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a b s t r a c t

This study aims to investigate the cost efficiency of Turkish commercial banks over the restructuring
period of the Turkish banking system, which coincides with the 2008 financial global crisis and the 2010
European sovereign debt crisis. To this end, within the stochastic frontier framework, we employ true
fixed effects model, where the unobserved bank heterogeneity is integrated in the inefficiency distri-
bution at a mean level. To select the cost function with the most appropriate inefficiency correlates, we
first adopt a search algorithm and then utilize the model averaging approach to verify that our results are
not exposed to model selection bias. Overall, our empirical results reveal that cost efficiencies of Turkish
banks have improved over time, with the effects of the 2008 and 2010 crises remaining rather limited.
Furthermore, not only the cost efficiency scores but also impacts of the crises on those scores appear to
vary with regard to bank size and ownership structure, in accordance with much of the existing
literature.
© 2016 Central Bank of The Republic of Turkey. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A stable and efficient banking system is quite important for
economic growth and welfare especially for emerging countries
like Turkey where the banking sector is the backbone of the
economy. The banking system in Turkey has experienced a funda-
mental change due to the far-reaching reforms implemented in the
aftermath of the 2001 local financial crisis. The year of 2001 could
well be named as a milestone for the Turkish banking sector. In that
year, the banking sector faced with a very deep and devastating
crisis and a substantial increase in the non-performing loans due to
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the skyrocketed interest and exchange rates, inadequate level of
funding, maturity mismatch, insufficient risk management prac-
tices and bad governance. Subsequent to the 2001 financial crisis, a
comprehensive restructuring program was implemented with the
aims of strengthening state and private banks, solving the problems
of troubled banks, addressing regularity and supervisory de-
ficiencies and improving efficiency. With the gradual imple-
mentation of the reform package, the Turkish banking sector
experienced a rapid and stable financial deepening process during
2002e2007. More recently, the Turkish economy was severely
affected by the 2008 global crisis similar to all other emerging
economies. The banking sector however, was relatively less affected
compared to the banking sectors inmany other emerging countries,
which was owed to the reforms adopted successfully after the 2001
crisis to strength the Turkish banking system.

In this context, this study aims to measure the efficiency of
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Table 1
Summary of the literature review on bank efficiency in emerging markets.

Author(s) Country Data sample Functional
form

Methodology Efficiency Average
efficiency

Poghosyan and
Kumbhakar (2010)

AL, AM, AZ, BG, BY, CZ, EE, GE, HR, HU, KZ, LT, LV,
MD, PL, RO, RU, SI, SK, UA

681 Banks, 1993e2004 Translog SFA Cost
efficiency

0.69

Du and Girma (2011) CN 14 Banks, 1995e2001 Translog SFA Cost
inefficiency

1.30e1.56

Williams (2012) AR, BR, CL, MX 419 Banks, 1985e2010 Translog SFA Cost
efficiency

0.77

Profit
efficiency

0.50

Kumbhakar and
Wang (2007)

CN 14 Banks, 1993e2002 Translog SFA Technical
efficiency

0.47e0.90

Manlagnit (2011) PH 31 Banks, 1990e2006 Translog SFA Cost
inefficiency

1.25

Kasman and Yildirim
(2006)

CZ, EE, HU, LV, LT, PL, SK, SI 190 Banks, 1995e2002 Fourier
Flexible

SFA Cost
efficiency

0.20

Profit
efficiency

0.36

Kumbhakar and
Peresetsky (2013)

KZ, RU 94 Banks, 2002e2006 Translog SFA Cost
efficiency

0.82e0.83

Demir et al. (2005) TR 43 Banks, 1995e1998 Translog SFA Cost
efficiency

0.70e0.87

Yildirim (2002) TR 38 to 59 Banks, 1988e1999 e DEA Technical
efficiency

0.89

Denizer et al. (2007) TR 29 to 53 Banks, 1970e1994 e DEA Technical
efficiency

0.50e0.86

Ozkan-Gunay (2012) TR 29 Banks, 2002e2009 e DEA Technical
efficiency

0.70

Fukuyama and
Matousek (2011)

TR 25 Banks, 1991e2007 e Two-stage
network

Cost
efficiency

0.55

Technical
efficiency

0.65

Allocative
efficiency

0.83

Isik and Hassan
(2002)

TR 36 Banks 1988e1988, 50 Banks 1992
e1992, 53 Banks 1996e1996

e DEA, SFA Cost
efficiency

0.72e0.89

Profit
efficiency

0.83

Kasman (2002) TR 48 Banks, 1988e1998 Fourier
Flexible

SFA Cost
inefficiency

0.23

Assaf et al. (2013) TR 45 Banks, 2002e2010 Translog Bayesian Technical
efficiency

0.78

Zaim (1995) TR 39 Banks, 1981e1981; 56 Banks, 1990
e1990

e DEA Technical
efficiency

0.82e0.92

El-Gamal and
Inanoglu (2005)

TR 53 Banks, 1990e2000 Translog Estimation -
Classification

Cost
inefficiency

2.28

Notes: SFA Stochastic Frontier Approach, DEA Data envelopment Analysis, AL Albania, AM Armenia, AR Argentina, AZ Azerbaijan, BG Bulgaria, BY Bosnia and Herzegovina, BR
Brazil, CL Chile, CN China, CZ Czech Republic, EE Estonia, GE Georgia, HR Croatia, HU Hungary, ID Indonesia, KZ Kazakhstan, LT Lithuania, LV Latvia, MX Mexico, MD Moldova,
MK Macedonia, PH Philippines, PL Poland, RO Romania, RU Russia, SI Slovenia, SK Slovakia, TR Turkey, UA Ukraine.
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Turkish commercial banks. Although the efficiency of the banking
system has been analysed in numerous studies for developed
countries, the literature on the efficiency of the banking sector in
emerging countries is relatively thin, as summarized in Table 1.1

