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Abstract
The analysis of efficiency and productivity in banking has received a great deal of attention for almost three decades now.
However, most of the existing literature to date has not explicitly accounted for risk when measuring efficiency. We propose
an analysis of profit efficiency taking into account how the inclusion of a variety of bank risk measures might bias efficiency
scores. Our measures of risk are partly inspired by the literature on earnings management and earnings quality, considering
that loan loss provisions, as a generally accepted proxy for risk, can be adjusted to manage earnings and regulatory capital.
We also consider some variants of traditional models of profit efficiency where different regimes are stipulated so that
financial institutions can be evaluated in different dimensions—i.e. prices, quantities, or prices and quantities
simultaneously. We perform this analysis on the Spanish banking industry, whose institutions are deeply affected by the
current international financial crisis, and where re-regulation is taking place. Our results can be explored in multiple
dimensions but, in general, they indicate that the impact of earnings management on profit efficiency is of less magnitude
than what might, a priori, be expected, and that the performance of savings banks has been generally worse than that of
commercial banks. However, savings banks are adapting to the new regulatory scenario and rapidly catching up with
commercial banks, especially in some dimensions of performance.
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1 Introduction

The evaluation of bank efficiency and productivity has
expanded dramatically over the last three decades, and new
contributions are still being added to this relevant field of
knowledge. The number of studies is high enough to have
merited two surveys already (Berger and Humphrey 1997;
Fethi and Pasiouras 2010). Since the last of these surveys
was published, further empirical evidence has been made
available, partly because following the start of the interna-
tional financial crisis in 2007 the banking industries in
several Western economies have been substantially

reshaped. Considering also the new challenges faced by the
banking industry such as the increasingly prominent role of
digital banking, FinTech, or the low interest rates prevailing
in several financial markets, one may naturally inquire
about how banks’ efficiency is affected.

However, despite the extent of this relevant literature,
some issues have not been fully addressed. For instance,
some already classic studies in the field such as Hughes and
Mester (1993) or Mester (1996) and, in more recent years,
Hughes and Mester (2009) pointed out that bank efficiency
studies have generally disregarded the impact of risk and,
consequently, they miscalculate the banks’ levels of ineffi-
ciency. This is important for many reasons, one of them
being that among the most fundamental causes of the
international financial crisis lies the issue of bank risk
mismanagement. During the last twenty years, due to the
importance and growing relevance of this issue, although
the number of bank efficiency analyzes disregarding risk
increased notably, some papers did actually take it into
account, including Färe et al. (2004), Koetter (2008),
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Altunbaş et al. (2007) or, more recently, Fiordelisi et al.
(2011) and Epure and Lafuente (2015), among others.

Many of the contributions in this particular field have
considered different proxies for risk, among which the most
widespread approach has been to include loan loss provi-
sions. Alternatively, some authors such as Berger and
DeYoung (1997) argue that non-performing loans might be
a better option to measure bank risk, since loan loss pro-
visions can be more easily manipulated. However, this
decision hinges crucially on the availability of data, and it is
usually the case that data on non-performing loans simply
cannot be obtained. In addition, since many non-performing
loans are finally repaid, to write-off the whole amount of
non-performing loans as an expenditure might lead to
overestimations of the effects of risk. However, as indicated
by Ahmed et al. (1999), although the purpose of loan loss
provisions is to adjust banks’ loan loss reserves to reflect
expected future losses on their portfolios, bank managers
may also have incentives to use them to manage earnings
and regulatory capital. As Pérez et al. (2008) note, in the
case of banks the accrual of loan loss provisions is left to
bank managers’ discretion (Beatty et al. 1995). Analysis of
this industry takes on even greater importance due to inter-
country differences in accounting and capital adequacy
regulations (Laeven and Majnoni 2003), or the regulatory
changes in individual countries.

This and related issues have been considered by the
earnings management and earnings quality literatures
(Dechow et al. 2010; Louis et al. 2013) but, despite its
magnitude and importance, it has rarely been barely con-
templated when risk is explored in bank efficiency studies.
However, the literature on earnings management and earn-
ings quality is not conclusive as to the links between loan
loss provisions and earnings; for instance, while Collins
et al. (1995) find evidence of a positive relationship between
these two variables (which is consistent with smoothing
earnings via loan loss provisions), Beatty et al. (1995) did
not find evidence of earnings smoothing (Ahmed et al.
1999).

The joint consideration of the literature on bank effi-
ciency (controlling for risk) and earnings management and
earnings quality has additional implications. Whereas most
contributions in the bank efficiency literature have analyzed
either cost or (input) technical efficiency, far fewer studies
have analyzed either revenue (or output technical effi-
ciency) or profit efficiency. However, the magnitude and
heterogeneity of the differences among financial institutions
when examining profit efficiency—which implies evaluat-
ing cost and revenue efficiency simultaneously—are much
higher. In addition, in our particular case, in which we are
concerned with analyzing the links between earnings man-
agement and performance, it is clear we must adopt an

approach that takes earnings (and, therefore, earnings
management and earnings quality) into account—i.e. a
profit efficiency approach.

Our analysis extends the existing literature in three main
directions. First, we use several variables to measure credit
risk. On this point, despite the advantages of non-
performing loans over loan loss provisions referred to by
Berger and DeYoung (1997), the frequent unavailability of
the non-performing loans measure, and the ease with which
loan loss provisions can be manipulated led us to pursue
consider an alternative strategy. Specifically, we consider
some accounting modifications to control provisions which
add a discretional component to the use of loan loss pro-
visions—i.e. we will consider two additional proxies for
credit risk that give us some intuition about whether banks
did actually manipulate this information during the analyzed
period. Therefore, our profit frontier approach explicitly
takes into account the quality of the variables which affect
the measurement of bank profits. This approach, as far as
we know, has never been used in the literature measuring
bank efficiency—regardless of whether we control for risk
or not. However, an accurate profit frontier evaluation will
hinge on the quality of the components of profits. The lit-
erature on earnings quality and earnings management
(Roychowdhury 2006; Dechow et al. 2010), as indicated,
deals precisely with this. In our setting, both the choices on
when transactions occur (timeliness and timely loss recog-
nition) and the choices made to (perhaps) manipulating the
profits to be disclosed are particularly relevant because of
their impact on profits (Beaver and Engel 1996). This has
been widely recognized in the literature, since the expected
future losses cannot be estimated with certainty and,
therefore, bank managers’ discretion when when setting
loan loss provisions (LLPs) is relatively substantial.

Although, in theory, discretion is exercised to provide the
best estimates of their portfolios’ expected losses, in prac-
tice, managers might have considerable incentives to
manipulate LLPs. These incentives include, for instance,
helping to reduce earnings volatility, enhancing managers’
compensation, or avoiding capital adequacy regulation.
Several contributions have acknowledged this reality (see,
for instance Ahmed et al. 1999; Kim and Kross 1998;
Collins et al. 1995), and much of the literature, especially
studies focusing on the U.S., has extensively analyzed the
determinants of LLP decisions. Our model controls for this
aspect by including loan loss provisions as an expenditure
in the profit function and, in a subsequent step, to offset the
effects of their manipulation we will consider expected as
opposed to realized LLPs, for which we will follow the
recent proposals by Nichols et al. (2009). Specifically, in
contrast to other contributions that adopt a static approach,
Nichols et al. (2009) suggest estimating LLPs by taking into
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account not only present but also past and future non-
performing loans. Therefore, we will ultimately estimate
three earnings management models, depending on whether
we allow bank managers to “manipulate” the LLPs, or
whether we estimate these provisions considering both a
time series and a cross-sectional approach.

Our second contribution lies in proposing three variants
of our profit frontier model. We estimate a non-convex
short-run profit frontier model in the spirit of Prior (2003),
taking as a starting point the contributions of Färe et al.
(1994) and Primont (1993). However, in contrast to pre-
vious studies we go beyond a model in which output and
input prices are kept constant—implying that market power
might not exist, an assumption that recent literature (Salas
and Saurina 2003; Maudos and Fernández de Guevara
2007) suggests could be implausible. We extend this basic
model in two main directions. In the first banks will be
allowed to influence quantities only, being price-acceptant,
whereas in the second, banks will be able to influence pri-
ces. We will refer to these three models as the unconstrained
profit model, the price-constrained profit model and the
quantity-constrained profit model, respectively. For all three
profit frontier models we will consider three variants
depending on the degree to which LLPs are manipulable—
i.e. one model subject to manipulation, and two models in
which the estimation of LLPs are plugged in.

Finally, we apply the analysis to the Spanish banking
system, for which there is compelling evidence on its per-
formance (see, for instance Grifell-Tatjé and Lovell 1999).
However, only a very few contributions deal explicitly with
risk. Likewise, studies that adopt a profit frontier approach
are also very scarce. We consider this to be a relevant
context, especially taking into account the difficulties that
many Spanish commercial and savings banks are experi-
encing after the crash of the housing market, and the threat
that this represents for the entire European banking indus-
try. In addition, the Spanish banking system is undergoing a
profound regulatory change whose impact on the industry is
yet to be examined. Our strategy to estimate LLPs is also
particularly well suited to the Spanish banking system, due
to the dynamic LLP scheme introduced by the Bank of
Spain in 2000.

