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ABSTRACT

In this study, the Technical Efficiency and the Allocative Efficiency
Scores of 23 commercial banks operating in Turkey between 2003 and 2012
were obtained by use of the Data Envelopment Analysis. In the CCR model
analysis; while 3 banks did not have Technical Efficiency for the first years,
this number doubles for 2012. Whereas only 5 banks were efficient in terms
of Allocative Efficiency for the first year, this number goes down to 4 in the
last year. As a result of the BCC model; while only one bank did not have
Technical Efficiency at the beginning of the period, this number quadruples
at the end of the period. This number for the Allocative Efficiency is 10 at
the beginning of the period and 16 at the end of the petriod. Considering the
CCR model, it is more significant in the estimation by using the panel data
regression model in order to determine the effect of the outputs on the
efficiency of the banks. The Malmquist Index is used for the Total Factor
Productivity and it was found out that the productivity increased only at the
rate of two thousandth (0.002) for all the enterprises for the period.
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OZET

Bu calismada Turkiye’de 2003-2012 yillart arasinda faaliyet gosteren 23
bankanin Veri Zarflama Analizi ile Teknik Etkinlik ve Tahsis Etkinligi
skotlart elde edilmistit. CCR modeli ile yapilan analizde ilk yil icin toplam 3
firma teknik etkin degilken 2012 yili i¢in bu say1 iki katina ¢ikmustir. Tahsis
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etkinligi icin ilk yil icin sadece 5 firma etkin iken son yil icin bu sayt 4%e
dismistir. BCC modeli ile girdi yonelimli ve degisken getirili analizde
dénem basinda sadece bir banka teknik etkinlige sahip degilken dénem
sonunda bu say1t 4e ¢tkmaktadir. Tahsis etkinligi icin bu sayt ddnem basinda
10 ve d6énem sonunda 16 olarak ¢ikmaktadir. Bankalarin etkinligine ctktilarin
etkisini belitflemek amact ile Rastgele Etkiler Panel Regresyon modeli ile
yapilan tahminde CCR modelinin daha anlamli oldugu gorilmustir. Toplam
Fakt6r Verimliligi icin Malmquist Endeksi kullanidarak yillar boyunca tim
isletmeler icin Toplam Faktér Verimliliginin sadece binde iki duzeyinde
arttgt tespit edilmistir.

Anahtar Kelimeler: Parametrik Olmayan Metot; Panel Data; VZA; TFV;
Bankacilik

1. INTRODUCTION

Turkish banking system had a big loss of trust during the economic
crisis in 1994 and this problem was partially solved by the recognition of
100% deposit protection by the Turkish Treasury. In 2000s, the increasing
inflation and uncontrollable increase in the public debts forced to make
some structural transformations. The number of banks>, which were 79 at
the beginning of this period, went down to 55 in 2003 and to 49 in 2010
(Coskun et al., 2012).

Overvalued Turkish Lira (TL) and subsequent economic irregularities
as results of the fixed exchange rate policy in a high inflationary
environment caused the crisis in November 2000 and February 2001. After
the crisis of February 2001, the Turkish Treasury had to pay off a nearly 19
billion dollar “business damage” bill for the public banks. For the private
banks, the management and the ownership of 20 banks (12 of them
between 2000 and 2002) were transferred to the Banking Regulation and
Supervision Agency by the Saving Deposit Insurance Fund. Some of these
banks were merged with others, some were able to go on business but the
ownership was changed, and some lost their licenses and shut down. During
this period, 100% protection for the deposits forced the Treasury to pay the
damages of the private sector banks as well. Serious restrictions and
regulations were adapted in the banking system in order to prevent such
problems in the future.

The development of the Turkish banking sector for the last ten years
which covers the term of the last government since the late 2002 in Turkey,
comprise the subject of this study. Activities of the private, foreign and
public banks operating in Turkey between 2003 and 2012 and their

5 Total number of commercial banks was 62 in 1999 and 19 of them were foreign-invested
banks. This number went down to 41, 13 of which were foreign-invested banks, in 2003.
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progresses within the given period are also discussed®. Within this period,
some banks’ ownerships were changed and some others were even shut
down. The banks analyzed in the study consist of 99% of the total trading
volume.

Table 1 below provides information on the structure and the change
of the 23 banks in Turkey. Out of 23 banks, 11 of them are private, 9 of
them are foreign and 3 of them are state-owned banks. While the deposits
to these banks were 155 billion TL in 2003, this amount reached 766 billion
TL with a rise of around 400% in 2012. In the same period, the net asset
value increased at the same rate. The rate of increase in the number of
employees remained at a level of around 60%.

The deposits share of the private banks remained stable at the rate of
52% for the last ten years. While the deposits share of the foreign banks
increased from 9% to 13%, this rate decreased from 39% to 35% for public
banks. While the deposits share of the foreign banks increased by 44%, the
decrease rate in public banks was 10%.