When examining the literature for Turkey, it appears that the
studies focus essentially on the evolution of bank efficiencies
following the financial liberalization that took place in the late
1980s, the restructuring program adopted in 2001 and the 2008
global financial crisis. The conclusions, however, are not unani-
mous. For instance, while Zaim (1995) and Ertugrul and Zaim
(1999) and Demir et al. (2005) reveal that the financial liberaliza-
tion led to an increase in the efficiency of Turkish banks, Yildirim
(2002), Denizer et al. (2007), Isik and Hassan (2002) and Kasman
(2002) observe that the liberalization did not provide the antici-
pated efficiency gains in Turkish banks. More recently, the studies
by Fukuyama and Matousek (2011), Ozkan-Gunay (2012) and Assaf
et al. (2013) investigate the effect of the restructuring program
1 See Erkoc (2012) for a detailed discussion of the efficiency literature and the
existing estimation methodologies.
adopted in 2001 on the Turkish banking system. Fukuyama and
Matousek (2011) find that the restructuring program has a posi-
tive effect on bank efficiency over the period 2001e2004, though a
gradual decline is observed after 2004 when the restructuring re-
forms are formally ended. Unlike Fukuyama and Matousek (2011),
Ozkan-Gunay (2012) reveal a substantial and more importantly a
gradual improvement in the bank efficiency following the
restructuring program. The analysis of Assaf et al. (2013), on the
other hand, indicates a decline in the efficiency of Turkish banks
over the period 2002e2010. Furthermore, it is seen that the annual
decline in efficiency becomes more prominent in 2009 and 2010
due to the 2008 global financial crisis.

Our study aims to measure the cost efficiency of 22 Turkish
commercial banks over the period of 2003Q1-2015Q3. The use of
the longest time period allowed by data availability is important to
observe the temporal movement of the efficiency of Turkish banks.
More specifically, with our data we will be able to provide a long-
term empirical assessment of the effectiveness of the restructur-
ing reforms implemented after the 2001 crisis, which remains
controversial in the empirical literature. Moreover, although it is
partially investigated by Assaf et al. (2013) over the sample
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2002e2010, extension of the sample period to 2015 enables us
further to attain more reliable inference on how the 2008 global
financial crisis has affected the efficiency of Turkish banks. As
underlined by Assaf et al. (2013), the time period they examined is
not long enough to propose direct conclusions about the impact of
the crisis and future stability of the banking sector. Finally, our
dataset allows us to investigate the impacts of the 2010 European
sovereign debt crisis on the efficiency of Turkish banks, which has
not been examined so far to the best of our knowledge.

Methodologically, unlike the previous studies for Turkey, we
employ the true fixed effects model of Greene (2005), where the
unobserved bank heterogeneity is embedded in the inefficiency
distribution at a mean level. Moreover, being aware of the fact that
the efficiency analysis could be quite sensitive to the choice of the
inefficiency determinants, we adopt an exhaustive search algo-
rithm to specify the cost frontier function with the most appro-
priate inefficiency correlates. Furthermore, to circumvent any
possible problems, including the model uncertainty and omitted
variable biases that may arise from relying on only the single (best)
model, we perform the model-averaging approach of Huang and
Lai (2012).

The rest of the paper is organized as follows. Chapter 2 provides
an overview of the Turkish banking sector. Chapter 3 discusses the
econometric methodology and Chapter 4 describes the data.
Empirical findings are discussed in Chapter 5 and finally Chapter 6
concludes the study.

2. A brief overview of the Turkish banking sector

In the last two decades, the Turkish economy has witnessed
several financial crises that were caused mainly by poor macro-
economic conditions and a fragile banking system. 1990s were the
starting era of structural problems in the banking system, which
had experienced legal, structural and institutional changes with the
financial liberalization program adopted in 1980s. In the early
1980s the Turkish government launched a liberalization program
that aimed to deregulate the banking system and eliminate re-
strictions regarding market entry and interest rates. As expected,
the launched program increased the competition with the entries
of new domestic and foreign banks, which in turn led to a wide
variety of banking services, including capital market operations,
purchase of government debt securities and Treasury bonds.

In 1990s, banks decreased the amount of traditional banking
activities in their portfolios and started to invest more and more in
risk free government debt instruments. In other words, the banking
sector became the main instrument of government financing by
transferring short-term borrowing from domestic and foreign de-
positors and investors to the government (Akın et al., 2009). High
government debt with low levels of maturity eventually led to an
environment characterized by high levels of inflation and real in-
terest rates. Increasing risks in the financial system lowered the
average maturity of savings and triggered excessively high loan
interest rates. The economic and financial conditions deteriorated
further due to domestic political instabilities and the Asian and
Russian crises in 1997 and 1998, which lowered capital inflows and
international borrowing opportunities. Hence, due to inadequate
level of funding, maturity mismatch, high amount of nonper-
forming loans, insufficient risk management practices and bad
governance, the Turkish banking system experienced a systemic
crisis which reached its peak in 2001. With the 2001 crisis, several
banks went bankrupt and transferred to the Saving Deposits In-
surance Fund (SDIF), the Turkish financial market ceased to func-
tion and the economy contracted drastically.