Results can be summarized from a multiplicity of angles.
Our combination of profit frontier models (unconstrained,
price-constrained, and quantity-constrained) and proxies for
risk yields a total of nine models. Although there are several
differences depending on the profit frontier model con-
sidered, the heterogeneity found when comparing results
yielded by models with varying degrees of LLP discretion is
very low, suggesting that the likely impact of LLP manip-
ulation on profit efficiency is limited. This result is robust
across profit frontier models, time (pre-crisis or crisis years)
and types of firms (commercial or savings banks). The

differences, however, are quite large and significant when
considering the context—time or type of firms. During the
pre-crisis years, commercial banks performed better than
savings banks, regardless of the model considered. In the
2008–2010 period, savings banks caught up with banks
and, for some models, their efficiency is higher, suggesting
that they are adapting rapidly to the new regulatory
scenario.

One of these threats is represented by the drop of profits
before provisions are made, which may be strongly influ-
enced by the efficiency with which banking firms operate.
More specifically, as pointed by Martín-Oliver et al. (2013),
“the level of efficiency when performing banking inter-
mediation activities is a key factor in economic develop-
ment” (Buera et al. 2009; Diamond and Rajan 2009; Mehra
et al. 2011). Moreover, they add that “changes in the costs
of intermediation have important macroeconomic con-
sequences for investment and growth” (Christiano and
Ikeda 2011; Hall 2011). In general, as shown by the well-
established field of research on the finance-growth nexus
(Demirgüç-Kunt and Levine 2001; Levine 1997), the evi-
dence shows that some countries, such as Germany or
Japan, whose economies and financial systems are more
bank-oriented, have also higher growth rates and, therefore,
an efficient banking system may ultimately have positive
effects on economic growth.1

The article is organized as follows. After this introduc-
tion, the next section presents an overview of the Spanish
banking sector and recent changes (Section 2). The model
considered to measure profit efficiency taking into account
risk preferences is introduced in Section 3, and the data are
described in Section 4. Some interpretations of the results
from our analytical proposal are provided in Section 5, and
concluding remarks are made in Section 6.

2 Overview of the Spanish banking system:
an unusual long journey

The Spanish banking system consists of three main types of
institutions: commercial banks, savings banks and credit
unions. After a particularly intense deregulatory process
during the 1980s, all three institution types were subject to
similar credit risk, accounting standards and taxation reg-
ulations. However, their differences in terms of ownership,

1 These specific links between banking and economic growth have
been explicitly analyzed in Mayer (1988), Allen and Gale (1997) and
in textbooks such as Freixas and Rochet (1997), who dedicate a
chapter to the macroeconomic consequences of financial
imperfections.
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governance structure and organizational form remained, and
were actually modified after the crisis, as we will see
below.2

Due to their role in fueling and accommodating the
housing and construction bubble, many Spanish banks
(especially savings banks) came under severe stress, as well
as deeper scrutiny from both domestic and, particularly,
international financial markets. Their large accumulated
stocks of potentially problematic (generally real estate
related) assets, as well as the relatively low capitalization of
some banks (savings banks in particular) raised concerns.
Given the relevance of banks’ economic functions in pro-
viding liquidity and allowing funds to transfer from savers
to investors and their importance for facilitating economic
growth (Hellwig 1991), and to rule out the possibility that
these institutions could lead Spain deeper into the crisis, a
profound restructuration and recapitalization took place in
the sector, although the challenges facing Spanish banks
remain. Specifically, in order to deal more effectively with
banks’ impaired real estate assets and, in general, to restore
the viability of the sector, external assistance was needed in
order to provide a sufficiently large and credible backstop.

The restructuring and recapitalization of the sector
resulted in a profound reshaping of the banking system from
an industrial organization perspective. The changes led to a
decline in the sector’s excess capacity, including a sharp fall
in the number of bank branches (more than 10,500 branches
were closed between the 2008 peak and 2013, representing
a 22% decrease, and the trend continues) and the total
number of employees (more than 41,800 from the 2008
peak until 2012, representing a 15% decrease). Although, in
general, many indicators are improving (e.g., solvency
ratios), several challenges still exist (for instance, total
volume of non-performing loans, sluggish growth of bank
lending, or slow de-leveraging).

2.1 A look at the recent changes in the Spanish
banking sector

Table 1 provides summary statistics on the market shares of
commercial banks, savings banks, and credit unions for
both loans (and credits) and deposits, for the private and
public sectors. A sharp change in tendencies is apparent
after 2008, generally to the detriment of savings banks. In
contrast, savings banks showed the most rapidly increasing
growth rates from 1988 onwards. For instance, as reported
in Table 2, between 1998 and 2008 the volume of loans
granted by savings banks increased annually by a remark-
able 16.25%—although the increase was also noteworthy
for commercial banks (12.60%) and, more importantly,
credit unions (15.90%). In contrast, the volume of deposits
raised by each type of banking firm during the same period
(1998–2008) increased at more moderate (and similar) rates
(approximately 10%).

The discrepancy observed between the deposits raised
and loans issued by savings banks indicates that the geo-
graphic expansion policies—triggered by the deregulation
process implemented in Spain in the late eighties—were
successful in terms of loans issued, but less so in terms of
deposits raised. This is further corroborated by the decrease
in the number of commercial bank branches since the late
1990s. Credit unions followed a similar pattern to that of
savings banks, although their geographic expansion policies
were more conservative. When we extend the analysis to the
crisis years (2008–2010), as reported in Table 2, different
patterns are also observed for the three firm types. Although
commercial banks and credit unions managed to grow in
terms of loans, credits and deposits (at least in nominal
terms), the situation is very different for savings banks,
whose volume of loans issued and deposits raised actually
fell between 2008 and 2010.

Taking into account the total number of branches for any
of the three aggregates (commercial banks, savings banks or
credit unions), it is apparent that lifting the restrictions on
branching for savings banks and credit unions led them to
follow very different strategies to those of commercial
banks. Indeed, the evolution of the aggregate (see Table 3)
was the result of very disparate trends for the three types of
institutions. In the case of savings banks, the number of
branches increased from 12,252 in 1988 to 22,649 by 2010,

Table 1 Shares of the different
bank types in the Spanish
banking sector, 1988–2010 (%)

Loans and credits Deposits

1988 1998 2008 2010 1988 1998 2008 2010

Commercial banks 63.72 54.27 45.60 47.62 53.66 43.93 43.61 46.13

Savings banks 33.33 41.20 49.17 47.08 42.14 50.19 50.16 47.23

Credit unions 2.96 4.53 5.23 5.30 4.21 5.88 6.23 6.64

Source: Bank of Spain

2 In contrast to Spanish commercial banks, savings banks are private
foundations with no formal owners. Their profits had either to be
retained or partially invested in social/community/cultural programs—
they were even known as “social dividends”. The main goals of these
institutions were: (i) provision of universal access to financial services;
(ii) profit maximization; (iii) competition; (iv) enhancement and
avoidance of monopoly abuse; (iv) contribution to regional develop-
ment; and (v) wealth redistribution. See Crespí et al. (2004).
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representing an average increase of 2.62% per year. The
increase was even higher for the 1988–2008 period (an
increase of 3.43%). This also led savings banks to increase

their share of branches, as indicated in Table 3 (from
38.32% to 52.80% between 1988 and 2010 although, again,
the peak of 54.90% was reached in 2009). The number of

Table 2 Annual growth rates
(loans, credits and deposits) of
the different bank types in the
Spanish banking sector,
1988–2010 (%)

Loans and credits Deposits

1988–1998 1998–2008 2008–2010 1988–1998 1998–2008 2008–2010

Commercial banks 8.65 12.60 1.72 5.86 10.06 2.02

Savings banks 12.39 16.25 –1.19 9.53 10.13 –1.86

Credit unions 14.61 15.90 0.65 11.13 10.71 2.27

All banking firms 10.25 14.39 0.07 7.80 10.13 0.04

Source: Bank of Spain

Table 3 Number of branches in the Spanish banking sector by type of institution (source: Bank of Spain and own elaboration)

Year Total Commercial banks Savings banks Credit unions

Number % change Number % change Share (%) Number % change Share (%) Number % change Share (%)