The share of the employees working in private banks remained stable
at 51% for ten years. However, the share of the employees in foreign banks
increased from 14% to 21%, but this rate decreased from 34% to 29% for
the public banks. In short, 5 out of ten employees working in the Turkish
banking sector work in a private bank, 3 worked in public banks and 2
worked in foreign banks. 22% of the deposits in 2003 and 16% in 2012
belonged to Ziraat Bank. At the beginning of this period, 20% and in 2012
13% of the employees belonged to the same bank. Isbank and Akbank
follow Ziraat Bank in these aspects. Deutsche Bank appears in the list as the
bank with the lowest deposits and employee number.

¢ The following changes were observed in the banks analyzed during the given period.
Sitebank, which moved on as Bankeuropa as of the first quarter of 2003, was changed as
Millenium Bank in the last quarter of 2006 and finally it has continued its existence as
Fibabanka since the second quarter of 2011. Tiurk Dis Ticaret Bankast (Turkish Foreign
Trade Bank) moved on as Fortis Bank as of the last quarter of 2005, and was merged with
the Tirk Ekonomi Bankast (TEB) as of the first quarter of 2011. Kocbank was merged with
Yapt Kredi as of the last quarter of 2006. MNG Bank moved on as TurklL.and Bank as of the
first quarter of 2007. Oyak Bank continued its existence as ING Bank as of the fourth
quarter of 2008. Tekfen Bank moved on as Eurobank Tekfen as of the first quarter of 2008
and then it has continued its existence as BurganBank since the last quarter of 2012.

3



DEA with Panel Regression

e 69°c 124 6EF 1 1 1 1 amqeg ¥ FEUED
€2 cL's 7L ol 1 1 1 1 w0 ] U] 38we)
LET D6F 6T 6% ! 1 I I s1Eap O] 38R
8978L1 20191861 06801Z99L 79861+6¢01 £eLlll 80150TF 6rEREFesl 161LFLITT [F10], PUEID

62" TT0 S} +E7 5e’0 8T0 620 8E°0 RO [pWErD / ogegioung
19602 P00t C6FI81997 L68TATECE L59¢ 6E1T6TT 0.91LE09 96116+08 aMqng 3O wag
#90€1 £18891% 06ETFTLY 9L1188%6 OFtL 6ESLET 196869C1 CTETEFST QIR

12181 95H0LE T06ELEGL +RETLLGE 7688 $008LT £80078¢1 07802681 FwEqsEH

95.62 18119¢1 $0€996811 ££g.0985] 0FFZT 965559 9zgleges CP8.LS09F EEURY JPETZ

12 910 e1'0 ¥1°0 #1°0 21 6070 6070 merpres [ EiRroowng
FEEOE 696TTTE ZOE0E000T CLSRRTERT 6SBST 96095 CEO0LLET 7€90.81 WEREO] 3 Wag
86t gceic TET6LET TEH0RET 681 ze19 62T z€8LIT FeEq L

oIS 80191+ 9610€F+1 LLF8069T 16L€ SHIETT TLETEE 988561+ sueg So1

2709 c9etls 11H90T+1 7L189061 6EFE 205091 9758607 ZOLHDTE aqsH

0ggLl 609ZFET 9051Z6ZE 99880505 685 052001 970589 STE9LGF FUEQEUTLL]

L01 9115E OFLOET 7598501 € 18957 0 $ECITT Fweg sypsina]
89¢€01 90695 TFEYEH9T 6EF1808E 980¢ 6TS1L $90Z60E FFO0LEF FUEQIIE(]

At TS6¥LT ZESILIC 60960FL 6111 16728 68078 PLECLIT FwEqRID

796 97Zze CLCHOZE 9T 695 $EFG1 LIFTeF Leciee sueg wEEng

89T 9L65F SELETOT £C868t1 9.1 12021 68ssg 190971 JuEg TPV

150 790 <0 £ 1€°0 8e0 T ec [BOIpWErD [ SEAgIOwag
28506 TEOFEITT CE0966G6E 06€976T8% ] fl+ CHOCEFT $E6E6T1R FLO6FETTT EAT 30 Wwog
8065+1 8CECTHE 0F6EFDEY 6ETZREFOT 1081 gezest 166481 29966097 pampdey
085¥T PIETFOE PEFERESOT LESTTOTOT SIFEl 090129 90919561 9TTIITET Eqweq 5] S4FFRL
80TL1 PEETLLT 61+I8FLS TE69TEEET 1L6L TEEFEL 0FLOOFHT $IEISHE] nuErEn