After the 2001 crisis many reforms were implemented in a
timely manner by the Turkish authorities to retrain the impact of
the crisis on the structure of the economy and to drive the economy
into a more sound and stable pattern in the long term. The bank
restructuring program initiated by the Banking Regulation and
Supervision Agency was the vital part of these reforms. The pro-
gram rested on four main pillars: financial restructuring of the state
banks, implementation of measures to facilitate the participation of
the private capital to strength the private banking system, prompt
resolution of the SDIF banks and taking measures for prudential
regulation and supervision of the banking sector. With this pro-
gram substantial achievements were made in the Turkish banking
system. More specifically, short-term liabilities of the state banks
were terminated and they were reinforced through mergers and
privatized, some privately owned banks were provided with capital
support, SDIF banks were liquidated and merged with or trans-
ferred to another bank. This new regulations scheme culminated
into a low inflationary environment with low market interest rates
and high rate of economic growth. Following this restructuring
process, the Turkish banking system showed a rapid growth per-
formance during the period 2002e2008.

In 2008, the subprimemortgage crisis hit the real economy of all
countries around the world and led to a severe global recession.
Due to its integration with the world economy and dependency on
the external market, the Turkish economy was also severely
affected by the 2008 global crisis. The financial position of Turkish
banks, however, has not deteriorated to the same extent as was the
case with banks in other emerging economies. This was mainly due
to the comprehensive reforms adopted successfully after the 2001
crisis (Aysan and Ermisoglu, 2013b). Nevertheless, some negative
effects of the global financial crisis were observed in the banking
system in Turkey. Following the 2008 global crisis, concerns on the
high default rates led to an increase in the cost of international
funds for banks, which in turn caused a reduction in the credit
supply. Meanwhile, the slowdown of the economic activity resulted
in a fall in the demand for loans. Overall, the banking sector has
faced with a substantial decrease in the credit growth, deteriora-
tion in asset quality and an increase in non-performing loans. The
extraordinary measures taken abroad and in Turkey restored the
confidence in the financial markets. Subsequently, the deteriora-
tion in the nonperforming loans stopped and the asset quality of
the banking sector improved.

The 2008 global crisis evolved into a debt crisis in Europe with
accumulation of external debts of governments to rescue troubled
banks that had invested heavily in the US mortgage market. The
crisis started in Greece where the sovereign debt burden became
unsustainable and then spread to other member countries. Turkey
was affected by the 2010 European debt crisis mainly through the
trade channel as its major trade partners are EU countries. For the
Turkish banking system, however, the effects of the crisis remained
rather limited due to the lessons learned from the 2001 financial
crisis and having relatively weaker financial ties to Europe
compared to those of Eastern and Central Europe countries due to
the low share of foreigners in the Turkish banking sector (Aysan
and Ermisoglu, 2013a).

3. Methodology

This chapter describes the stochastic frontier approachwe adopt
to measure the cost efficiency of Turkish banks. As such, we utilize
the commonly used cost function approach due to outputs in the
banking sector being exogenous (demand determined) and not
storable. Furthermore, as underlined by Kumbhakar and Lovell
(2000), the cost function approach enables us to handle with the
multiple outputs problem in measuring efficiency. The stochastic
cost frontier function, introduced by Aigner et al. (1977) and
Meeusen and van den Broeck (1977), can be expressed as:



H. Gunes, D. Yildirim / Central Bank Review 16 (2016) 127e136130
Cit ¼ Cðyit ;wit ; bÞexpðuitÞexpðvitÞ (1)

where Cit is the total cost of the bank i ði ¼ 1;2…;NÞ in the period t
ðt ¼ 1;2…; TÞ, yit represents its output, wit is a vector of input pri-
ces, b is a vector of parameters, uit is the non-negative error term
representing inefficiency and vit is the i.i.d Nð0; s2v Þ random errors
being independently distributed of uit and standing for measure-
ment errors and exogenous random shocks received by the cost
function. Under this methodology, a bank is considered as ineffi-
cient if its costs are higher than those of an efficient bank producing
the same output under the same existing conditions.

The literature offers several different approaches to model the
ln
�

Cit
w2it

�
¼ b0 þ

X
j

bj ln yjit þ
X
k

ak ln
�
wkit

w2it

�
þ 1
2

X
j

X
l

djl ln yjit ln ylit þ
1
2

X
k

X
p

fkp ln
�
wkit

w2it

�

þ1
2

X
j

X
k

fjk ln yjit ln
�
wkit

w2it

�
þ j1 ln qit þ

1
2
j2 ln q2it þ

X
j

j3j ln yjit ln qit

þP
k
j4k ln

�
wkit

w2it

�
ln qit þ q1t þ q2t

2 þ
X
j

q3j ln yjitt þ
X
k

q4k ln
�
wkit

w2it

�
t þ q5 ln qitt þ uit þ vit

(4)
non-negative inefficiency component uit . This study follows the
true fixed effects model of Greene (2005). In its original form, the
true fixed effects model treats time-invariant bank specific het-
erogeneity and time varying inefficiency separately by integrating
bank specific dummy variables into the cost function. As a result, it
manages to distinguish between unobserved heterogeneity and
inefficiency. In this respect, it differs from the traditional estimators
for stochastic frontier in a panel set-up which cannot estimate the
firm's fixed effects separately from the time varying efficiency
scores (Cornwell et al., 1990; Kumbhakar, 1990; Battese and Coelli,
1995). However, as underlined by Greene (2004), integrating the
cost function with bank specific dummy variables, might lead to an
overspecified cost function, which in turn may induce underesti-
mation of inefficiencies. To circumvent such an underestimation
problem, one can follow an alternative approach as proposed by
Greene (2004) and have the heterogeneity reside in the inefficiency
distribution. In this way, it is possible to account for unobserved
bank specific heterogeneity at mean level in cost efficiencies.
Following the suggestion of Greene (2004), we embed the het-
erogeneity in the inefficiency distribution and define the time-
varying inefficiency effect uit as:

uit ¼
���N�mit ;s2u

����
mit ¼ xi þ h0zit

(2)

where zit is the vector of explanatory variables that may influence
bank inefficiency, h is the vector of parameters to be estimated and
xi is the bank specific intercept term placed to account for time-
invariant bank specific heterogeneity and s2u is the variance of in-
efficiency. Obviously, with this specification uit is assumed to follow
a truncated-normal distribution with heterogeneous mean across
banks.2 Given the representations in (1) and (2), the cost efficiency
2 Some of the studies impose the half-normal assumption on the inefficiencies.
However, as proposed by Greene (1990), such an assumption might lead most
banks to be clustered near full efficiency.
for an individual bank can be defined as the ratio of the cost of the
best practice firm having zero inefficiency and the cost of that bank.
More specifically, the cost efficiency for the i-th bank at the t-th
observation can be expressed as:

CEit ¼ expð�uitÞ (3)

which ensures that the cost efficiency is bounded between zero and
one.

To continue with estimation, we need to specify an appropriate
functional form for the cost frontier function in (1). Being in line
with many studies in the literature, we employ a flexible translog
cost function as:
where ln Cit is the natural logarithm of the total cost of the ith bank
in the period t, ln yjit represents the natural logarithm of its jth
output, ln wkit is the natural logarithm of its kth input price, ln qit
denotes its equity being used to control observable heterogeneity
among banks, t denotes time which is included to capture non-
neutral technological changes. To be consistent with the eco-
nomic theory, which requires the cost function to be monotonically
increasing in input prices and outputs and to be concave in input
prices, we imposed the regularity conditions, symmetry and linear
homogeneity in input prices. The condition of symmetry requires:

djl ¼ dlj c j; l 4kp ¼ 4pk c k; p and fjk ¼ fkj c j; k
The linear homogeneity restriction, on the other hand, is

ensured by normalizing costs and input prices using one of the
input price ðw2itÞ.

Once the translog cost function (4) is specified, parameters of
the cost function and the inefficiency model (2) are estimated
through the one-step maximum likelihood estimation (MLE)
method of Greene (2005), where the likelihood function is formed

with the parameterizations l ¼ su
sv
and .s ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2u þ s2v

q
3 This one step

estimation approach allows for simultaneous estimation of the
stochastic cost function and the inefficiency correlates. It accounts
for the possible correlation between the variables affecting the cost
function and the correlates of the inefficiency, which in turn
eliminates any underestimation and bias problem. Following esti-
mation of the parameters, bank-specific efficiency scores are
computed using the Jondrow et al. (1982) formula.
4. Data

Our dataset is compiled from the balance sheets and income
statements of 22 commercial (deposit) banks operating in Turkey
3 See Greene (2005) for further details of the one-step MLE estimation procedure.
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over the period 2003Q1-2015Q3.4 Non-deposit banks, such as
development and investment banks are excluded from our sample
due to their functional differences from deposit banks. The banks
included in our dataset are not homogenous with respect to their
ownership status; that is of our 22 commercial banks 3 are state-
owned, 12 are privately-owned domestic and 10 are foreign banks.
State-owned, domestic private and foreign banks are defined as
those with more than 50 percent of state, private domestic and
foreign ownerships, respectively. The banks we analyse differ with
regard to their scales as well. In fact, it is possible to divide the
banks into three groups according to their market shares: small
banks (banks having market share of less than 1 percent),
medium-sized banks (banks having market share of between 1
and 8 percent) and large banks (banks having market share of
more than 8 percent). Based on this classification, we have 7 large,
5 medium scaled and 10 small banks in our sample.

To construct the cost function (4), the total cost ðCÞ is defined as
the sum of interest and non-interest expenses, with the latter
referring to the sum of provision of loan losses and other operating
expenses. Regarding the outputs and input prices, we have two
outputs, total loans ðy1Þ and total securities ðy2Þ. The two input
prices are the price of physical capital and labor ðw1Þ, measured by
the ratio of non-interest expenses to total assets, and price of
loanable funds ðw2Þ, defined as the ratio of total interest expenses
to total deposits.5 To circumvent any adverse effect of inflation in
comparison of the results over the study period, all input and
output prices are expressed in US dollars, being in line with
Fukuyama and Matousek (2011) and Assaf et al. (2013).