1986 30,961 16,518 11,061 3382

1987 31,500 1.7 16,498 –0.1 52.4 11,754 6.3 37.3 3248 –4.0 10.3

1988 31,972 1.5 16,691 1.2 52.2 12,252 4.2 38.3 3029 –6.7 9.5

1989 32,735 2.4 16,677 –0.1 50.9 13,168 7.5 40.2 2890 –4.6 8.8

1990 33,478 2.3 16,917 1.4 50.5 13,642 3.6 40.7 2919 1.0 8.7

1991 34,873 4.2 17,824 5.4 51.1 14,031 2.9 40.2 3018 3.4 8.7

1992 35,429 1.6 18,058 1.3 51.0 14,291 1.9 40.3 3080 2.1 8.7

1993 35,193 –0.7 17,636 –2.3 50.1 14,485 1.4 41.2 3072 –0.3 8.7

1994 35,544 1.0 17,557 –0.4 49.4 14,880 2.7 41.9 3107 1.1 8.7

1995 36,251 2.0 17,842 1.6 49.2 15,214 2.2 42.0 3195 2.8 8.8

1996 37,079 2.3 17,674 –0.9 47.7 16,094 5.8 43.4 3311 3.6 8.9

1997 37,634 1.5 17,530 –0.8 46.6 16,636 3.4 44.2 3468 4.7 9.2

1998 38,639 2.7 17,450 –0.5 45.2 17,582 5.7 45.5 3607 4.0 9.3

1999 38,986 0.9 16,905 –3.1 43.4 18,337 4.3 47.0 3744 3.8 9.6

2000 38,967 0.0 15,811 –6.5 40.6 19,268 5.1 49.4 3888 3.8 10.0

2001 38,676 –0.7 14,756 –6.7 38.2 19,829 2.9 51.3 4091 5.2 10.6

2002 38,673 0.0 14,072 –4.6 36.4 20,326 2.5 52.6 4275 4.5 11.1

2003 39,405 1.9 14,074 0.0 35.7 20,871 2.7 53.0 4460 4.3 11.3

2004 40,230 2.1 14,168 0.7 35.2 21,503 3.0 53.5 4559 2.2 11.3

2005 41,599 3.4 14,533 2.6 34.9 22,410 4.2 53.9 4656 2.1 11.2

2006 43,286 4.1 15,096 3.9 34.9 23,418 4.5 54.1 4772 2.5 11.0

2007 45,086 4.2 15,542 3.0 34.5 24,591 5.0 54.5 4953 3.8 11.0

2008 45,662 1.3 15,580 0.2 34.1 24,985 1.6 54.7 5097 2.9 11.2

2009 44,085 –3.5 14,840 –4.7 33.7 24,202 –3.1 54.9 5043 –1.1 11.4

2010 42,894 –2.7 15,227 2.6 35.5 22,649 –6.4 52.8 5018 –0.5 11.7

Average annual
change
1986–1999 (%)

1.66 0.17 3.68 0.73

Average annual
change
1999–2010 (%)

0.80 –0.87 1.78 2.47

Average annual
change
1986–2010 (%)

1.31 –0.32 2.91 1.59
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credit union branches rose notably from 3,029 to 5,018,
representing a 2.66% annual increase.3

The trends for commercial banks went in the opposite
direction. As shown in Table 3, the number of branches
actually fell from 16,691 to 15,227 between 1988 and 2010,
representing a 0.43% annual decline. Most of this decline
occurred in the first half of the sample period (between 1988
and 2001) coinciding with the period when savings banks
expanded more aggressively. By contrast, in the second half
of the period, the total number of branches actually
increased slightly, although the rise would have been higher
had we excluded years 2009 and 2010. Therefore, although
commercial banks and savings banks operate under the
same regulatory system (the remaining differences are
almost entirely restricted to their type of ownership), the
opposing branching strategies could suggest that differences
are stronger than might a priori be expected.

2.2 Bank recapitalization and restructuration

Although the Spanish financial system consists of com-
mercial banks, savings banks and credit unions, savings
banks were, by and large, the most severely affected by the
financial crisis. As indicated above, these financial institu-
tions have a particular type of ownership which, in practical
terms, implies they have no owners—neither shareholders
nor formal owners; instead they have a general assembly
and a board. The board is composed of four groups:
founding entities, depositors, employees and public autho-
rities; the public authorities are represented by regional
authorities that may have incentives to control savings
banks in order to finance their adjustment policies. These
regional authorities may weigh too heavily on certain
commercial decisions or could lead to excessive risk-taking
(Illueca et al. 2014). Although savings banks date back to
the XIXth century, their geographic expansions, as indicated
above, did not take off until the beginning of the 1990s.
Apart from this, they underwent several legislative changes
over the years that allowed them to compete on equal terms
with commercial banks, accounting (according to the Bank
of Spain) for almost half of the credit market during the
decade of 2000–2010. However, following the financial
crisis the legislative reforms carried out in Spain in the last
three years almost led to their demise (see Fig. 1).

In fact, the Spanish banking industry restructuring pro-
cess in the last few years has focused mainly on savings
banks. There were basically four reasons for this: (i) cor-
porate governance model limitations; (ii) powerful business
expansion; (iii) heavy reliance on wholesale funding; and

(iv) easing of credit standards. Specifically, the organiza-
tional system of savings banks, with an absence of corpo-
rate structure, created problems in raising capital, and their
system of corporate government was not competitive in the
current market for corporate control. This was not a sig-
nificant problem for many years, since savings banks
operated within the boundaries of their traditional activities
—mostly related to retail banking and with strong links to
their home regions.

However, from the end of the 1990s to the start of the
crisis (2007–2008) there was a strong credit expansion and
a growing exposure to real estate development and con-
struction (see Fig. 2), in which savings banks had a leading
role. This brought about, on the one hand, a substantial
increase in structural costs (see Table 3, which shows the
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3 The information reported does not include the latest available years,
since the analysis carried out in the paper and presented in the next
sections ends in 2010.
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rapid growth in the number of savings bank branches, and
Fig. 3, which reports the increase in the number of
employees). On the other hand, it led to a clear risk expo-
sure concentrated on a cyclical industry and the flexibility to
grant credits. Finally, to fund this intensive business growth,
the use of wholesale funding increased, including mortgage
securitizations, as traditional funding sources were not
sufficient to feed the growing housing bubble. The burst of
the Spanish property bubble, along with the international
economic turmoil, prompted a complete overhaul of this
component of the banking industry. Figure 4 shows the
increase in the default rate following the financial crisis.

Focusing on the case of the Spanish banking industry is
also relevant due to its relative size and importance. Specifi-
cally, the Spanish financial system and the Spanish economy

are crucial for the viability of the Euro zone; Spain’s eco-
nomic size is larger than that of Greece, Ireland or Portugal,
and although some of its macroeconomic indicators are
slightly better (although others are worse), the size of the
Spanish economy represents a bigger threat to the viability of
the Euro (after Germany, France and Italy, Spain is the fourth
economy of the Euro area in terms of Gross Domestic Pro-
duct, representing 11% of the total Euro area GDP in 2012).

3 The analytical framework

3.1 Measuring profits and the literature on earnings
quality

The first step in our analytical framework is to define those
components that make up the profits of a banking firm,
namely, revenues, operating costs, and loan loss provisions,
as well as how they relate to each other:

Π ¼ Revenues� Operating costs� Loan loss provisions

¼ PM
m¼1

rmum � PN
n¼1

pnxn �
PO
o¼1

ponplo

ð1Þ

The left-hand side in Eq. (1) represents the bank’s profits,
whereas in the right-hand side the operating costs and loan
loss provisions have to be subtracted from total revenues.
Total revenues are the result of multiplying the prices (rm) and
quantities (um) corresponding to each m output, for m= 1,…,
M. As expected, the operating costs resulting from multi-
plying input prices (pn) by input quantities (xn), for inputs n=
1, …, N. Finally, we must also factor in the possibility of
unpaid loans and, therefore, loan loss provisions are also
subtracted from the revenues. If we attempt to measure this
magnitude accurately, in the same way as for revenues and
operating costs, the corresponding prices and quantities must
also be defined. In this case, for each non-performing loan or
asset o (o= 1, …, O), the latter would correspond to the
percentage of write-offs or estimated price (po) for the non-
performing loan, whereas the former would simply corre-
spond to its monetary value (nplo). The complexity of mea-
suring the different components in the r.h.s. of Eq. (1) has
spawned a well-established branch of research in the
accounting literature, namely the earnings quality literature,
the aims of which include assessing the quality of those
variables which make up firms’ profits (Dechow et al. 2010).

According to this literature, several scenarios may emerge
concerning the measurement of the variables related to loan
loss provisions. On the one hand, if prices (both pn and po)
are determined internally, some opportunistic behaviors
could emerge in the form of “manipulating” (or “making-
up”) the amount of profits to be disclosed. Accoring to
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Beaver and Engel (1996), in the particular case of banking,
manipulating profits is generally associated with problems
related to credit risk (such as bad loans). On the other hand,
there are various possibilities to consider the exact moment
when transactions take place or, as Roychowdhury (2006)
notes, incentives to manipulate real operations, in which
case the quantities (um, xn, nplo) would be affected. In
addition to these two main scenarios, from another per-
spective some banks might have incentives to decrease
earnings in years with unexpectedly strong performance in
order to reduce volatility and to increase earnings in weak
performance years. A smoother stream of earnings would
result from this behavior, helping to reduce the information
asymmetries between outside investors and managers.4 In
this regard, there is substantial evidence for managers
smoothing earnings via loan loss provision and recognizing
security gains and losses, suggesting that these should be the
variables to account for when measuring earnings quality.

In this context, some authors such as Dechow and
Dichev (2002) have considered higher profit quality exists
when earnings and cash flows follow the same pace. They
document that earnings quality is poorer for smaller firms,
which experience losses and greater volatility in sales and
cash flows. The presence of some of these characteristics in
the Spanish banking system provides a rationale for our
research objectives.