£E76 06EFEY £9E0TLET FELELFLE €687 =9 CEESTLY 29G1E99 =L

88z 6+D6T $18919 cLe00g +81 321 991062 Z096SE FERAUERLL

758 CE6TD CTFEILT 60981+ 999 016€7 LPiFL ZTE0TOT FuEqEsEL

pece LL0T9T 9068101 1$78LE8T 6008 $e8€L 2986507 9EFeTST TwEqEERS

zes $£L98 IHH689T 8612855 981 78951 £a109 89001 EquRqEqrg

2061 106561 1LE1T6E 06+0RES 6.8 89.65 e16LF11 LTEFFT FERGNIOPEEY
1611 100+11 0909L1+ TFFLcee et TSET 8COETL 9956L6 uEqy

Z.091 £50685T 91.¥0198 cgzacels CE96 D67L9T ZOEE01E] 00E18.L5T JEEqEY

[ oL 710z 7107 Lanz i e e00z e00z

SO MDY smsodaa spassyian oo SRR shsodsa spassvian NV

Determination of the Efficiency of the Turkish Banks and Outputs’

Conttibutions to the Efficiency and TFP.

Z10Z %8 £00¢ SFeaX Ul Jof AoNIn ], UT syueq [EIIWII0T) 31 IN0qE SAINGL] dWog "] A[qEL



Aziz KUTLAR, Ali KABASAKAL, Murat SARIKAYA

In this study, the literature review is given in the following section.
Then, a brief explanation of methodology for the data envelopment analysis
(DEA), the MI, and the panel regression is presented in the section three.
The empirical results of the analyses can be found in the section four.
Finally, the conclusion and the suggestions are presented in the section five.

2. LITERATURE

The majority of the studies about banking efficiencies are done via
the DEA and the MI. In the DEA analyses, a series of models in different
time segments with various input and output variables are used to analyze
the banks’ efficiencies. As an econometric estimation method, the panel
regression is also utilized in studies on banking efficiency.

Das and Ghosh (2006) investigate the efficiency of the Indian Banks
over a ten year period from 1992 to 2002. They utilize 3 different
approaches, namely intermediation approach; value added approach; and
operating approach in order to define inputs and outputs of the analysis.
Their findings suggest that the technical efficiency (TE) scores seem to be
low and declining over the investigated period. The findings also suggest
that, after the liberalization there was no improvement in the efficiency of
the banks. The ownership status, level of non-performing loans, size, asset

quality, and management are the determinants of the efficiency scores of the
banks.

Staub et al. (2010) investigate the efficiency scores of the Brazilian
banking in the period of 2000— 2007 using the DEA and claims that the
efficiency scores are lower than other countries. They analyze the impact of
market share and non-performing loans on the efficiency via panel data
analysis. They also claim that the foreign banks in Brazil are less cost
efficient and the state owned banks are more efficient relatively.

Avkiran (2011) investigates the relationship between a bank’s DEA
efficiency scores and the performance ratios for the Chinese banks for years
2007 and 2008. Further investigations about how the DEA is utilized to
select the ratio benchmarks for firm groups imply that firm based
standardization, stock pricing, and regulations are the areas that ratio
benchmarking may be utilized to predict the future values of some financial
ratios via efficiency estimates.

Pasiouras (2008) utilizes the DEA to explore the efficiency of the
Greek banking industry over the period of 2000-2004. The findings suggest
that Greek banks with abroad operations have higher TE scores. One can
claim that a higher efficiency depends on a greater number of branches, loan
activity, market power, and capitalization.
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Havranek and Irsova (2013) examine and compare the efficiencies of
the banks in the Czech Republic, Hungary, Poland, Slovenia, Slovakia, and
the USA for the 1995-2006 period and how the specifications of the DEA
change the efficiency. They argue that the foreign banks in the transition
economies are more efficient. Another finding is that while the large banks
in the USA are definitely performing better, the result for remaining the
Central European and the Eastern European countries depends on the
design of DEA.

Mercan et al. (2003) present a financial performance index for the
Turkish commercial banks to observe the effects of scale and the mode of
ownership on a bank’s behavior and performance for the 1989-99 period.
Their study indicates that the state-owned banks are outperformed by the
foreign and the private banks in terms of efficiency and the large scaled
banks seem to perform better than the small or medium sized banks. They
also state that the banks taken over by the regulatory agency provided poor
efficiency scores.

Denizer et al. (2007) examine the banking efficiency in Turkey
between 1970 and 1994 via the DEA. Their study suggests that there is a
decline in banking efficiency after the liberalization program due to the
macroeconomic instability of the Turkish economy, especially in the
financial sector.

Fukuyama and Matousek (2011) make a variable returns to scale
efficiency analysis of the cost efficiency, the TE and the allocative efficiency
of the Turkish banks for the period from 1991 to 2007. They argue that the
results reflect the picture of the Turkish economy during the 2001 financial
crises from 1994 to 2001. They observe some positive effects of the
restructuring the financial system and the consolidation policy implemented
after the crisis.