Following the existing empirical literature, we specify our
potential efficiency correlates ðziÞ as intermediation ratio, deposit-
to-liability ratio, loan loss provision ratio, capital ratio, liquidity
ratio and finally natural logarithm of total assets.6 Intermediation
ratio defined as the ratio of loans to deposits is included to capture
the differences of banks' ability to convert deposits into loans, as
in Kasman and Yildirim (2006) and Manlagnit (2011). It is hy-
pothesized that a bank with higher intermediation ratio would be
more efficient, suggesting an inverse relationship between in-
efficiency and intermediation ratio. Similar to Manlagnit (2011)
and Amidu and Wolfe (2013), we use deposit-to-liability ratio as
a measure of banks' funding structure and expect the ratio to have
a negative impact on inefficiency. Loan loss provision ratio
measured by provisions for loan losses over total loans is
employed to proxy for default risk or loan quality, as in Mester
(1996), Altunbas et al. (2001), Demir et al. (2005), Rao (2005)
and Manlagnit (2011). A positive correlation is expected be-
tween loan loss provisioning and inefficiency since an inefficient
bank with high costs would have more problem loans. Capital
ratio measured by equity over total assets is included to control for
the regularity conditions. An inverse relationship is expected
between inefficiency and capital ratio since a higher capital ratio
might lead banks to be perceived as less risky and therefore they
can borrow at lower interest rates and have lower costs (Fries and
Taci, 2005; Kumbhakar and Wang, 2007; Manlagnit, 2011).
4 Balance sheet and income statement data is obtained from the database of The
Banks Association of Turkey.

5 Due to unavailability of the quarterly data for personnel expenses over the
period 2003Q1-2005Q2, we are not able to use two separate input prices for
physical capital and labor. Therefore, we augment these two prices and calculate a
common price, as in Hasan and Marton (2003) and Kasman and Yildirim (2006).

6 There are also studies including profit percent, loans to assets ratio, mortgage
loans and wholesale funding as efficiency correlates in their analysis (e.g. Demir
et al., 2005; Koetter and Poghosyan, 2009). We constraint our study to efficiency
correlates that are most commonly used in the literature in order to circumvent the
non-convergence problem in estimation due to having a small data set.
Liquidity ratio defined as the ratio of liquid assets to total assets
controls liquidity risk of banks. While lack of liquidity may force
banks to borrow funds at excessive cost, holding liquid has an
opportunity cost of higher returns (Rao, 2005; Koetter and
Poghosyan, 2009; Ben-Khedhiri et al., 2011). Due to this conflic-
tion, we do not have priori expectations regarding the direction of
the effect of liquidity ratio on inefficiency. Finally, we incorporate
the logarithm of total assets as a proxy for bank size to control for
the impact of scale bias on inefficiency, as in many studies
including Hao et al. (2001), Demir et al. (2005) and Banker et al.
(2011).

5. Empirical results

It is commonly acknowledged that the efficiency analysis is
sensitive to the choice of the variables. In this respect, while
omitting relevant variables could result in misleading conclusions,
the use of unnecessary variables might clutter the analysis and
create interpretation difficulties. Hence, choosing the most influ-
ential explanatory variables is of particular interest in efficiency
analysis. Although we specify a set of potential efficiency correlates
including intermediation ratio, deposit-to-liability ratio, loan loss
provision ratio, capital ratio, liquidity ratio and finally natural log-
arithm of total assets, we have no exact information regarding
which ones should be included in the model.

To this end, this chapter discusses two different approaches we
adopted to specify cost efficiency scores of Turkish commercial
banks. While the first section describes empirical findings derived
from a search algorithm designed to detect the most appropriate
model, the subsequent sectionpresents the results obtained from the
model averaging approach of Huang and Lai (2012). Persistency of
cost efficiency scores of commercial banks is investigated in the final
section.

5.1. Results from the search algorithm

To specify the cost frontier function with the most appropriate
inefficiency correlates we adopt an exhaustive search algorithm
aimed at minimizing the Akaike information criterion (AIC), which
is a penalized likelihood criterion that trades off goodness of fit and
parsimony. The algorithm starts with maximum likelihood esti-
mation of the cost frontier function (4) by including all 6 in-
efficiency correlates and the corresponding AIC value is recorded. In
the next step, the cost function is estimated by using all 5-subsets of
inefficiency correlates and the model having minimum AIC is
selected. This procedure continues with one correlate eliminated at
each stage until only one is left. At the end, the algorithm selects 5
models out of 63 estimated cost functions and our preferred model
is the one with the lowest value of AIC.

According to the algorithm, the cost frontier function with in-
efficiency correlates of intermediation ratio, capital ratio and the
natural logarithm of total assets is chosen and the estimation re-
sults are reported in Table 2.7 Being consistent with our priori ex-
pectations, intermediation ratio has a significant negative effect on
the measured cost inefficiency, suggesting that banks with higher
ability to convert deposits to loans enjoy higher levels of efficiency.
In accordance with our expectations, the capital ratio also appears
to be significantly and negatively correlated with the cost in-
efficiency. Well-capitalized banks are expected to be more efficient
due to their high quality management and relatively less risky
7 Due to having a small data set, we first observed non-convergence problem in
estimation of the model parameters. To overcome this problem, squared terms are
dropped from the model, as in Koetter and Wedow (2010).



Table 2
Parameter estimates of the stochastic cost frontier.