3.2 Estimating loan loss provisions

Different approaches can be considered to incorporate banks’
risk-taking behavior in the estimation of efficiency indicators.
Following previous literature, non-performing loans can be
incorporated into the production function of banks as a bad
output (or, in terms of the profit function, an expense that
reduces total profits). According to the Spanish accounting
standards, banks must classify a loan as non-performing when
either interest or principal payments are more than 90 days
overdue. In addition, all loans granted to borrowers in default
are also considered as non-performing, irrespective of whether
or not they are overdue. However, a large share of bad loans
are ultimately repaid, implying that we might overestimate the
effects of risk on profits if the whole amount of npl is written-
off as expenditures. Alternatively, we consider a different
approach by including loan loss provisions (LLP), defined in

Eq. (1) (LLP ¼ PO
o¼1 ponplo), as an expenditure in the profit

function.

According to Spanish banking regulations, loan loss
provisions are estimated by bank managers following strict
Bank of Spain guidelines (which depend on time overdue).

However, there is considerable room for discretion, since
Bank of Spain’s rules determine only the minimum amount
of losses to recognize after classifying a loan as non-per-
forming—although authors such as Pérez et al. (2008) do
not entirely agree, considering that the Bank of Spain
enforces strict regulations on the accrual of loan loss pro-
visions, by imposing a priori considerable restrictions on
banks’ ability to use managerial discretion.

In order to mitigate the effects of this potential manipulation
of loan loss provisions, rather than using realized loan loss
provisions, we advocate using expected loan loss provisions as
an expenditure. Accordingly, it will be possible to disentangle
whether banks’ loan loss provision decisions to manage
earnings or capital are being successful or not.5 If banks were
“successful” in this regard, the implication would be that loan
loss provision regulations might be irrelevant.

We follow Nichols et al. (2009), who propose estimating
expected (or “non-manipulated”) loan loss provisions at the
bank level by regressing them on both a backward-looking
and a forward-looking component. The former would con-
sist of the increase in non-performing loans on both the two
previous years (t− 1, t− 2) as well as the current year (t),
whereas the latter would be the increase in non-performing
loans (npl) in t+ 1 (this component would also allow us to
control for accounting conservatism). The model to be
estimated would respond to the following equation:

LLPmanipulated
i;t ¼ β0 þ β1 4 npli;t�2 þ β2 4 npli;t�1|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

backward�looking

þ β3 4 npli;t

þ β4 4 npli;tþ1|fflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflffl}
forward�looking

þεi;t

ð2Þ

To carry out the estimation (for each bank for the sample
period) we consider two different specifications, one static
(cross-section) and the other dynamic (time series). The
dynamic specification is considered due to the relevance of
the “statistical provision” promulgated by the Bank of Spain
in 2000, according to which banks had to use their own
reserves to cover realized losses (ultimately helping banks
to maintain provisions for incurred losses embedded in the
credit portfolios created in expansion years).6 Due to
the strong impact of the dynamic provisioning system on
the relationship between non-performing loans and loan
loss provisions, we run a second set of regressions
excluding the dynamic (or time series) loan loss provisions
from the dependent variable, yielding the static (cross-sec-
tion) specification for LLP.

4 See, among others, Beatty and Harris (1999), Beatty et al. (2002)
and Liu and Ryan (2006).

5 This would ultimately imply that over- or under-provisioning assets,
or misclassifying them, would circumvent strict accounting rules.
6 This rule ultimately enforced a counter-cyclical loan loss provision
that resulted in income smoothing practices by banks (Pérez et al.,
2008, p. 425).
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Table 4 summarizes the main results of the loan loss
provision models estimated to disentangle the normal and
discretionary components of loan loss provisions at the
bank level. Δnpl and LLP refer to the increase in non-
performing loansand total loan loss provisions, both defla-
ted by lagged total loans. Subscripts i and t denote bank i
and year t, respectively. The first three columns correspond
to the average coefficients and respective t-statistics and p-
values of year regressions using the cross-section approach,
whereas the last three columns report analogous information
for bank regressions using the time series approach.7

3.3 The profit frontier model

We follow the contributions of Färe et al. (1994) in order to
estimate a non-convex short run profit frontier model.8 This
must be tuned to our particular scenario, classifying the
inputs into fixed (xf) and variable (xv) and, in the case of the
bad output, considering the realized loan loss provisions.
Our variable profit maximization will therefore correspond
to the following expression:

Πmanip rjm; pjv; pjo
� �

¼ max z;um;xv;nploð Þ
PM
m¼1

rjmum � PV
v¼1

pjvxv �
PO
o¼1

pjonplo

� �
s:t:PJ
j¼1

zjujm � um; m¼ 1; ¼ ; M;

PJ
j¼1

zjxjv � xv; v¼ 1; ¼ ; V ;

PJ
j¼1

zjxjf � xjf ; f¼ 1; ¼ ; F;

PJ
j¼1

zjnpljo � nplo; o ¼ 1; ¼ ; O;

PJ
j¼1

zj ¼ 1;

zj ¼ ½0; 1�:

ð3Þ

In linear programming problem (3) the vector of output
prices for bank j is defined by rjm 2 RM

þ (rjm ≥ 0), and the
variable input prices are defined by pjv 2 RV

þ, v= 1, …, V.
The output quantities for j are represented by uj 2 RM

þ , xjv 2
RV

þ are the variable netputs for bank j and xjf 2 RF
þ are the

fixed netputs for the same bank.
We tune linear programming model (3) to adapt the

contributions by Primont (1993) and Färe et al. (1994) to
our specific scenario in which risk enters the model via loan
loss provisions. This leads to the inclusion of additional
variables, namely, nplj 2 RO

þ, which is the amount of non-
performing loans for bank j, o= 1, …, O, and their corre-
sponding prices, pjo 2 RO

þ. In addition, in the second step
we re-run linear programming model (3) but including the
variables subject to “manipulation” by their estimated
values, which in practical terms implies considering an
additional linear program:

Πnotmanip rjm; pjn; ~pjo
� �

¼ max z;um;xv;nploð Þ
PM
m¼1

rjmum � PV
v¼1

pjvxv �
PO
o¼1

~pjofnplo
� �

s:t:PJ
j¼1

zjujm � um; m¼ 1; ¼ ; M;

PJ
j¼1

zjxjv � xv; v¼ 1; ¼ ; V ;

PJ
j¼1

zjxjf � xjf ; f¼ 1; ¼ ; F;

PJ
j¼1

zjfnplj;o � fnplo; o ¼ 1; ¼ ; O;

PJ
j¼1

zj ¼ 1;

zj ¼ ½0; 1�:

ð4Þ

According to the rationale presented in the preceding
paragraphs, Πnotmanip rjm; pjv; ~pjo

� �
will provide a more

objective profit target for each bank, since the profits yiel-
ded by the (likely) “manipulation” of earnings will be
controlled for in this second program.

Table 4 Estimating loan loss
provisions in Spanish banking,
1997–2010

Dependent variable: LLPi,t

Cross-section Time series

Coefficients t-stat p-value Coefficients t-stat p-value

Intercept 0.0613 1.7971 0.0975 0.0709 2.1042 0.0390

Δnpli,t−2 0.1004 2.7941 0.0162 0.1640 4.5889 0.000

Δnpli,t−1 0.1334 3.3384 0.0059 0.1537 4.3490 0.000

Δnpli,t 0.0421 1.2182 0.2465 0.0068 0.1958 0.8454

Δnpli,t+1 0.0048 0.1280 0.9003 0.0056 0.1607 0.8728

Adj.R2 0.1516 0.3897

7 p-values are computed using Fama-McBeth standard errors.
8 For a short-run cost frontier definition see also Primont (1993).
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The problem of programs (3) and (4) is that potential
outputs and inputs are estimated in order to maximize
profits for the unit under analysis, keeping constant the
corresponding output and input prices. This assumption is
equivalent to considering that prices are determined in
competitive markets, so that firms cannot implement any
strategy to influence market prices, or that local markets can
absorb any level of output without any change in output
prices. This assumption can be strong in the Spanish
banking industry, where recent studies have analyzed the
existence of market power (see, for instance Maudos and
Pérez 2003; Maudos and Fernández de Guevara 2007; Salas
and Saurina 2003). From the theoretical point of view, the
efficiency literature also contains contributions indicating
the problems caused by setting prices in non-fully compe-
titive settings (Camanho and Dyson 2006; Portela and
Thanassoulis 2014; Portela 2014; Tone 2002; Tone and
Tsutsui 2007).

As a way of using our data to confirm the extent to which
banks are oriented towards the maximization of profits in an
imperfect competition setting, we followed the Monopolist
Axiom of Profits Maximization (proposed by Varian 1984)
and, more specifically, the condition of downward sloping
demand function:

ðri � rjÞ:ðui � ujÞ � 0 ð5Þ
After estimating expression (5) for all possible combi-

nations of output quantities and prices for each unit/year,
the results indicated that the condition was not met for more
than 89% of the possible comparisons—i.e. the sign was
negative. This might constitute evidence supporting the
existence of market power, as previously found by Maudos
and Pérez (2003). This would imply that we cannot artifi-
cially deal separately with quantities and prices, implying
that the two previous programs to estimate of the profit
frontier are not applicable.

