefficiency.
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In Table 7, we present Bayes factors in favor of two-stage structural game. A
value larger than 1 indicates that the two-stage model is preferred. A widely used
table for interpreting Bayes factors (Kass and Raftery, 1995) suggests that the
values between 1 and 3 correspond to “Not worth more than a bare mention”;
the values between 3 and 20 correspond to “Positive”; the values between 20
and 150 correspond to “Strong” evidence. Based on this table, for most of our
model comparisons, the evidence for two-stage structural game is either positive or
strong. The smallest Bayes factor in Table 7 is 4.72, which still presents positive
evidence supporting the two-stage model. Hence, two-stage game is preferred over
simultaneous game and reduced form model.

Table 7. Bayes Factors in Favour of Two-Stage Game
2002-2007 Eurozone Core Periphery

SG 4.72 8.15 14.32
RF 19.81 55.10 88.17
2008-2015 Eurozone Core Periphery
SG 17.32 92.44 121.55
RF 44.32 128.10 177.03

Note: SG: Simultaneous game; RF: Reduced form.

In Table 8, we present the rank correlation coefficients for the efficiency esti-
mates from our models. As it appears, the efficiency estimates critically depend
on the model choice. Thus, ignoring the two-stage structure of the decision mech-
anism may affect efficiency estimates in a way that affect rankings of banks. This
seems to pose a serious threat to the standard stochastic frontier models. Hence,
understanding and controlling for the structural mechanism that is determining

the inefficiencies of banks appears to be vital when measuring inefficiency.
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Table 8. Rank Correlation Coefficients Between Inefficiencies

2002-2007 2008-2015
With NSI 10%  25%  50%  75%  90% | 10%  25%  50%  75%  90%
SG & TSG 0112 0.107 0.102 0.113 0.115| 0131 0.032 0015 0.014 0.060
SG & RF 0.004 0.015 0.013 0019 0.020| 0018 0020 0012 0016 0.013
TSG & RF 0.011  0.012  0.010 0.011 0.012| 0.010 0.005 0.0l 0.002  0.003
Without NSI 10%  25%  50% 7%  90% | 10%  25%  50%  75%  90%
SG & TSG 0121 0.14 0.120 0.115 0.007 | 0.006 0.087 0013 0017 0.012
SG & RF 0.015  0.007 0.012 0.015 0.007| 0.015 0001 0001 0.002 0.003
TSG & RF 0.014  0.011 0.015 0.017 0.005| 0.001 0.002 0.02  0.002  0.002

Note: SG: Simultaneous game; TSG: Two-stage game; RF: Reduced form, SI: Structural inefficiency and NSI: Non-structural inefficiency.

4 Concluding Remarks

As argued by Evanoff and Israilevich (1991), it is possible to identify a number
of possible explanations for the inefficiency in banking industry. Most of these
reasons can be found in any industry. Some of the earlier studies argue that bank
size would be a determinant of inefficiency. Although larger banks likely to have
more complex structure, they also would have higher pressure from owners. Also,
these banks are in more competitive markets, which may result in less inefficiency
production process.

Frantz (2014) explains Leibenstein’s view for why inefficiency may be present.
First, the human personality has a superego and an id. If we follow the former, we
would work hard and try to do things “correctly.” On the other hand, if we follow
the latter, we would avoid anything requiring focused attention, which relates to
lazy decision rules. Second, in general, managers are not the owners, which leads
to an agency problem. Third, the workers can choose their effort levels. Fourth,

monopoly power triggers these factors, especially the second and third ones.
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Our study relies on the literature that considers competition and efficiency si-
multaneously and proposes a new approach whereby this is examined through a
novel principal agent model. Unlike our model, most principal agent studies do
not incorporate agent based competition. Hence, our theoretical model combines
competition, principal agent problem, and efficiency. We decompose and estimate
structural and nonstructural efficiency for the first time to the best of our knowl-
edge. The importance of such a decomposition is that we offer an understanding
to what extent efficiency can be controlled through policies that affect competition
or managerial compensation.