Unvan and Tatlidil (2012) investigate the performance of the Turkish
banking industry for the period 2002— 2008 by using the DEA and the
Malmquist Index, (MI) for Total Factor Productivity (TFP). They state that
the industry faces an efficiency loss from 2005 to 2008 and the medium-
sized banks are the most efficient banks.

Isik and Hassan (2003) use the DEA and the MI to examine changes
in productivity, efficiency, and technology in the Turkish commercial banks
after the 1980s deregulation of the banking industry. The study suggests that
the performance gap between the banks is slowly disappearing. They also
confirm that the foreign banks, in general, are more efficient than the
domestic banks. They also find that the private banks experienced more
volatile scores than the public banks.
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3. METHODOLOGY

Debreu (1951), Koopmans (1951), and Farrell (1957) are the first
ones using efficiency analysis in the economics literature, and since then
there have been so many studies devoted to the measurement of efficiency.
Using frontier functions is an important part of the measurement of
efficiency. The usage of the parametric and non-parametric methods in the
studies where the performance assessment is measured in terms of
Economic Efficiency, TE, and Allocative Efficiency (AE) also exist.

Parametric approach contains deterministic and stochastic models. In
non-parametric analysis as in Charnes et al. (1979), the specification of any
particular functional form is not necessary to define the efficient frontier or
envelopment surface.

3.1. Structure of DEA and Efficiency

Efficiency might be defined as an achievement to obtain the highest
output possible by preferring the method which uses the input composition
in the most productive way. By Koopmans’s definition (1951), the
production limit is defined as f{x,y,)= 0, then (x,)<0 expresses the
production limits which is not technically efficient. If f{x;,)>0, then it gives
input-output compositions which are not possible to generate by using a
certain production technique (Kumbhakar and Lovell, 2000), (Cooper et al.
20006). Assuming that a DMU generates outputs y;, (i=1,2,...,t) from inputs
xk, (k=1,2,...,m), the equation can be expressed in the following way by the
appropriate weights (vi=1,2,...,t; wi=1,2,...,m) applied to the variables:

t m
Zvi Yi /Zwkxk 1
i—1 k=1

Fractional program utilizes the TFP rate. In a sense, DEA should be
considered as a conceptual model and the linear model is a practical method
in efficiency calculations. In DEA, weights are determined pertaining to the
DMUs for each input and each output. DEA takes inputs (xi) and outputs
(yi into equation as given above and selects weights to maximize

€.

performance of DMU “p” related to performances of other units:
t m

Max v\w, O Vi, Yo / D Wi, X)) ©)
i=1 k=1

Here, the efficiency values of “z” number of DMUs are given as;

t m
0< D ViV / D WX S1(=12,...p,....2) 3)
k=1

i=1
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In the model, vi=1,2,...,t; and wi =1,2,....m correspond to the
weights of inputs and outputs and variables in the equation. Solution of this
model gives an efficiency value of P DMU and a set of necessary weights
to reach that value.

Solution of the non-parametric efficiency measurement model in the
form of fractional programming form is converted to a linear programming
model which is relatively easier to solve (Charnes et al., 1978, 1979; Banker
et al.,, 1984).

3.2 Panel Regression Analysis

In panel regression estimation, there are two significant approaches;
fixed effects approach and random effects approach (Gujarati, (2004);
Balgati, (2008)). For the estimations obtained in this study, the appropriate
model is the random effects model. This panel model may be formulated as
follows.

Yio = Bu + Lo Xogie + Ba Xy + B Xy + Uy 4

In this equation, the variable B1; is a random variable with an average
of B1. For each firm, §1; = 1 + ¢, (1 = 1, 2, ..., 31) is the intercept with ¢ as a
random error term with a zero average and a constant variance. The
underlying logic behind is that the constant (1) is the same for the five
investigated outputs and it is considered as a general average. The individual
and the subjective constant is expressed within the error term (g).

3.3 The Malmquist Index

The Malmquist productivity Index is one of the indices that explore
change in production (Malmquist, 1953). Used in the DEA of Caves et al.
(1982), this index consists of difference functions representing multi-output
and multi-input technologies based on input and output quantities.

The index can be calculated by using parametrical and linear
programming methods. Two functions can be obtained by use of DEA.
One of these functions expresses the technical change and the other one
does change in the TE (Liu and Wang, 2008).

MI can be calculated either input oriented or output oriented. An
output oriented Malmquist TFP change index Mpt! can be expressed as:

1/2

D}:(X{Jrl’YtJrl) Dr:+l(xt+l,Yt+l) (5)

MO X 1) = Dy (X',Y) Dy (X'Y")

This equation shows production element of Dy, in period t and t+1.
Taking technology in period of t as reference, period t+1 is used. Reference
categories can be selected arbitrarily. Here, in the application related to the
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banks, the inputs vector is X;, = (X s Xopi--+-)" and the output vector is

Yo = Yanes Yo ) with (h=1,2,.....,0).

