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Abstract: This research aims to measure the change of provincial development levels of
Turkey’s 81 provinces through banking sector data. The applied methodology is the
Malmquist Total Factor Productivity Index (MTFPI). We perform the analysis based on two
models. The main difference between models relies on handling the factor associated with
‘loans’. The first approach sees the loans as an output factor, which is based on the idea
that loans indicate investment and therefore development. In the second model, we take
the loans as an input factor, which represents the idea that loans indicate debt and
therefore they should be minimized. We evaluate the findings with respect to geographical
classification and the province development index.
Key Words: regional development, banking system, data envelopment analysis,
Malmquist Total Factor Productivity Index.

Introduction
Measuring regional development levels is important in shaping micro and macro planning.
Such measurements can provide insight on what to be prioritized in policies or investments
while generating long-term development plans, as well as, it is possible to identify potential
allocation areas for the resources and funds in the short-term. Having an idea on the level of
financial, intellectual and environmental development at the regional level is beneficial for
identifying reference provinces and preparing improvement policies for the undeveloped ones.
Accordingly, various research can be found that evaluate the financial, intellectual and
environmental aspects of regional development at the provincial level. The studies address a
variety of issues, such as: identifying how effective the resources of provinces are used
(Giffinger et al. 2007, Ulucan and Atıcı 2010, Giffinger and Haindlmaier 2010, Raźniak et al.
2015); evaluating life quality in order to position the well-being of countries on a provincial basis
(Zhu 2001, Morais and Camanho 2011, Carboni and Russu 2015); determining the level of
provinces in terms of planning services (Lahdelma et al. 2002, O’Connor 2010); assessing
environmental development (Hanson et al. 2011, Sheng and Tang 2016); evaluating
intellectual development (López-Ruiz et al. 2014, Nitkiewicz et al. 2014); and the measurement
of competitiveness among provinces (Kourtit et al. 2013, Singhal et al. 2013a, Singhal 2013b).
Regional development is highly associated with regional prosperity. For measuring the level of
prosperity (therefore development) in a given region, the banking data, as well as the economic
indicators, can play a key role since they have the potential to give an idea on the financial
structure of the region. Such data can reveal how the money is distributed between deposits
and loans, which indirectly provides insight on the financing of the investments within the
region. Provincial-level evaluations using economic indicators (such as employment level, tax
revenues, imports, exports, size of the manufacturing industry in the given region, etc.) is very
common in evaluating regional development levels.
In this research, we aim to incorporate a financial perspective to such evaluations using the
banking data of the provinces together with other indicators. The banking data used in this
study include different types of loans (personal, sectoral and non-cash sectoral loans) given out