Therefore, our paper provided agency based models for understanding the
sources of inefficiency and, in particular bank inefficiency, further. We identi-
fied several main factors: Market power, unobserved characteristics of managers,
terms of contract, heterogeneity across Member States of the Eurozone, in par-
ticular between the periphery and the core, and the “average inefficiency.” In the
standard stochastic frontier models, the first factor can be controlled by modeling
the distribution of the inefficiency as a function of number of banks or another
measure of market power. However, the systematic nature of the remaining fac-
tors makes the identification of inefficiency difficult in the conventional reduced
form stochastic frontier models. We illustrated that parameter estimates for the
conventional stochastic cost frontier models would not be consistent due to mis-
specification. This poses a serious problem for empirical applications that estimate
a cost function.

We applied our novel econometric structural and reduced form models to the
Eurozone banks between 2002 and 2015. The inefficiency of these banks are im-

portant for at least two reasons. First, if the banks perform efficiently, they will be
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more successful in surviving. Wheelock and Wilson (2000) find that those banks
with higher technical inefficiency, have higher likelihood of failure. Second, bank
efficiency analysis enables us to understand the effects of financial integration such
as in a currency union as the Eurozone, which could help forming better strategies
for picking the pace of further integration.

Bayes factor favors the sequential model where the inefficiency is determined
first. This means that the implementation of proper monitoring mechanisms and
of managerial contracts plays an essential role in the inefficiency levels. In ad-
dition, moving towards a banking union would enhance the integration and the
homogeneity across all Member States in the Eurozone and would assist efforts to
subdue the non-structural inefficiency. Since inefficiency is a form of social welfare
loss, these corrective policy actions would not only help the banks to improve their

profits but also decrease waste of resources through efficiency gains.
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5 Appendix A: Propositions

Proposition 1 presents the equilibrium conditions and profits of firms conditional
on r.* In Propositions 2-3, we analyze the responses of market quantity and profit
of a firm to a change in 7;,.*° These propositions would help us understand the
characteristics of the two-stage game. Note that in Proposition 1-3, we assume
that the marginal cost is constant, i.e., C; (¢;) = ¢g;. This assumption is made to

get closed form solutions for equilibrium. Most of our analysis does not require

39 Conditional on r, the equations given in Proposition 1 are standard Cournot solutions.
In particular, Equation (13) follows from Equation (2) of Farrell and Shapiro (1990); and the
Cournot-Nash quantity and profit of firm ¢, directly follows from this equation. Hence, we skip
the proof.

40We provide the proofs of Proposition 2-3 in Appendix A, which is available upon request.
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this assumption.*’ For example, in our empirical model, we assume a translog

functional form for the cost function.

Proposition 1: Assume that the marginal cost is constant so that C; (¢;) = cg;

and 6 (r) = % > —2.%2 The Nash equilibrium market output, Q (r),

conditional on r is the solution of:

nP(Q(r)) +Q(r) P'(Q(r)) = ncr. (13)

The Cournot-Nash quantity of firm ¢ is given by:

c(r—r)  Qr)

“= g T .
The Cournot-Nash profit of firm ¢ is given by:
mi (q,r) = —P'(Q(r)) ¢} (r) (15)
_ / c (7: - Ti) Q (I‘) ?
--ree (g5

Proposition 2: Assume that the marginal cost is constant so that C; (¢;) = cg;

and 0 (r) = % > —2. In the second stage, the market output decreases

4I'Whenever this assumption is needed, we explicitly mention as in Proposition 1-3.

42This assumption (i.e., C; (¢;) = cg; and 0 (r) = %,Er@)gr)) > —2) assures that the Nash
equilibrium in the second stage exists and is unique. For example, for linear demand, we have
6 (r) = 0; and for constant elasticity demand P (Q (r)) = aQ (r) ", we have 0 (r) = — (1 + ).
It is possible to relax the constant marginal cost assumption if we are ready to restrict § > —1.
For example, Farrell and Shapiro (1990) and Gaudet and Salant (1991) assumed 6 > —1. See
also Seade (1980), Novshek (1985), Shapiro (1989), and Amir (1996) for more general conditions

for existence.
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as lack of effort, r;, increases:

oQ (r) c
or;,  P(Q()(n+1+0(r) <0 (16)

In particular, firm level quantities satisfy:

Ogi(r)  (n+0(r)(1—s;i(r)))c

or.  PQE) (1o (17)
dq; (r) _ (140 (r)si(r))c <0 if s;(r)>1/2
or; P(Q(r)(n+1+0(r) < o i 5 (r) < 1/2 ’

where s; (r) = %E:g is the market share of firm 7.