One way to overcome this limitation is by making the
profit function dependent on the total revenues minus costs,
as in the following expression:

Π ¼ Revenues� Operating costs� Loan loss provisions

¼ PM
m¼1

Rm � PV
v¼1

VCv �
PO
o¼1

LLPo

ð6Þ

where Rm= rmum, VCv= pvxv and LLPo= ponplo.
This serves to define a profit frontier program depending

on the revenues and the costs, by combining feasible
amounts of quantities and prices.

First we will consider model 0, also referred to as the
unconstrained variable profit model, which is defined as

follows:

Π0 FCjf

� � ¼ max z;Rm;VCv ;LLPoð Þ
PM
m¼1

Rm � PV
v¼1

VCv �
PO
o¼1

LLPo

s:t:PJ
j¼1

zjRjm � Rm; m¼ 1; ¼ ; M;

PJ
j¼1

zjVCjv � VCv; v¼ 1; ¼ ; V ;

PJ
j¼1

zjFCjf � FCjf ; f¼ 1; ¼ ; F;

PJ
j¼1

zjLLPjo � LLPo; o ¼ 1; ¼ ; O;

PJ
j¼1

zj ¼ 1;

zj ¼ ½0; 1�:

ð7Þ

From the optimal solution of this program, we can obtain
the optimal revenues (R�

m and subsequently the optimal

values of output prices r�m ¼ PJ
j¼1 z

�
j rjm and physical out-

puts u�m ¼ PJ
j¼1 z

�
j ujm), the optimal values of variable costs

(VC�
v and subsequently the optimal values of variable input

prices p�v ¼
PJ

j¼1 z
�
j pjv and physical variable inputs

x�v ¼
PJ

j¼1 z
�
j xjv), and the optimal values for the loan loss

provisions (LLP�
o and subsequently the optimal values of

loss recognition p�o ¼
PJ

j¼1 z
�
j pjo).

In the second stage, we consider the constrained model
1. Compared with the unconstrained model 0, in model 1
banking firms can influence quantities only, as they are
price-takers. We will refer to this as the price-constrained
variable profit model, according to which we will have:

Π1 rjm; pjv; pjf ; pjo; xjf
� �

¼ max z;um;xvð Þ
PM
m¼1

rjmum � PV
v¼1

pjvxv �
PO
o¼1

pjonplo

� �
s:t:PJ

j¼1
zjujm � um; m¼ 1; ¼ ; M;

PJ
j¼1

zjrjm ¼ rjm; m¼ 1; ¼ ; M;

PJ
j¼1

zjxjv � xv; v¼ 1; ¼ ; V ;

PJ
j¼1

zjpjv ¼ pjv; v¼ 1; ¼ ; V ;

PJ
j¼1

zjxjf � xjf ; f¼ 1; ¼ ; F;

PJ
j¼1

zjpjf ¼ pjf ; f¼ 1; ¼ ; F;

PJ
j¼1

zjnpljo � nplo; o ¼ 1; ¼ ; O;

PJ
j¼1

zjpjo ¼ pjo; o ¼ 1; ¼ ; O;

PJ
j¼1

zj ¼ 1;

zj ¼ ½0; 1�:

ð8Þ
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Finally, we also have model 2, which we will term the
quantity-constrained variable profit model, assuming
that banks can influence output and input prices but not
quantities, according to which:

Π2 ujm; xjv; xjf ; npljo
� �

¼ max z;rm;pv;po;ð Þ
PM
m¼1

rmujm � PV
v¼1

pvxjv �
PO
o¼1

ponpljo

� �
s:t:PJ
j¼1

zjujm ¼ ujm; m¼ 1; ¼ ; M;

PJ
j¼1

zjrjm � rm; m¼ 1; ¼ ; M;

PJ
j¼1

zjxjv ¼ xjv; v¼ 1; ¼ ; V ;

PJ
j¼1

zjpjv � pv; v¼ 1; ¼ ; V ;

PJ
j¼1

zjxjf � xjf ; f¼ 1; ¼ ; F;

PJ
j¼1

zjpjf � pf ; f¼ 1; ¼ ; F;

PJ
j¼1

zjnpljo ¼ nplo; o ¼ 1; ¼ ; O;

PJ
j¼1

zjpjo � po; o ¼ 1; ¼ ; O;

PJ
j¼1

zj ¼ 1;

zj ¼ ½0; 1�:
ð9Þ

As a way to synthesize the characteristics of the proposed
evaluation process, in Fig. 5 we illustrate the three models
defined above. Note that model 0 (unconstrained profit
model) tries to maximize profits by estimating the optimal
level of revenues and operating costs, constrained not to
have more fixed inputs than observed values. This means
that inefficient banks should try to introduce modifications
on both the outputs and operating inputs side, as well as in
the output and the operating input prices in order to rectify
the inefficiencies found. Model 1 assumes that output and
input prices are negotiated in competitive markets, thus
reducing the available options, and estimates the profit
inefficiency due to sub-optimal levels on the outputs and the
operating inputs, keeping constant the respective prices. By
definition, this will produce a lower level of inefficiency
than model 0 or, put the other way round, differences
between models 0 and 1 are due to the rigidity on the prices
side. One can compare model 1 (price-constrained profit
model) with the standard programs of technical efficiency

because, at the end of the day, both programs orient their
assessment to the consideration of quantities. Given this
fact, model 1 will always have a better impact on profits
than standard DEA models, as the radial increase (decrease)
in outputs (inputs) does not mean that their movement
should mechanically improve the level of potential profits.
In contrast, our proposed model 1 allows change in the
output and input mixes in order to improve profits.

From a third perspective, model 2 (quantity-constrained
profit model) estimates the profit frontier by trying to
optimize the corresponding output and operating input pri-
ces, given the observed levels of outputs and operating
inputs. This is the case when, for instance, local markets
restrict levels of activity once a certain limit is reached. In
these circumstances, managers should orient their strategy
to find the optimal levels of output and input prices (and the
optimal level of financial risk) that allow the bank to
improve its net profits. As a result, differences between
model 0 and model 2 are due to the rigidity in the level of
activity; in these circumstances, when the activity level is
not a controlled variable, the consideration of prices and the
risk assumed can drive increased levels of profitability.

4 Data and variables

In this section we provide detailed information on the dif-
ferent magnitudes that constitute banks’ profits, corre-
sponding to total costs, total revenues and loan loss
provisions. In the first two cases, these magnitudes are
obtained by multiplying the different bank inputs and

Fig. 5 Synthesis of the proposed evaluation models
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outputs by their respective prices. This choice is not trivial,
as documented in the literature cited below, although as we
will see, it is often constrained by data availability.
Regarding loan loss provisions, however, although the
procedure is a priori analogous, we are not actually dealing
with either inputs or outputs but rather with what could be
referred to as bad outputs, and defining their corresponding
prices is particularly intricate, and one of the aims of
our study.

4.1 Inputs, outputs and their associated prices

Defining outputs is a complex issue and somewhat con-
troversial, due to the different choices made in different
studies. These difficulties are also related to the distinction
between how to measure bank outputs, and how to define
what it is that banks produce.9 Regarding the latter, the most
widely used approaches to define bank outputs are user cost,
value added and the asset approach (Berger and Humphrey
1992), and scholars have generally tended to prefer the
latter two because of restrictions on the available data (see
also Tortosa-Ausina 2002, 2003; Colangelo and Inklaar
2012).

One of these restrictions concerns the need to use the
accounting information to attach a specific revenue to each
output category, which implies that our choice must be
restricted to two outputs only: loans (representing banks’
traditional lending activities, y1), and other operating
income (which refers to non-lending activities, y2). In
practical terms, this implies we are using a combination of
the asset approach and the value added approach. Each of

these outputs yields a different type of revenue, namely,
interest income (interest income from loans and other
interest income, R1), and other operating income (R2). The
prices corresponding to each output category are obtained
by dividing the corresponding revenues by their associated
outputs (i.e., r1= R1/y1, r2= R2/y2).

In the case of costs, the three specified categories cor-
respond to the cost of funds (total interest expenses, VC1),
the cost of labor (personnel expenses, VC2), and other
operating expenses (FC1). These three cost categories,
however, differ in several characteristics such as whether
they are variable or fixed, which is why we use a different
notation (VC refers to variable costs, FC to fixed costs).
Therefore, their corresponding inputs are variable (loanable
funds, xv1, and number of employees, xv2), and fixed
(physical capital, xf1). The input prices (wv1, wv2 and wv3)
are obtained by dividing each cost category by the corre-
sponding output (wv1= VC1/xv1, wv2= VC2 and wv3=
VC3). All this information is reported in Table 5, where
detailed definitions of outputs, inputs, and their correspon-
dence prices are provided.