4. EMPIRICAL FINDINGS

In Turkey, before and after the 2001 financial crisis, a series of banks
were closed down or the management of these banks was transferred to the
state. Following these negative changes in the banking sector, a series of
legal arrangements and some structural changes were made between 2003
and 2012. The activity analysis with seven inputs and five outputs variables
of the private domestic banks, the private foreign banks, and the public
banks was implemented. This amount of inputs was not included in some
other studies. For instance, in the analyses of the Turkish banking sector;
Isik and Hassan (2003) utilized 3 input and 4 output variables, Mercan et al.
(2003) used 2 input and 3 output variables, and Fukuyama and Matousek
(2011) used 2 input and 2 output variables. In this respect, the number of
the input and output variables used in this study is one of the essential
differences of this study.

Another point is that ten-year TE and AE data were used in this
study. Economic efficiency data is not stated here again when it is a
multiplication of these two data outputs. After the comparison of the TE
and the AE, determining the outputs which have corrective or detractive
effects on these scores in the econometric method is investigated.

While determining the efficiency scores by the DEA, the surplus of
the inputs and the scarcity of the outputs are determined by using input-
oriented or output-oriented models. The TE and the AE are calculated by
using an input-oriented CCR model, which is referred to as the constant
returns to scale, and an input-oriented BCC model, which is referred to as
the vatiable returns to scale. Thus, the success of the econometric method
determining the efficiency scores is observed.

In this study, the CCR model referring to as the constant returns to
scale and the BCC model referring to as the variable returns to scale were
used to conduct an efficiency analysis and the results are evaluated. The
Table 2 below indicates the descriptive statistics of the inputs and the
outputs comprising of 230 data for the years from 2003 to 2012. As seen in
the table, the net assets variable has the highest values and the deposit
variable has the highest standard deviations.
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The TE and AE scores determined by the CCR model for 23 banks
are given in Table 3. While only 3 banks did not have TE in 2003, 18 banks
did not have AE in the same year. After ten years, the number of the banks
without TE increased to 6, and the number of those without AE to 19.
Thus, at the end of this period, approximately 26% of the banks, analyzed in
the CCR model, did not have TE and 83% did not have AE.

It is observed that some of the banks were not efficient in terms of
AE during this term. Among these banks, Turkish Bank and FibaBank did
not have AE. Along with this fact, the former had four years and the latter
had five years of efficiency. On the other hand, the public banks including
Ziraat, Vakif and Halk Bank did not seem to have AE. Isbank, one of the
biggest banks in Turkey; and Turk Ekonomi Bankasi (TEB) with lower
deposit amount are among the banks with low performance. Considering all
these years, 2008 was the most effective year for all the banks. And 2011
and 2012 were the years when the banks had the lowest performance.
Considering the efficiency rate, FibaBank had the lowest efficiency ratio in
this period. When FibaBank is taken as an example, the AE score was 19%
in 2003. Even though the number of the efficient banks decreased, the
efficiency scores increased.

Table 4 gives the estimations for the same efficiencies with the BCC
model. In 2003, only one bank did not have TE and ten banks did not have
AE. After ten years, in 2012, the number of the banks without TE
quadrupled, and the banks without AE rose up to sixteen. Thus in 2012,
17% of the banks did not have TE and 67% did not have AE.

The efficiency of the banks was higher in the BCC model and 2008
was the most efficient year for the banks. In this model, it was seen that the
small scale banks were less efficient. TurkishBank, FibaBank, T-Bank,
BurganBank and TekstilBank were among the banks with the lowest
efficiency. The AE score of Turkish Bank in 2003 was only 20%. As in the
CCR model, even though the number of the efficient banks decreased in
number, the efficiency scores in the BCC model also increased.
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Contributions to the Efficiency and TFP: DEA with Panel Regression

The panel regression parameters for the TE and the AE scores
obtained in the CCR and the BCC models were estimated. In this
estimation, the outputs for the efficiency scores are used as independent
variables, and the efficiency scores are used as dependent vatiables. These
TE and AE scores are related to the panel regression analysis for each
DMU. Four panel regression analyses- two for the efficiencies, two for the
models- are implemented. This classification was made regardless of the sign
which might be negative or positive. The logarithms of the independent
variable models are given as:

TEccr = B + Boln CLe + B5 nOL, + By InT1, + Bs lnRE, + Bs ln OO, (6)
TEscc: = i+ BolnCLa + 5 nOL, + Buln1l, + B5 nRF, + B ln OOL, (7)
AEccrs = B+ BolnCLe + 5 nOL, + Buln 11, + f5 nRF, + B ln OOL, (8)
AEpcc; = i+ BolnCL: + S5 n Ol + By ln1l, + Bs nRF, + S ln OO, (9)

Each of the scores contains data as the same number as the number
of DMUs (number of companies). These regression analyses were estimated
one by one with fixed effects and random effects methods. In the
estimations, the method of the random-effects panel regression analysis
where technical and AE scores are used as dependent variables was found
correct according to the Hausman’s test.