Cost Frontier
intercept �2.415*** (0.675) ln y1 ln y2 0.053*** (0.004) ln y2:t �0.002*** (0.000)
ln y1 �0.030 (0.043)

ln y1 ln
�
w1
w2

� �0.089*** (0.010)
ln
�
w1
w2

�
ln q

0.121*** (0.022)

ln y2 �0.051 (0.067) ln y1:ln q �0.027*** (0.005)
ln
�
w1
w2

�
t

0.007*** (0.000)

ln
�
w1
w2

�
0.551*** (0.078) ln y1:t 0.010*** (0.000) lnq:t �0.009*** (0.001)

lnq 1.609*** (0.099)
ln y2:ln

�
w1
w2

� �0.037*** (0.013)

t �0.009** (0.004) ln y2:lnq �0.042*** (0.005)
Inefficiency correlates
intercept 1.533*** (0.283) x06 0.263** (0.102) x15 0.394** (0.159)
Capital Ratio �1.801** (0.798) x07 0.108 (0.085) x16 0.192** (0.093)
Intermediation Ratio �0.709*** (0.194) x08 0.533** (0.209) x17 0.289** (0.129)
Logarithm of Total Assets �0.038 (0.065) x09 0.069 (0.083) x18 �0.044 (0.074)
x01 �0.086 (0.059) x10 0.155 (0.104) x19 0.144** (0.069)
x02 0.434*** (0.125) x11 0.418** (0.167) x20 �0.032 (0.049)
x03 0.315* (0.186) x12 0.102 (0.080) x21 0.042 (0.056)
x04 0.462** (0.228) x13 0.206 (0.130)
x05 0.371** (0.158) x14 0.585* (0.305)
Variance parameters of compound error
l 1.392*** (0.182) s 0.112*** (0.003)
Log likelihood 1110.699 AIC �2135.400 N 1120

Notes: Numbers in parentheses are standard errors and (***), (**) and (*) denote statistical significance at 1%, 5% and 10% significance levels, respectively.
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position. Regarding the effect of bank size, measured by the loga-
rithm of total assets of banks, it appears that the cost inefficiency
does not differ significantly with respect to bank size.8

Having discussed the inefficiency correlates, we proceed further
with the estimated efficiency scores. The first panel of Fig. 1 shows
the weighted average of cost efficiency scores of commercial banks
over the period 2003Q1-2015Q3. For convenience we also report
them together with the corresponding standard errors in Table 3.
The overall cost efficiency for the whole sample is found as
approximately 87 percent, suggesting that an average commercial
bank could improve its cost efficiency by approximately 13 percent
to match its performance with the best practice bank producing
same amount of goods and services with the same conditions.
Turning to the efficiency scores over time, being in linewith Ozkan-
Gunay (2012), Figure clearly illustrates an upward trend in the cost
efficiency scores during the post-crisis period 2003e2008, sug-
gesting that the restructuring program fulfils its promise in terms of
improving bank efficiency. Given that the Turkish banking system
experienced a substantial improvement in terms of bank lending,
asset quality and profitability during the post-crisis period as
shown by Ozkan et al. (2014), this finding might not be surprising.
Furthermore, the impact of the global financial crisis is also
apparent from the deterioration of the efficiency scores after the
third quarter of 2008. Over the following five quarters the cost ef-
ficiency declined by approximately 3 percentage points and finally
reached its lowest level of 85 percent in the last quarter of 2009.
Afterwards, the banking system started to recover and bounced
back to its pre-crisis level of 88 percent in the last quarter of 2010.
This reveals that the negative effect of the global crisis was felt but,
unlike the findings of Assaf et al. (2013), a relatively quick recovery
is observed at the end of 2010. The continued upward trend over
8 We also conduct the generalized likelihood-ratio test of the null hypotheses
that inefficiency effects are absent from the cost function, the inefficiency effects
have a simple distribution (half-normal distribution), the inefficiency correlates we
use have no significant effect on the cost inefficiencies and finally there is no
heterogeneity in the cost inefficiencies. All four null hypotheses are strongly
rejected, indicating that the specification of our model is perfectly adequate to
measure the cost efficiency of Turkish banks. Test statistics are not reported here to
conserve space but available upon request.
the period 2011e2015 indicate further that the 2010 European debt
crisis had no noticeable impact on the Turkish banking system in
terms of average cost efficiency.

Before continuingwith further discussions of efficiency scores, it
is noteworthy to mention the incidental parameters problem of the
true fixed effects model. Obviously, in a fixed effects model, the
number of fixed-effect parameters, which are also called as inci-
dental parameters, increases with the number of cross sections. In
this situation, conventional asymptotic results that rely on infinite
number cross sections, cannot be applied and the maximum like-
lihood estimators become inconsistent for a fixed number of pe-
riods. Greene (2005) examines this incidental parameters problem
through a Monte-Carlo experiment and observes that the problem
affects variances but not the slope coefficients. Moreover, there
appears to be no substantial biases transmitted to inefficiency es-
timates. As a referee has pointed out, despite these findings of
Greene, it would be nice to analyse robustness of our results to an
increase in the number of cross sections (banks in our case). As
such, we repeat our analysis by leaving small banks out and using
large and medium-sized banks only. According to the results, the
overall cost efficiency for the whole sample is found as approxi-
mately 92 percent, which is quite close to our initial average cost
efficiency of 87 percent. Regarding the movement of efficiency
scores over time, we observe a similar pattern to that shown in the
first panel of Fig. 1, though the upward trend in the cost efficiency
scores during the post-crisis period 2003e2008 turns to be less
obvious.