4.2 Loan loss provisions

In this study there is an additional difficulty related to the
integration of banks’ risk-taking behavior when measuring
efficiency. As mentioned above, non-performing loans
(NPL) enter the model as bad outputs. Two types of loans
are classified as non-performing: those whose interest or
principal payments are more than 90 days overdue, and
those granted to borrowers in default (regardless of whether
they are overdue or not). As indicated in Section 3.2, we
consider not only a relatively standard model in which non-
performing loans are the bad output and loan loss provisions

Table 5 Definition of costs, revenues, inputs, outputs, and the associated prices

Revenues and costs Outputs and inputs Output and input prices

Revenues, R Definition Output (quantity),
y

Definition Output
price, r

Definition

R1 Interest income (interest
income
from loans+ other interest
income)

y1 Customer loans r1 Price corresponding
to y1

R2 Other operating income y2 Other operating income r2 Price corresponding
to y2

Operating costs, VC,
FC

Definition Input (quantity),
xv, xf

Definition Input price,
wv, wf

Definition

VC1 Total interest expenses xv1 Loanable funds (=financial
capital)

wv1 wv1= VC1/xv1

VC2 Personnel expenses xv2 Number of employees wv2 wv2= VC2/xv2
FC1 Other operating expenses xf1 Fixed assets (=physical

capital)
wf1 wf1= FC1/xf1

9 See, for instance, Fixler and Zieschang (1992), Berger and Hum-
phrey (1992) and Tortosa-Ausina (2002).
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the costs it generates, but also two additional models in
which two expected loan loss provision models are also
studied.

Therefore, as reported in Table 6, which provides defi-
nitions for the loan loss provisions, non-performing loans
and their associated prices, we are considering three models
of the role of loan loss provisions: (i) “manipulated” earn-
ings model (with npl as bad output and LLP as an expen-
diture, and the corresponding price wl1= LLP/npl); (ii)
“non-manipulated” short-run model (with npl as bad output
and LLP+ llp1(predicted) as an expenditure, and the cor-
responding price wl3= (LLP+ llp1(predicted))/npl); and
(iii) “non-manipulated” long-run model (with npl as bad
output and LLP+ llp2 as an expenditure, and the corre-
sponding price wl′3 ¼ ðLLPþ llp2ðpredictedÞÞ=npl).

We selected Spanish banking firms for the 1997–2010
period. Our sample includes both commercial and savings
banks. Inputs and outputs data to estimate efficiency came
from the Fitch-IBCA Bankscope database and from each
firm?s balance sheets and profit and loss account except for
number of employees, which was obtained from the AEB
(Asociación Española de Banca) for commercial banks and
the CECA (Confederación Española de Cajas de Ahorro)
for savings banks; credit risk variables data were taken from
each institution’s yearbook.10, 11 All monetary variables are
expressed in thousands of euros. After removing some
unreliable data such as zero employees, we have a total of

646 observations for consolidated firms and for all sample
years.12 A summary of the different variables (inputs, out-
puts, revenues, costs, loan loss provisions and non-
performing loans) used in the study is reported in Table
5, and summary statistics for all variables are reported in
Table 7.

4.3 Loan loss provisions and earnings management

The empirical evidence on whether banks are using LLPs
for earnings management is mixed.13 We find support for
this claim in the literature for the US case. For instance,
Greenawalt and Sinkey Jr. (1988), in a study of regional
banks and money-centered banks, find the latter to be more
likely to use LLPs for earnings management, whereas for
the former the probability is lower (see also Collins et al.
1995; Ma 1988). A relatively similar result is obtained by
Bhat (1996), who found evidence that the use of LLPs for
earnings management was higher for smaller banks. Evi-
dence also exists for other contexts such as Australia
(Anandarajan et al. 2007), or the Spanish banking industry
analyzed here, for which Pérez et al. (2011) obtain empirical
evidence on the use of loan loss provisions to smooth
earnings—although they do not find evidence of the prac-
tice of capital management.

However, other studies such as Scheiner (1981) and
Wetmore and Brick (1994), among many others, find no
evidence for this relationship. Some studies take a broader
focus, by including several countries in the sample. This is
the case of, for instance, Fonseca and González (2008), who
compare the management of loan loss provisions for banks
of 40 different countries, finding a positive link between
more developed financial systems and earnings

Table 6 Definition of loan loss provisions, non-performing loans and the associated prices

Loan loss
provisions,
LLP

Definition Non-performing
loan (quantity), npl
(bad output)

Definition Non-performing
loan price, r

Definition

LLP Loan loss provisions npl Loan loss
provisions

wl1 Price corresponding to loan
loss provisions npl

LLP+ llp1 LLP+ increase corresponding to the
specific and generic provision

npl Non-
performing loans

wl2 Price corresponding to loan
loss provisions npl

LLP+ llp2 LLP+ increase which also includes
the counter-cyclical provision

npl Non-
performing loans

wl′2 Price corresponding to loan
loss provisions npl

LLP+ llp1
(predicted)

Predicted value for LLP+ llp1 npl Non-
performing loans

wl3 Price corresponding to loan
loss provisions npl

LLP+ llp2
(predicted)

Predicted value for LLP+ llp2 npl Non-
performing loans

wl′3 Price corresponding to loan
loss provisions npl

10 AEB and CECA compile information on commercial banks and
savings banks, respectively, not only balance sheets and profit and loss
accounts but also number of branches, employees, etc. The informa-
tion is publicly available on their respective web pages (https://www.
aebanca.es/ and http://www.ceca.es/).
11 The sample represents more than 90% of the commercial and
savings banks’ total assets. However, in terms of firms, the sample is
smaller because information on nonperforming loans is not publicly
available and had to be compiled manually from the institutions
yearbooks, which were not available for all banks and all years.

12 Commercial and savings banks prepared the same public balance
sheet before 2005. Since 2005, when IFRS rules were introduced, the
new public balance sheets are also the same for both types of
institutions.
13 We thank one of the anonymous referees for this observation.
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management. The cross-country study by Bouvatier and
Lepetit (2008) focused on European banks only, concluding
that non-discretionary LLPs increased credit fluctuations,
whereas discretionary LLPs—motivated by management
objectives—had no impact on credit fluctuations.

Other studies have dealt more explicitly with the issue of
International Financial Reporting Standards (IFRS) imple-
mentation. This include, for instance, Leventis et al. (2011)
and Curcio and Hasan (2015), who found evidence that the
practice of using LLPs for earnings management fell sig-
nificantly after 2005 as a result of IFRS implementation.
Before 2005, when all listed companies in the European
Union (EU) were required to comply with IFRS, the public
information disclosed by Spanish commercial and savings
banks (balance sheet and profit and loss account) was
structured very differently to that reported after 2005. This
information was taken from CECA and AEB, which
therefore report different balance sheets and profit and loss
accounts for years before and after 2005. In contrast,
Bankscope-Fitch provides a homogeneous balance sheet
and profit and loss account to make comparisons easier,
even if this comes at the cost of less detailed information.
All these different balance sheet and profit and loss
accounts differ remarkably from the information these
institutions report to the Bank of Spain, which is obviously
much more detailed (to the point that there is information
for each loan Jiménez et al. 2014). This is therefore con-
fidential information that all commercial banks and savings
banks must disclose to the Bank of Spain, and which is the
same for all of them, regardless of whether they are listed
or not.

Unfortunately, no studies have dealt specifically with
IFRS/GAAP (Generally Accepted Accounting Principles)
in Spanish banking. Some authors have examined the issue
of IFRS/GAAP for EU listed banks (Curcio and Hasan
2015; Leventis et al. 2011), whereas others look at the
specific case of Spain for listed firms (Callao et al. 2007).
However, in the studies on the Spanish case, financial
institutions were explicitly excluded from the analysis
(Callao et al. 2007). More research is therefore needed and
welcome in this specific field.

5 Results

Results can be explored from multiple perspectives. Taking
into account the rationale presented in the preceding sec-
tions, we will consider four of them: (i) results for the
manipulated and non-manipulated model (either static or
dynamic); (ii) results for the different types of banks con-
sidered (commercial banks, savings banks, or all banks);
(iii) results for all years, pre-crisis and crisis years; (iv) and
results for efficient vs. inefficient banks. All these results areTa
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reported in Tables 8–10, which include both summary sta-
tistics (mean and standard deviation) for all banking firms
and also specific results for the inefficient firms only (as
well as the percentage of inefficient banks).

Each Tables 8–10 refers to the three periods and sub-
periods considered (all, pre-crisis, and crisis years). The
different rows in each panel report results according to
either manipulated or non-manipulated models, as well as
considering the different types of firms—all banks, com-
mercial banks, and savings banks. Finally, the columns in
each table report results for both efficient and inefficient
units, as well as the percentage of efficient firms.

According to the market prices, we are trying to improve
profits through the changes in the quantities of inputs and

outputs. Our case differs from existing standard models
(Färe et al. 1994) in that prices appear in the restrictions but
they are not considered in the alternative definition, and
efforts therefore focus on the physical quantities in order to
maximize profits. In other words, the standard proposal
(Färe et al. 1994) is appropriate when competitive markets
exist, driving banking firms to be price-takers. When
imperfect markets exist, though (as in the Spanish banking
sector), our proposed models (unconstrained, price-con-
strained, and quantity-constrained) contribute to disentangle
the extent to which profit inefficiencies are caused by
imperfect amounts of quantities or by sub-optimal output
and input prices. However, we stick to the unconstrained
model to simplify the presentation of results.