In Table Al, the estimation of AE score in the CCR (AEccr) model,
credits & lending and the interest income have a negative significant effect
on the efficiency whereas the received fees & commissions has a positive
significant effect on the efficiency score. In, the regression where the TEccr
score is a dependent variable, the credits & lending has a negative effect on
the efficiency and the other operational income and received fees &
commissions have a positive effect on the efficiency score, as shown in

Table A2.

In Table A3, in the regression where the AEpcc score is a dependent
variable, the credits & lending and the interest income have a negative
significant relationship with the efficiency whereas the operational income
has a positive significant effect on the efficiency. Finally, in Table A4, in the
estimation of TE score in the BCC (TEgcc) model of the panel regression
analysis, efficiency score has a negative relationship with the credits &
lending and a positive relationship with the other operational income.

Considering the four panel regression estimations results above, all
the bank credits were found to have a negative and a significant relationship
on the efficiency scores in all the estimation models. Besides, when the TE
score is taken as a dependent variable, the other operational income has a
significant and a positive relationship on the efficiency. Kabasakal et al.
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(2012) obtained a set of fewer numbers of meaningful estimators. It can also
be said that credits & landing has a negative effect on the efficiency. On the
other hand, other operational income has increased the efficiency of the
banks. Expanding banks’ service areas in usual bank activities other than
credits is found to be a factor increasing efficiency. It is interesting that
none of the other independent variables have a significant effect on the
efficiency of the banks.

4.1. Total Factor Productivity Analysis with Malmquist Index

Productivity scores and parameter estimations of the companies atre
obtained separately in terms of TFP Analysis with an output-oriented MI. In
this analysis, values for TFP Change (tfpch), Technical Change (techch),
Efficiency Change (effch), Pure Efficiency Change (pech), and Scale Change
(sech) for these companies were estimated. The Figure 1 shows the
progresses and the fluctuations of the efficiency changes. The variables
techch and tfpch has similar behaviors and their fluctuations are higher
compared to those of the other variables.

Figure 1. Fluctuations in Efficiency Scores
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Table 5 below shows the results of the constant returns and input-
oriented TFP model by using the MI. In the beginning, the TFP for five
years, mainly the first two years, 2004 and 2005, is below one. The lowest
productivity is in 2011 with a decrease of 15%. The highest productivity is
in 2006 with an increase of 11.5%. When the mean values are considered, as
the mean of the period, the TE change, the pure efficiency change and the
change in the TFP are below one. That is to say, the productivity change in
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the period shows a decreasing trend. The TFP exhibits a decrease at the rate
of 0.5% implying that banks did not incur much loss.

Table 1. Malmquist Index: Annual Average Efficiency

Year effch techch pech sech tfpch
2004 0.997 0.874 0.980 0.980 0.871
2005 1.017 0.980 1.006 1.006 0.997
2006 1.015 1.098 1.011 1.011 1.115
2007 0.995 0.966 1.003 1.003 0.961
2008 1.012 1.014 1.002 1.002 1.026
2009 0.983 1.014 0.989 0.989 0.997
2010 1.008 1.077 1.005 1.005 1.086
2011 0.989 0.860 0.993 0.993 0.851
2012 1.000 1.086 0.996 0.996 1.087
Mean 1.002 0.993 0.998 1.004 0.995

The Table 6 below shows the TFP and the other efficiency changes
of the banks within the given time in the MI. When the efficiency during the
entire period for all the companies is considered, it can be seen that pech
value decreases at the rate of 0.2%, whereas techch value does not change at
all, and that effch and tfpch values increase at the rate of 0.2%, and sech
value increases at the rate of 0.4%. There are 5 companies with a TFP is
below one. Considering the means of the efficiency for all the business
enterprises, all the others except one with a pure efficiency change are
observed to increase at the level of thousandths.

5. CONCLUSION

In this study, the TE and the AE scores of 23 efficient commercial
banks in Turkey are obtained from two models using the DEA in a ten-
year-period covering the years from 2003 to 2012.