In Proposition 2, we observe that ¢; and () decrease as the lack of effort, r;,

increases. The sign of aqa"—g) is the same as the sign of (1 + 6 (r) s; (r)), which is

ambiguous. However, 6?9"—15?) > 0if s; (r) < 1/2. Therefore, in most cases, as the
J

other managers get more inefficient, ¢; increases.

Then, the first order conditions for the first stage are:

Ui (q(r),r;)  Omi(q,r)

r; = — TVi()=0= (18)
V(= -2 QEDa () = Cifaste)ry)

In this model, we have r; appearing in the system and this is somewhat difficult

to solve explicitly. We can still use the equation:

P(Q(r)) = =P (Q(r) g (r) + Ci(q)ri (19)

and obtain a solution for r; using a standard line search procedure. From this

44



equation the quantities can be solved numerically as a function of r. Then, the first

stage first order conditions in Equation (18) can be used to solve for r numerically.

Proof of Proposition 2: The first order condition for the second stage is:

87Ti (qa I')

a P(Q(r)) g (r) + P(Q(r)) —cr; = 0. (20)

After summing Equation (20) over i, we get:

nP (Q(r)) +Q(r) P'(Q(r)) = ncr =

—agr(:)P’ (Q(r)) (n +14 Q@,g ((g)@))) —c=
oQ (r) c

o P Q@ mrirem)

9gi(r)
In order to get = =

r;

we differentiate Equation (20) with respect to 7;:

0271'1' (q> I‘)

=0=
0q;0r;
P (Q(r)) agr(:) g (r) + P (Q (r)) agf;) + P (Q(r)) agg) =c=
(PQ )0 )+ P (@) T5 T+ P (@) P =

dgi(r)  n+0(r)(1—s:(r))

or;  P(Q(r)(n+1+06(r))
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In order to get aqai—qur), we differentiate Equation (20) with respect to r;:
827Ti (q7 I‘) _
“ogor;,
0 dq;
(P Q@) )+ P @) P 4 gy X g
J J
dqi (r) 9Q (r)
o, —(1460(r)s;(r)) o, =
Jgi(r) _ —(1+0(r)si(r))c

orj P QE)(n+1+6(r)

Proposition 3: Assume that the marginal cost is constant so that C; (¢;) = cg;

and 6 (r) = % > —2. In the second stage, the profit decreases as lack of

effort, r;, increases:

67ri8(:, r) () 2n+6(r) (2 — s (r))

< 0. (21)

Although, higher inefficiency increases V;, the profit of firm decreases by higher
inefficiency levels. Hence, the optimal inefficiency level of a manager is determined
by these conflicting effects. Now, we consider the optimization problem of man-
agers in the first stage where they choose the optimal level for lack of effort:

maxU; (¢ (r),r). (22)

Ti
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Then, the first order conditions for the first stage of two-stage game are:
Ui (q(r),ri) _ Omi(q,r)
! = ! V, i) = 0 =

ar i or i + ! (7” )

V) = 2P Q00 = Cla )

The first order conditions of simultaneous game for ¢; remains the same as the

two-stage game and they are given by:

%;:,r) =P (Q(r)a(r)+ P(Q(r) = Ci(g(r)ri=0 (23)
% = —=Cilg) + Vi (ri (@) = 0.

Proof of Proposition 3: In order prove Proposition 3, we find the derivative

of (second-stage) profit with respect to inefficiency:

Omi(q,r) P (Q(r)) g} (r)

87”2‘ B 0 Ti
= =P Q) P2 (1) — 240 ) P (@) L

__%@M<m%+w@q_eupmg>

n+1+0(r)
:_mwﬁifﬁzafxm%@»—%xﬂ”+§f¥i&;@nc
- 2n 46 (r) (2 — s (r))
=—q; (r)c n 1400 < 0.
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6 Appendix B: Multioutput Case

While a single output model is useful in many situations, for some contexts, such
as banking industry, a single output model may not be realistic. Hence, we extend
our models to the multi-output setting. Without loss of generality, we will present
a two-output scenario. We assume that there are two outputs with corresponding
demands represented by P; (@) and P, (@) where Q = (Q1,Q2) is the vector of
total quantities for the products. For the two-stage structural game, the solution of
the two-output case is similar. The relevant first order conditions for optimization

problem of the managers in the second stage are given by:

PQr)) =~ g ) SRy o ST, oy
P Q) = -y - 2Q W ) OC D),

Again, from these equations, the quantities can be solved numerically as a function

of r. Then, the first stage first order conditions:

9 (P1(Q(r)) qui(r) + P (Q(r)) gai (r) — Ci (g (r)) 1)
or;

Vi (r) = - (25)

can be used to solve for r numerically.