Table 8 Evaluation of profit efficiency, all years (1997–2010)

Unconstrained profit model

All banks Inefficient banks % efficient

Mean Std.dev. Mean Std.dev.

Manipulated earnings model All banks 1.5083 1.7957 1.9644 1.8176 19.1950

Commercial banks 0.4921 0.9739 0.9994 1.1933 41.6244

Savings banks 1.9541 1.8906 2.1990 1.8664 9.3541

Gap commercial banks–savings banks –1.4620 –1.1996

Non-manipulated short-run model All banks 1.4790 1.7384 1.8845 1.7569 16.7183

Commercial banks 0.4743 0.9697 0.8984 1.1851 37.5635

Savings banks 1.9198 1.8169 2.1390 1.7913 7.5724

Gap commercial banks–savings banks –1.4455 –1.2406

Non-manipulated long-run model All banks 1.4888 1.7461 1.8896 1.7641 16.5635

Commercial banks 0.4812 0.9718 0.9029 1.1814 37.0558

Savings banks 1.9309 1.8259 2.1460 1.8009 7.5724

Gap commercial banks–savings banks –1.4497 –1.2431

This table reports the results corresponding to the loss of profits due to inefficiency, in ROA terms, and in percentage (%). Results have been
obtained solving linear programming problem (4). Higher values should be interpreted as more inefficiency. Results are obtained for each separate
year, but they are reported jointly for the entire 1997–2010 period

Table 9 Evaluation of profit efficiency, pre-crisis years (1997–2007)

Unconstrained profit model

All banks Inefficient banks % efficient

Mean Std.dev. Mean Std.dev.

Manipulated earnings model All banks 1.4804 1.7012 1.8842 1.7096 17.60

Commercial banks 0.4889 0.9322 0.9722 1.1237 40.00

Savings banks 1.9153 1.7790 2.1053 1.7546 7.77

Gap commercial banks–savings banks –1.4264 –1.1331

Non-manipulated short-run model All banks 1.4633 1.6648 1.8141 1.6732 15.16

Commercial banks 0.4671 0.9183 0.8605 1.1041 35.43

Savings banks 1.9002 1.7303 2.0603 1.7077 6.27

Gap commercial banks–savings banks –1.4331 –1.1998

Non-manipulated long-run model All banks 1.4735 1.6716 1.8189 1.6796 14.81

Commercial banks 0.4753 0.9258 0.8756 1.1101 35.43

Savings banks 1.9113 1.7372 2.0611 1.7163 5.76

Gap commercial banks–savings banks –1.4360 –1.1855

This table reports the results corresponding to the loss of profits due to inefficiency, in ROA terms, and in percentage (%). Results have been
obtained solving linear programming problem (4). Higher values should be interpreted as more inefficiency. Results are obtained for each separate
year, but they are reported jointly for the 1997–2007 pre-crisis period
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If we consider the decomposition by bank type (com-
mercial banks or savings banks) according to their behavior
as reported in the different rows in each table, remarkable
differences are observed. This result is robust across all the
models and sub-periods considered, although in some cases
the differences are particularly noteworthy.

There may be multiple explanations for this result; the
bank ownership and efficiency literature (Altunbaş et al.
2001), as well as the broader literature on bank ownership
(La Porta et al. 2002) have forcefully argued the potential
relevance of ownership for banks’ performance. In the case
of Spanish banking, and in the particular case of savings
banks, Illueca et al. (2013) contend that the political ties of
certain board members might have affected the decision-
making process in those firms (see also Crespí et al. 2004).
More specifically, the likely sources for initial inquiry into
savings banks’ efforts to maximize profits include the
political motives of boards with strong political ties, the
inefficiencies derived from an absence of market for cor-
porate control, social corporate responsibility issues, or the
cost of the geographic expansions carried out by these firms
over more than 15 years.

The mix of these different but related effects (particularly
the last one) might have had quite a strong effect on the
ability of savings banks to optimize their profits, driving
their comparatively lower performance shown in Table 8.
Before savings banks began to expand outside their home
regions (starting in 1989), their business model consisted of
trading relatively simple banking products and services, and
expanding moderately, which was enough to generate
equity via profits. Once the territorial expansions started,
traditional banking business models were insufficient to
deal with the increased operating costs brought about by a

much denser branching network (the number of savings
bank branches more than doubled between 1988 and 2008,
see Table 3). In addition to this, expanding into new mar-
kets sometimes also implied increased exposure to loan
default, because of new customers with a lower record of
repeated interaction (Ongena and Smith 2000), as well as
concentration in a limited number of sectors.

These and related issues have been analyzed in detail in
Crespí et al. (2004), García-Cestona and Surroca (2008),
Prior and Surroca (2006), Surroca and García-Cestona
(2006), Illueca et al. (2009) and Illueca et al. (2013), among
others. Further insights, although from a more general
perspective, can be found in the report published by the
Bank of Spain (Banco de España 2017), which offers a
thorough analysis of how the 2007/08 international financial
crisis affected the Spanish banking industry, and the sub-
sequent regulatory, supervisory and control measures
adopted during the 2008–2014 period.

Tables 9 and 10 extend the analysis in Table 8 to the two
sub-periods considered, i.e. pre-crisis (1997–2007) and
crisis years (2008–2010), respectively. It is apparent that
regardless of the model considered (manipulated or non-
manipulated earnings model, short-run model or long-run
model), the differences between commercial banks and
savings banks are robust to the period considered. In fact,
during the crisis years period analyzed (Table 10), the gap
between the two types of banking firms widened.

However, this is an average result that might have been
driven by the behavior of the most inefficient banking firms
since, as shown in columns 3 and 4 in Table 10, not only
did their performance worsen substantially, but when
commercial and savings banks are compared the gap widens
considerably. This trend holds for all three models

Table 10 Evaluation of profit efficiency, crisis years (2008–2010)

Unconstrained profit model

All banks Inefficient banks % efficient

Mean Std.dev. Mean Std.dev.

Manipulated earnings model All banks 1.7301 2.4247 2.7682 2.5589 31.94

Commercial banks 0.5180 1.2851 1.2663 1.8080 54.55

Savings banks 2.2634 2.6194 3.1436 2.5999 22.00

Gap commercial banks–savings banks –1.7454 –1.8773

Non-manipulated short-run model All banks 1.6044 2.2513 2.6254 2.3719 29.17

Commercial banks 0.5311 1.3358 1.2983 1.8877 54.55

Savings banks 2.0766 2.4155 2.9666 2.3855 18.00

Gap commercial banks–savings banks –1.5455 –1.6683

Non-manipulated long-run model All banks 1.6112 2.2645 2.6364 2.3877 30.56

Commercial banks 0.5280 1.3082 1.1617 1.7820 50.00

Savings banks 2.0877 2.4369 3.0702 2.3895 22.00

Gap commercial banks–savings banks –1.5597 –1.9085

This table reports the results corresponding to the loss of profits due to inefficiency, in ROA terms, and in percentage (%). Results have been
obtained solving linear programming problem (4). Higher values should be interpreted as more inefficiency. Results are obtained for each separate
year, but they are reported jointly for the 2008–2010 crisis period
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considered (none of them takes prices into account), and
might be multiple, but could be largely related to the critical
impact of the 2007/08 crisis on some institutions, particu-
larly the most vulnerable, and the ensuing bank restructur-
ing process.

5.1 Manipulated vs. non-manipulated models

As indicated above, Tables 8–10 also provide information
split according to the way we control for risk, i.e. the
manipulated earnings and the non-manipulated model—
either short- or long-run. Several features emerge, notably
that the differences among the three models are, in general,
modest. Although specific statistical tests were conducted to
analyze whether these differences are significant or not, the
magnitude of the differences across the three types of
models according to the way risk is controlled for is rela-
tively limited compared with the differences found across
types of institutions or time periods.

These differences are, on average, particularly low when
considering the entire period (Table 8) and the pre-crisis
years (Table 9). The trend holds, in general, when con-
sidering all banks, commercial banks and savings banks. It
is particularly notable for savings banks during the pre-
crisis period (Table 9), whose means are 1.9153, 1.9002 and
1.9113 for the manipulated earnings, non-manipulated
short-run, and non-manipulated long-run model, respec-
tively. In the case of commercial banks, and considering all
banking firms jointly, the magnitude of the discrepancies is
also moderate.

The differences are only found to be slightly higher in
the crisis period (Table 10). This trend is basically driven by
savings banks which, contrary to what one might expect, are
actually more inefficient in the case of the manipulated
earnings model—the average is 2.2634 compared to 2.0766
and 2.0877 in the case of the short- and long-run non-
manipulated models. In the case of commercial banks,
results are very similar for the different models regarding
the period considered, although some subtle differences
emerge. For instance, when examining the behavior of
inefficient banks only, discrepancies are found to be larger
when the short-run and the long-run non-manipulated
models are compared (1.2983 and 1.1617, respectively, see
Table 10). However, differences from the manipulated
earnings model are modest in all cases.