In the TE Analysis by the CCR model only 3 banks were not efficient
for the first year; however, this number increased to 6 at the end of that
period. In the AE Analysis, only 5 banks were efficient in the first year and
this number decreased to 4 in the last year. The AE was pretty low and this
inefficiency continued for ten years. At the end of ten years, the number of
the banks without TE increased to 6; and the number of the banks without
AE increased to 19. Thus, in the analysis of the CCR model at that period,
approximately 9-26% of the banks did not have TE, and 70-83% of the
banks did not have AE. It is observed that 2 banks were never efficient in
terms of AE; however, the same two banks had TE for only 4 times.
Overall, all the banks had their highest TE scores in 2008 and the lowest
scores in the years 2011 and 2012.
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Table 2. Malmquist Index: Firms’ Average Efficiency

Company effch techch pech sech tfpch
Akbank 1.000 1.022 1.000 1.000 1.022
Abank 1.000 1.010 1.000 1.000 1.010
Anadolubank 0.993 1.057 0.994 0.999 1.049
A&T Bank 1.000 0.984 1.000 1.000 0.984
Burgan Bank 0.998 1.005 0.995 1.003 1.003
Citibank 1.000 1.030 1.000 1.000 1.030
Denizbank 1.000 1.031 1.000 1.000 1.031
Deutsche Bank 1.000 0.555 1.000 1.000 0.555
Fibabanka 1.081 1.064 1.000 1.081 1.150
Finansbank 1.000 1.004 1.000 1.000 1.004
Hsbc 0.997 0.999 1.000 0.997 0.996

Ing Bank 1.000 1.061 1.000 1.000 1.061
Sekerbank 1.000 0.993 1.000 1.000 0.993
Tekstilbank 0.997 1.075 0.999 0.999 1.072
Turkishbank 0.971 1.073 0.972 0.999 1.042
Tbank 1.000 1.067 1.000 1.000 1.067

Teb 1.004 1.005 1.000 1.004 1.010

Ziraat Bankasi 1.000 0.977 1.000 1.000 0.977
Garanti 1.000 1.014 1.000 1.000 1.014
Halkbank 1.000 0.984 1.000 1.000 0.984
Turkiye Is Bankast 1.006 1.013 1.000 1.006 1.020
Vakifbank 1.001 1.045 1.000 1.001 1.046
Yapikredi 1.000 1.013 1.000 1.000 1.013
Mean 1.002 1.000 0.998 1.004 1.002

In the analysis of the BCC model, while the number of the banks
without TE at the beginning of the period was one, it rose up to 4 at the
end. The number of the banks which had AE was 13 and it decreased to 7
at the end. Thus in 2012, 17% of the banks did not have TE, and 69% did
not have AE and 2008 was the year when all the banks had TE. The small
scale banks were less efficient in this model. Even though the efficiency of
banks decreased in number, similar to the CCR model, efficiency score
increased in BCC model as well.

Taking the AEccr as a dependent variable in the regression, credits &
lending and interest income in the estimation carried out with the AE score
in the CCR model are found to be negative and significant on the efficiency,
and the received fees & commissions have a positive and a significant
relationship with the efficiency. In the regression when the TEccr score is a
dependent variable, the credits & lending have a negative effect on the
efficiency score and other operational income and received fees &
commissions have a positive effect.

The results related to the constant returns and the input-oriented
TFP were found by using the MI. In the beginning, the TFP in the terms of
five years, for the first two years, 2004 and 2005, it is below one. The lowest
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productivity is observed in 2011 with a decrease at the rate of 15%. The
highest productivity is seen in 2006 with an increase at the rate of 11.5%.
When the mean values are considered, as the mean of the period, the TE
change, the pure efficiency change and the change in the TFP are below
one. It can be said that the productivity change in the period shows a
decreasing trend. The TEFP exhibited a decrease only at the rate of 0.5%.
Considering this number, it can be claimed that during the investigated
period of time, banks did not incur much loss.
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APPENDICES

Table A 1. Panel Regression Estimators of AE with CCR Model

Dependent Variable: AEccar: CCRAE; Sample: 2003 2012; Method:
Panel EGLS (Cross-section random effects)

Variable Coefficient  Std. Error t-Statistic ~ Prob.
LnCL -0.014561 0.005940 -2.451578  0.0150%*
LaRF 0.048093 0.014123 3.405307  0.0008**
LnlI -0.074359  0.025284 -2.940906  0.0036**
LnOI 0.014556 0.031142 0.467409  0.6406
LnOOI 0.018432 0.011273 1.635114  0.1034
C 1.026307 0.049255 20.83659  0.0000
Effects Specification
S.D. Rho
Cross-section random 0.042173  0.0919
Idiosyncratic random 0.132544  0.9081
Weighted Statistics
R-squared 0.116609 Mean dependent var 0.597779
Adjusted R- 0.097733 S.D. dependent var 0.140221
squared
S.E. of regression  0.133192 Sum squared resid 4.151213
F-statistic 6.177657 Durbin-Watson stat 1.821331
Prob(F-statistic) 0.000021
Unweighted Statistics
R-squared 0.102067 Mean dependent var 0.848004
Sum squared resid  4.596142 Durbin-Watson stat 1.645017
Correlated Random Effects - Hausman Test
Test cross-section random effects
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Cross-section random 7.294286 5 0.1997