For the simultaneous structural game, the relevant first order conditions (with
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added error terms) are given by:

Py =— i — i V(G i 26

N 00, T 00, ™ T oy, (T 20
OPy; OPy; aC; .,

Pgi = ! 2 + V 1 (CZ) + V2;

—ani q1; — 904 q2;

0qai '

where vy; and wvy; are two-sided error terms, u; > 0 is the one-sided error term
that is capturing the non-structural inefficiency, and In V/~* (C;) is the structural
term that is capturing the structural inefficiency. These expressions in System (26)
can be simultaneously estimated along with the demand equations P; (@Q); X,) and

Py (Q, X;) where X; are exogenous demand shifters.

Appendix C: Structural Model Estimation

We use a Girolami and Calderhead (2011) (GC) algorithm to update draws for a
parameter ¥ € R?. The algorithm uses local information about both the gradient
and the Hessian of the log-posterior conditional of ) at the existing draw. A
Metropolis test is again used for accepting the candidate so generated but the
GC algorithm moves considerably faster relative to our naive scheme previously
described. The GC algorithm is started at the first-stage GMM estimator and
MCMC is run until convergence. It has been found that the GC algorithm performs
vastly superior relative to the standard MH algorithm and autocorrelations are
much smaller. Suppose we have a parameter vector ¥ € R? and data X.

Suppose L (¢¥) = Inp (9 | X) is used to denote for simplicity the log posterior
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of 1. Moreover, define:

G (9) = est.coviZ Inp (X | ) (27)

the empirical counterpart of
G, (V) = —Eyjgges Inp (X | 9). (28)

The Langevin diffusion is given by the following stochastic differential equation:

49 () = YVyL {9 (£)} dt + dB (t), (29)

1
2

where

VoL{0 ()} = =G {9 (1)} - VoL {9 (1)} (30)

is the so called “natural gradient” of the Riemann manifold generated by the

log-posterior. The elements of the Brownian motion are

Ky

GH{Y ()} dB; () =IG{I (O} ) 5 [G’l {0 ®)}; 1G{0 0} V2] dt (31)

+ Ve B ()] -

i

The discrete form of the stochastic differential equation provides a proposal as

follows:
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Ky

B g {6 )T, -2 {6 0 G e @) @)
+5% K; (e )y, unf{e G+ {o/e e}
—ulne) +{ey/G e
where 9° is the current draw. The proposal density is
) (& | 190) = N, (&, 222G (190)) (33)

and convergence to the invariant distribution is ensured by using the standard

form Metropolis-Hastings probability

) p(gl ]-,X)q(ﬁ"\@)
([ X)q (7] )

min

(34)

7 Appendix D: Posterior Analysis for Reduced

Form Model

We use a Gibbs sampling algorithm that produces samples that converge in

distribution to the posterior distribution of the model. This is achieved by sim-
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ulating from the conditional distributions of parameters vectors given the rest of
the parameters. We treat the inefficiency terms as a latent variables, which are
considered to be parameters. In this section, for the sake of notational simplicity,
we drop time index. The posterior augmented with inefficiencies for reduced form

model is given by:

where y; = InCf and 2,8 = In C;. We will employ the following reparameteriza-

tions:

1
b= —

. (30
0 = h.

The Gibbs sampler consists of the following steps. First, we set the initial
conditions for 3, o2, h, ¢, and u. Initial values for 3 are obtained from OLS
estimates; initial values for 02 and o2 are set to s* where s? is the OLS residual

variance; initial values of other parameters are 6 = 0; and v = 0.5. For gd =

1,...,GD where GD is the number of Gibbs draws, we do:

1. Draw S|o2, 02,6, u,y, X
2. Drawo?|3,02,6,u,y, X

3. Draw h|83,02,6,u,y, X
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4. Draw u|83,02,02%,6,y, X

v u?