Therefore, in these estimations the manipulation of the
accounting variables (both short-run and long-run models)
does not change the overall picture. This outcome might be
the result of two very different scenarios. First, on average,
the manipulation of the accounting variables has a limited
impact on the levels of profit efficiency. This does not imply
that the worst performers would probably have incentives to
manipulate their accounts, but this behavior does not have

significant results on the averages corresponding to the
entire sector. Second, it could be the case that when
manipulation of the accounting information is notable, we
do not perceive any bias on the part of the “manipulators”,
as similar procedures are being considered by both the
efficient and inefficient institutions. More work will be
needed in the near future to disentangle this issue, taking
into account the results yielded by the different models
presented in Section 3, as well as more recent data—if
possible.

5.2 Analyzing the significance of the differences
found

We can also formally test the statistical significance of
differences between the results reported in Tables 8–10. The
results in these tables provide summary statistics on the
results for the different profit models under consideration. In
some cases (especially when comparing commercial banks
with savings banks, or results for different time periods) the
differences were noteworthy. In others (especially when
comparing the different ways to control for risk) the dif-
ferences were negligible. We did not formally test for those
differences in either case, however.

We could follow authors such as Li (1996, 1999) or Fan
and Ullah (1999), who proposed nonparametric tests to
compare two unknown distributions that we may refer to as
f(x) and g(x). Thus, we would be testing the null hypothesis
that H0:f(⋅)= g(⋅) against the alternative H1:f(x) ≠ g(x). In
our particular case, these f(x) vs. g(x) comparisons would
refer to the variety of models and contexts present inin
Tables 8–10. Specifically, we consider two types of com-
parisons of distributions, namely, contextual and across
models. In the former we refer to f(x) and g(x) distin-
guishing between commercial banks and savings banks, or
between pre-crisis and crisis years. In the latter, we refer to f
(x) and g(x) distinguishing between the range of models
considered.

Tables 11 and 12 show the results for the contextual and
across models comparisons, respectively. One of the main
advantages of the proposals by Li (1996, 1999), or Fan and
Ullah (1999), is that they do not actually test for differences
between some summary statistics of the distributions of
interest but for the entire distributions themselves, using
kernel methods. The shape of these distributions is depicted
in Figs. 6 and 7. The results on the differences observed
among the different densities depicted in the two figures are
reported in Tables 11 and 12.

In general, the results in Tables 11 and 12 generally cor-
roborate the findings presented in the preceding subsections.
When comparing results for commercial banks vs. savings
banks (upper panel in Table 11) the differences are statisti-
cally significant when considering both the entire period and

Journal of Productivity Analysis (2019) 51:153–174 169



the pre-crisis years. However, the differences are only sig-
nificant during the crisis years at the 5% significance level—
with the exception of the non-manipulated short-run model,
for which they are also significant at the 1% level. In the
lower panel of Table 11, results indicate whether the

differences are significant when comparing the results for the
pre-crisis and crisis years. These results are strongly sig-
nificant, but not for commercial banks, implying that the
significance is driven exclusively by savings banks’ behavior.
This result is robust across all the models considered.

Table 11 Distribution hypothesis tests (Li 1996), context

Unconstrained profit model

Manipulated earnings
model

Non-manipulated
short-run model

Non-manipulated
long-run model

f(Commercialbanks)= g(Savingsbanks) All years T-statistic 53.7626 56.8486 55.8830

p-value 0.0000 0.0000 0.0000

Pre-crisis T-statistic 52.3805 55.6621 55.8001

p-value 0.0000 0.0000 0.0000

Crisis T-statistic 2.0644 2.5733 1.9475

p-value 0.0195 0.0050 0.0257

f(Pre-crisis)= g(Crisisyears) All banks T-statistic 5.1122 5.3177 5.9727

p-value 0.0000 0.0000 0.0000

Commercial banks T-statistic –0.5661 –0.3095 –0.2298

p-value 0.7143 0.6215 0.5909

Savings banks T-statistic 6.9280 7.6224 8.6793

p-value 0.0000 0.0000 0.0000

Notes: the functions f(⋅) and g(⋅) are (kernel) distribution functions for each model being compared

Table 12 Distribution hypothesis tests (Li 1996), model

T-statistic,
p-value

All years Pre-crisis years Crisis years

All
banks

Commercial
banks

Savings
banks

All
banks

Commercial
banks

Savings
banks

All
banks

Commercial
banks

Savings
banks

Unconstrained
profit model

f(Manipulatedearningsmodel)= g(Non-
manipulatedshort-runmodel)

T-statistic –0.0522 –0.1502 0.0988 0.0304 –0.1827 0.1175 –0.2668 –0.1543 –0.1211

p-value 0.5208 0.5597 0.4607 0.4879 0.5725 0.4532 0.6052 0.5613 0.5482

f(Manipulatedearningsmodel)= g(Non-
manipulatedlong-runmodel)

T-statistic 0.1513 –0.1318 0.1787 0.1981 –0.1202 0.2171 –0.2575 –0.1201 –0.1461

p-value 0.4399 0.5524 0.4291 0.4215 0.5478 0.4141 0.6016 0.5478 0.5581

Notes: the functions f(⋅) and g(⋅) are (kernel) distribution functions for each model being compared

Fig. 6 Kernel density plots, unconstrained, price-constrained and quantity-constrained profit models, by risk model
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Table 12 provides results on formal testing for the dif-
ferences across models. Results indicate that the differences
are never significant when comparing the different ways to
control or, more properly, when comparing the manipulated
earnings model with the non-manipulated earnings model—
either short- or long-run. The bivariate kernel density
functions, in which the different variables considered are the
results for the different models, strongly corroborate this
finding, as probability mass concentrates tightly along the
45-degree main diagonal (see Fig. 8).14 Both Table 12 and
Fig. 8 provide statistical support for the comments made in
the preceding subsection.

6 Conclusions

For more than three decades now the analysis of the effi-
ciency and productivity of financial institutions has received
a great deal of attention. The number and relevance of the
contributions in the field have grown steadily, yielding a
huge literature in which studies are not always easy to
compare due to the use of different methodologies, models
to measure bank activities, samples and contexts.

The magnitude and length of the international financial
crisis and the challenges faced by the banking industry
(such as the increasing relevance of digital banking, Fin-
Tech, or the low interest rates in major financial markets)
have granted a new perspective on the available evidence,
providing different weightings to the aspects dealt with by
this relevant literature. Among these aspects, a significant

Fig. 7 Kernel density plots, unconstrained, price-constrained and quantity-constrained profit models, by type of bank
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14 If results differed across models probability mass would shift
clockwise.
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hindrance to progress in the field has been the difficulties of
bank production and intermediation models, as well as
definitions of inputs and outputs (and their associated pri-
ces) to measure banks’ activities—in particular, when tak-
ing credit risk into account.

Some relatively recent contributions shown a deep
interest on defining with care banks inputs and, more
importantly (due to the difficulties in their measurement),
outputs, among which we may highlight those by Basu et al.
(2011), Colangelo and Inklaar (2012) or Diewert et al.
(2012). In this article, we extend this relevant literature,
although with more modest aims due to data limitations, to
the specific analysis of how controlling for risk may influ-
ence the analysis of financial institutions’ performance.

Controlling for risk is actually a strong limitation shown
by most studies of financial institutions performance,
mostly due to lack of data, and we try to fill this gap in the
literature providing a painstaking comparison of the results
yielded by different earnings management models, namely,
a naive model in which bank managers can “manipulate”
the results to those provided by two accounting models in
which loan loss provisions are estimated in the first stage
and then, in the second stage, plugged-in into the profit
model. In this respect, a more modest contribution of the
paper has been to consider a profit model in which banks
can set prices non-competitively.

The context of analysis is the Spanish banking industry,
which we consider particularly interesting for a variety of
reasons, including its size in the European context, how it
was affected by the 2007/08 financial crisis (in particular
savings banks), and the ensuing restructuring process which
is not over yet in some aspects (such as mergers or re-sizing
of the branching network). It is also an attractive setting due
to the Bank of Spain anticyclical provisioning regime (put
into place in July 2000), which we have partly attempted to
model in our study.

Results are explored from several perspectives. In
general, they indicate that results for the models in which
managers can “manipulate” more easily vs. those earnings
model in which this practice is not contemplated do not
show substantial differences—following some nonpara-
metric tests, the differences found were never statistically
significant. In contrast, these differences were strong
when comparing commercial banks and savings banks, or
when comparing results for either the pre-crisis or crisis
years.

Reasons explaining this behavior may be multiple, but
they could be partly related to the restructuring which has
strongly reshaped the Spanish banking industry since most
savings banks have ultimately been transformed into proper
commercial banks—including the type of ownership. Other
important issues such as the geographic contraction policies
in which most savings banks are now engaged, as well as

the renewed membership of savings banks’ boards of
directors (with fewer political affiliations) might have also
contributed to boosting convergence between commercial
banks and savings banks.
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