(=) P<0.01, () P<0.05
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Table A 2. Panel Regression Estimators of TE with CCR Model

Dependent Variable: TEccre CCRTE; Sample: 2003 2012; Method: Panel
EGLS (Cross-section random effects)

Variable
LnCL
LnRF
Lnll
LnOI
LnOOI
C

Cross-section random
Idiosyncratic random

R-squared
Adjusted R-squared
S.E. of regression
F-statistic
Prob(F-statistic)

R-squared
Sum squared resid

Coefficient  Std. Error  t-Statistic
-0.009287  0.002206  -4.209461
0.013910 0.005357  2.596738
0.004985 0.009370  0.532015
-0.016265  0.011563  -1.406692
0.015144 0.004230  3.579956
1.066418 0.018275  58.35335
Effects Specification
S.D.
0.000000
0.051487
Weighted Statistics
0.164416 Mean dependent var
0.146562 S.D. dependent var
0.049989 Sum squared resid
9.208742 Durbin-Watson stat
0.000000
Unweighted Statistics
0.164416 Mean dependent var
0.584748 Durbin-Watson stat

Correlated Random Effects - Hausman Test
Test cross-section random effects

Test Summary
Cross-section random

Chi-Sq. Statistic
1.067286 5

(**) P<0.01, (*) P<0.05

Chi-Sq. d.f.

Prob.
0.00007%*
0.01007%*
0.5952
0.1608
0.0004*
0.0000

Rho
0.0000
1.0000

0.985000
0.054112
0.584748
1.924663

0.985000
1.924663

Prob.
0.9570
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Table A 3. Panel Regression Estimators of AE with BCC Model

Dependent Variable:AEgccar; BCCAE Sample: 2003 2012; Method:
Panel EGLS (Cross-section random effects)

Variable Coefficient  Std. Error t-Statistic Prob.
LnCL -0.022972 0.004259 -5.393372 0.00007%*
LaRF 0.015657 0.010342 1.513895 0.1314
LnlI -0.038304 0.018089 -2.117482 0.0353*
LnOI 0.062804 0.022323 2.816107 0.0053**
LnOOI 0.013427 0.008167 1.644080 0.1015
C 1.058955 0.035282 30.01377 0.0000
Effects Specification
S.D. Rho
Cross-section random 0.000000 0.0000
Idiosyncratic random 0.099402 1.0000
Weighted Statistics
R-squared 0.280125 Mean dependent var 0.925700
Adjusted R- 0.264743 S.D. dependent var 0.116727
squared
S.E. of regression ~ 0.100090 Sum squared resid 2.344221
F-statistic 18.21130 Durbin-Watson stat 2.200032
Prob(F-statistic) 0.000000
Unweighted Statistics
R-squared 0.280125 Mean dependent var 0.925700
Sum squared resid =~ 2.344221 Durbin-Watson stat 2.200632
Correlated Random Effects - Hausman Test
Test cross-section random effects
Test Summary Chi-Sq. Statistic ~ Chi-Sq. d.f.  Prob.
Cross-section random 8.323894 5 0.1393

(=) P<0.01, () P<0.05
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Table A 4. Panel Regression Estimators of TE with BCC Model

Dependent Variable: TEgccres; BCCTE Sample: 2003 2012; Method:
Panel EGLS (Cross-section random effects)

Variable Coefficient ~ Std. Error  t-Statistic Prob.
LnCL -0.006689 0.001742  -3.839029 0.0002**
LaRF 0.005499 0.004231  1.299818 0.1949
LnlI -0.005176 0.007400  -0.699425 0.4850
LnOI 0.002584 0.009132  0.283012 0.7774
LnOOI 0.010417 0.003341  3.118135 0.0020%*
C 1.042215 0.014433  72.20847 0.0000
Effects Specification
S.D. Rho
Cross-section random 0.000000 0.0000
Idiosyncratic random 0.040664 1.0000
Weighted Statistics
R-squared 0.138597 Mean dependent var 0.989271
Adjusted R- 0.120190 S.D. dependent var 0.042331
squared
S.E. of regression  0.039706 Sum squared resid 0.368909
F-statistic 7.529942 Durbin-Watson stat 2.104847
Prob(F-statistic) 0.000001
Unweighted Statistics
R-squared 0.138597 Mean dependent var 0.989271
Sum squared resid  0.368909 Durbin-Watson stat 2.104847
Cortrelated Random Effects - Hausman Test
Test cross-section random effects
Test Summary Chi-Sq. Statistic ~ Chi-Sq. d.f.  Prob.
Cross-section random 2.938215 5 0.7095

(%) P<0.01 , (¥) P<0.05
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