Our next step is examining the efficiency scores across different
ownership status. As mentioned before, of our 22 commercial
banks 3 are state-owned, 9 are privately-owned domestic and 10
are foreign banks. The second panel of Fig. 1 illustrates efficiency
scores for three different bank ownership types. It appears that
private banks are the most efficient with the average cost efficiency
of 91 percent, followed by foreign and state banks with average cost
efficiencies of 89 and 78 percent, respectively. This result is in line
with the literature for developing countries, where the most
common finding is that on average foreign banks are more efficient
than or roughly equally efficient to domestic private banks, with
both groups being generally more efficient on average than state-



Fig. 1. Cost efficiency scores from the selected model.
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owned banks (e.g. Delfino, 2003; Berger et al., 2005). As discussed
by Isik and Hassan (2002) there are two main reasons behind the
low cost efficiency of state-owned banks, differences in objectives
and budget constraints. While foreign and private banks seek to
boost their profits, state-owned banks in developing countries
generally pursue objectives set by the government, such as devel-
oping specific industries or regions or export expansion. Secondly,
the budget constraints of state-owned banks are less strict than
those of foreign and private banks since they are frequently sup-
plied by government subsidies or government guaranteed debts.
This leads foreign and private banks to be more efficient by
directing investment funds to efficient places.

Turning to the temporal movement of the efficiency scores for
three different bank ownership types, the second panel of Fig. 1
clearly illustrates that with the exception of few abrupt changes,
foreign and private banks have relatively similar upward trends
until the third quarter of 2008. The exceptional behaviour of effi-
ciency scores of foreign banks might result from mergers and ac-
quisitions taken place during 2006. After the third quarter of 2008,
the effect of the 2008 financial crisis became apparent for private
and foreign banks with approximately 4 and 3 percentage points
declines in efficiency scores, respectively. The recovery lasted for
seven quarters for foreign banks, while private banks reached their
pre-crisis level after eleven quarters. This finding might suggest
that foreign banks, whose parent banks are mainly located in the
EU and East Asian countries, were less severely affected by the
global financial crisis than domestically owned private banks were.
In accordance with the literature, this finding could be attributed to
the fact that during episodes of financial turmoil domestic banks
might face higher costs of external funding or might be cut off from



Table 3
Cost efficiency estimates from the selected model.

Time Mean Standard deviation Time Mean Standard deviation Time Mean Standard deviation

2003q1 0.771 0.061 2007q2 0.844 0.095 2011q3 0.893 0.085
2003q2 0.785 0.077 2007q3 0.862 0.095 2011q4 0.897 0.085
2003q3 0.783 0.067 2007q4 0.869 0.095 2012q1 0.890 0.085
2003q4 0.794 0.074 2008q1 0.873 0.098 2012q2 0.900 0.089
2004q1 0.815 0.095 2008q2 0.873 0.099 2012q3 0.903 0.087
2004q2 0.811 0.087 2008q3 0.884 0.097 2012q4 0.913 0.089
2004q3 0.817 0.093 2008q4 0.859 0.092 2013q1 0.916 0.088
2004q4 0.820 0.099 2009q1 0.857 0.092 2013q2 0.924 0.080
2005q1 0.831 0.098 2009q2 0.858 0.089 2013q3 0.916 0.075
2005q2 0.831 0.091 2009q3 0.861 0.083 2013q4 0.913 0.078
2005q3 0.817 0.087 2009q4 0.855 0.076 2014q1 0.907 0.081
2005q4 0.815 0.084 2010q1 0.863 0.080 2014q2 0.911 0.081
2006q1 0.834 0.097 2010q2 0.866 0.079 2014q3 0.917 0.076
2006q2 0.836 0.091 2010q3 0.878 0.082 2014q4 0.926 0.067
2006q3 0.833 0.087 2010q4 0.884 0.085 2015q1 0.926 0.063
2006q4 0.826 0.086 2011q1 0.894 0.088 2015q2 0.928 0.064
2007q1 0.838 0.091 2011q2 0.897 0.088 2015q3 0.908 0.066

Overall Mean (2003e2015): 0.865.

9 We checked for the sensitivity of the model-averaged efficiency scores to
alternative information criteria by calculating weights according to the Bayesian
information criterion (BIC) of Schwarz, estimated efficiency scores remained almost
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international financial markets (Efthyvoulou and Yildirim, 2014).
Over the period 2011e2015, on the other hand, we observe an
ongoing upward trend in the cost efficiencies of private banks
coupled with slightly decreasing and relatively stable cost effi-
ciencies of foreign banks. This differentiation could be related to the
2010 European debt crisis. Although the effects of the crisis
remained rather limited for Turkish economy as noted by Aysan and
Ermisoglu (2013a), they weremore pronounced, on the average, for
foreign banks due to the parent country of the biggest foreign bank
being Greece where the debt crisis broke out. Moving on to the
efficiency scores of state banks, we observe that a stable path fol-
lowed over the period 2003e2005 was replaced with a gradual
upward trend without being affected by the 2008 financial crisis.

Next, we proceed with examination of cost efficiencies for
different bank scales. Despite being found insignificant, it is note-
worthy to take a closer look at how bank size affects efficiency
scores. The third panel of Fig. 1 illustrates weighted average of cost
efficiencies for each group of commercial banks. According to the
Figure, it seems that medium-sized banks have the highest average
cost efficiency of 88 percent, and it is followed by large and small
banks with the average cost efficiencies of 87 and 75 percent,
respectively. In the empirical literature there is no consensus on the
relationship between bank size and efficiency due to conflicting
evidences. While some studies report an unclear or insignificant
relationship between bank size and efficiency (e.g. Berger and
Mester, 1997; Kasman and Yildirim, 2006) as in our case, some
report a significantly positive relationship (e.g. Berger et al., 1993;
Ataullah and Le, 2006) and some others reveal a significantly
negative relationship (e.g. Isik and Hassan, 2002; Manlagnit, 2011).