5. Draw 6|3,02,02,u,y, X

) v u?

These conditional posteriors are detailed below.

7.1 Drawing
For 3 we have:

where b = (X'X) " X' (y —u) and W = o2 (X'X) "

7.2 Drawing o2

For 02 we have:

Qo

2
0y

where Q, = (y —u — XB) (y —u— XB). We generate this as 02 = %, where

v

dwxi.

7.3 Drawing o>

Note that we use the change of variable h = i The conditional posterior of A is:

p(h]) o< K" texp {—% (hu — Z6) (hu — 25)} . (39)
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It can be showed that this function is log-concave. Suppose we wish to draw from

a source which is a gamma density:

an

I (n)

g(h,a)= h"exp (—ah) (40)

and seek the optimal value of a. Consider the ratio:

R(ha) = % x a " exp {ah _ % (ht — 75 (hu — z(s)} L@y

Now, let (a*, h*) be the solution of saddle-point problem:

min max InR(h,a). (42)

(0%
Then, we use acceptance sampling procedure as follows:

1. Draw h ~ g (n,a®).

R(h,a*)
R(h*,a*)

2. Accept the draw if > U where U is a draw from standard uniform

distribution; else go to step (1).

7.4 Drawing u

We draw each wu; independently from:

Uz\ NNJr(ﬁuW?)a (43)
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aﬁri+a'5 qi 0302

where u; = g and w? = P To obtain %; we combined two equations:
ki =ui + & ~ N (0; 012,) sk =y — 2, (44)

¢ =Nu—; + 272 = Ui + &2 §o ~ N (07 03) .

7.5 Drawing ¢

The conditional posterior of ¢ is given by:

p(@]) o [T @ (26)" - exp {—% (ht — 26 (hu — Zé)} | (45)

As this function is log-concave we can employ acceptance sampling as before:

1. Draw from a multivariate normal: § ~ N (d, W) with density f (0;d, W).

2. Accept the draw if % > U where U is a draw from standard

uniform distribution; else go to step (1).

We determine d and W from the first and second derivatives of the following

expression:

Inp(6]-) = — Z; O (25) — % (hu — Z8)' (hu — Z6). (46)

In particular, we have:

Vinp (4] Z A(210) zi + Z' (hu — Z6) = 0 (47)

V2 1Inp (6].) (Z N (6) 22! +Z’Z) (48)
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where A (z) = i((i)) and A’ is the derivative of A. We set d to be the solution of

Equation (47) and W = (3301, N (24d) zizh + Z'Z) .

8 Appendix E: Simultaneous Model Estimation

Details

Let v;; (1) denote the errors from System (11) and ¢ € R? the parameter vector.

Then, the likelihood is given by:

L, 5:Y) = (2m) V(82 exp {—% 2.0 vft<ﬁ>"1vn<ﬁ>} [IIT 7.

=1 t=1 i=1 t=1
(49)
where N = nT is the number of observations, ) is the data, k = 3, and J;(9) =
| |—6g§,(,19) || is the Jacobian term. The error terms of the system v;; = [v1 i1, Va1, V3 it) ~
it

N(0,%) and ¥ is integrated out analytically using standard operations (e.g. Zell-
ner, 1971, p. 385) to obtain:

n T

L; ) o< |A@) 2T T Ja (@), (50)

=1 t=1

where A(W) = S ST vy (9)0},(9). In System (11), instead of usual term
bito + bir.1t + by ot used by Cornwell et al. (1990), we attach a term of the form
exp <— (bito + by 1t + bit72t2)2> and measure any additional non-structural ineffi-
ciency that may exist. This term is non-negative and less than one. Being smaller
than one is not a priori necessary but useful in practice based on what we know

about banking inefficiency. This retains the spirit of within estimator of Cornwell
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et al. (1990), possibly improves over them and permits the independent inclusion
of country or bank fixed effects. Then, we apply a MCMC procedure as described
in Appendix D using flat priors for all parameters, p(9) o const., so that the
posterior p(d | Y') oc L(9;Y)p(19) is proportional to the likelihood. We use 15,000
iterations the first 5,000 of which are discarded to mitigate possible start-up and

convergence effects.
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