In our case, although, average cost efficiencies of medium-sized
and large banks are approximately same, their temporal movement
seems to be different. More specifically, while they moved together
by following a similar upward trend from 2003Q1 to 2008Q3, a
diversification is observed over the period 2008Q3-2010Q4. With
the global financial crisis, the upward trend of cost efficiencies of
large banks was interrupted and they plummeted by approximately
3 percentage points. Medium-sized banks, however, appears to be
almost unaffected by the crisis. The reason behind this could be
explained by ownership types of these banks. Out of our 7 large
banks, 3 are state-owned and 4 are private. Regarding the owner-
ship types of medium-sized banks, 4 are foreign and only 1 out of 5
is private. Given the previous finding that foreign banks were less
severely affected by the global financial crisis than domestically
owned private banks were, it is not surprising to observe that the
effect of the crisis remained rather limited for medium-sized banks
with majority foreign ownership.
5.2. Results from the model averaging approach

As underlined by Huang and Lai (2012), although model selec-
tion is frequently employed in empirical studies as a tool to select
the best model among the competing ones, different model selec-
tion criteria might result in different choices of models and more
importantly the selected model may not be necessarily correct. To
circumvent any possible problems, including themodel uncertainty
and omitted variable biases that may arise from relying on only the
single (best) model, Huang and Lai (2012) suggest using a model-
averaged estimator, which is a weighted average of estimators
obtained from all competing models.

In this respect, to check whether the efficiency scores we
derived from the best model selected through the previously dis-
cussed search algorithm are exposed to any bias problem or not, we
repeat our analysis using the approach of Huang and Lai (2012). In
this approach, the efficiency scores are calculated by taking the
weighted average of efficiency scores obtained from all 63 esti-
mated cost functions. It is important to specify appropriate weights.
Following Huang and Lai (2012), we define the weight of the model
j as

pAIC
j ¼

exp
�
� 1

2D
AIC
j

�
PJ

k¼1 exp
�
� 1

2D
AIC
k

�

where DAIC
j ¼ AICj � AICmin measures the AIC difference between

model j and the best model among all J competingmodels. Once the
weights are specified, it is straightforward to calculate the model-
averaged cost efficiency scores. Fig. 2 illustrates these cost effi-
ciencies. Compared to Fig. 1, it is clearly seen that the results ob-
tained from the search algorithm are almost identical to those of
the model averaging approach, confirming the robustness of our
results.9
unchanged.



Fig. 2. Cost efficiency scores from the model averaging approach.
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5.3. Persistency analysis for cost inefficiency of Turkish banks

As a final issue, we investigate the degree of persistency in cost
inefficiencies of Turkish banks to address the question that whether
an inefficient bank becomes efficient or remains inefficient over
time. To this end, following Manlagnit (2011), we calculate the
Spearman rank correlations for all commercial banks and sub-
groups determined by ownership types and scale.10 The
Spearman rank correlations for all commercial banks appear to be
statistically significant, suggesting persistency of cost inefficiency
of commercial banks. In other words, this finding indicates that if a
commercial bank is relatively cost inefficient, then, it is very likely
10 Sparkman rank correlation matrices are not reported here to conserve space,
however, interested readers may request the matrices from the authors.
to remain cost inefficient for quite a long period of time. Moreover,
our results reveal that inefficiency is persistent for large banks,
although it is not so persistent for medium-sized and small banks
as the rank correlations are generally statistically insignificant and
become negative over time. Regarding banks' ownership types, we
observe that cost inefficiencies of private and state-owned banks
are quite persistent. For foreign banks, however, correlations
appear to be significant only in a few quarters, implying that cost
inefficiency is relatively short-lived for foreign banks.

6. Conclusion

This study investigates the cost efficiency of Turkish commercial
banks over the restructuring period of the Turkish banking system,
which coincides with the 2008 financial global crisis and the 2010
European debt crisis. In this respect, we employ the true fixed
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effects model, where the unobserved bank heterogeneity is inte-
grated in the inefficiency distribution at a mean level.

Adoption of a search algorithm, which is designed to detect the
cost frontier function with the most appropriate inefficiency cor-
relates, justifies that intermediation ratio, capital ratio and the
natural logarithm of total assets are effective on measured cost
inefficiency, with the direction of the effects being in accordance
with our priori expectations. When examining the cost efficiency
scores, it is seen that Turkish banks have experienced on the
average a positive efficiency change during the period 2003e2008,
suggesting that the restructuring program fulfils its promise in
terms of improving bank efficiency. Moreover, although the nega-
tive effect of the 2008 global financial crisis was felt, a relatively
quick recovery is observed at the end of 2010. We further observe
that 2010 European debt crisis had no noticeable impact on the
Turkish banking system in terms of average cost efficiency. Being in
line with much of the existing literature, the analysis of the effi-
ciency scores across different ownership types suggests that on
average foreign banks are roughly equally efficient as domestic
private banks, with both groups being more efficient than state-
owned banks. Regarding the efficiency scores across different
bank scales, it appears that small banks tend to have lower cost
efficiency on average than medium-sized and large banks.

To check whether the estimated efficiency scores are exposed to
any model selection bias or not, we repeat our analysis by adopting
the model-averaging approach of Huang and Lai (2012). The results
obtained from the search algorithm appear to be almost identical to
those of the model averaging approach, confirming robustness of
our results. Finally, we investigate the degree of persistency in cost
inefficiencies of Turkish banks through the Spearman rank corre-
lations. Overall, our results suggest persistency of cost inefficiency
of commercial banks.
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