125

Bilge MEYDAN, Aydin ULUCAN, Kazim Baris ATICI

by the bank branches and deposits (deposits and foreign exchange deposits) in the branches
at provincial level. Together with indicators such as employment, participation rate in the labor
force, imports, exports and several indicators on investors, we aim to come up with a multidimensional measure of regional development with respect to the economic and financial
structure in 81 provinces of Turkey to reflect the level of prosperity as well. The analysis is
intending to evaluate the period following the 2008 crisis for which there exists a prevalent
claim that the Turkish financial sector has experienced the effects of this crisis less severely
than the western economies (Yörükoğlu and Atasoy 2010, Kibritci Artar and Atilgan Saridoğan
2012).
Data Envelopment Analysis (DEA) is a widely used methodology to evaluate relative
performance in the presence of multiple dimensions (input and output) in the intended
evaluations. It is a non-parametric method applied in both micro and macroeconomic levels
since its introduction by Charnes et al. (1978). DEA provides a relative measurement of
efficiency for the evaluated units. This is done by comparing the evaluated unit’s performance
with an efficient frontier using linear programming. In its standard use, the method measures
the relative efficiency at a point in time. Because it is a relative measure, the efficiency
measured at one point in time is relative to the given period’s frontier. When the evaluation
period changes, the frontier also changes and, therefore, the efficiency measure in a given
period may not be comparable with the next period’s measure. Building upon these facts on the
DEA measures, the Malmquist Total Factor Productivity Index (MTFPI) has been developed
(Caves et al. 1982, Färe et al. 1992) to measure the changes over time by considering both
changes in efficiency and the shift on the frontier from one period to another.
Our evaluations intend to involve the handling of multiple indicators as well as multiple periods
(2009-2014). Therefore, in measuring the provincial level financial performance, we use DEA
and MTFPI to observe the movement of the measures over time. With the use of these
methods, the efficiency score of each province and its change over time are measured relative
to all other provinces. We interpret the findings relying on the existing measure of the Provincial
Development Index (PDI) developed by Gül and Çevik (2015), classifying the provinces of
Turkey into 5 clusters relying on their development level. Regarding the model design, we
undertake the problem with two main approaches. The main difference between these two
approaches relies on handling the factor associated with ‘loans’. The first approach sees the
loans as an output factor, which relies on the idea that loans indicate investment and therefore
development. On the contrary, in the second model, we take the loans as an input factor, which
relies on the idea that loans indicate debt and therefore they should be minimized.
The current research evaluates the provincial development levels in Turkey and its change
over the years followed by the 2008 crisis, leaning on the idea that banking data can provide
additional perspective (regarding prosperity) to the assessment of regional development.
Commonly used economic factors are not ignored during evaluations, and instead, banking
sector data is articulated into conventional variables, resulting in a comprehensive look at
regional development. Inserting new dimensions to the problem enabled us to interpret the
provinces’ development level from a different angle, by discussing the provincial-level results
concerning the current classification regarding development. This provides us to observe how
the provinces that are currently identified as developed or underdeveloped perform with respect
to the models involving both economic and financial criteria. The results may reveal potential
improvement areas and the provinces that require attention in managing regional development.
The findings are also interpreted concerning the GDP change during the same period, which
reveals a similar pattern in one of the approaches.
The paper is organized as follows: Section 2 presents the basics of the DEA and MTFPI
methodologies. Section 3 is devoted to empirical application. We introduce the data set,
discuss the model design and present the findings in this section. Finally, Section 4 concludes.
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Methodology
The Malmquist Total Factor Productivity Index (MTFPI) is a Data Envelopment Analysis (DEA)
based approach that allows the efficiency measurement over a certain period (Malmquist 1953,
Caves et al. 1982, Färe et al. 1992). MTFPI measures the change in total factor productivity
between two data points by calculating the ratios of the differences of each data point relative
to the efficient frontiers of production technologies in each period. The distance function is used
for the measurement. It is a nonparametric measure of productivity change which also contains
information about the source of this change. The index represents the magnitude of
improvement (or decrease) in the productivity of the evaluated unit from period t to t+1 . The
calculation of the index relies on the evaluation of the unit in both periods c and t+1 followed by
cross evaluations of each period’s performance within the data of the other period by making
use of the fundamental CCR DEA model developed by Charnes et al. (1978). To calculate the
MTFPI for each unit, DEA linear programs should be solved.
Let us consider n decision-making units. We assume that each decision-making unit j for
j = 1,2,…,n uses m different inputs xij . For i = 1,2,…,m and it produces s different outputs. Yrj
For r = 1,2,…,s. Let ø represent the efficiency score for unit o. Variables ƛj are introduced
corresponding to each decision-making unit (i = 1,2,…,m )to form a Production Possibility Set
(PPS) consisting of observed units, their convex combinations, scaled units (because the
constant returns to scale are assumed) and outperformed units. The units on the boundary
(frontier) of the PPS are defined as efficient and they attain the efficiency score of 100%, where
the efficiency scores for others are measured relative to the frontier. The linear programming
formulation to calculate the efficiency score of unit o is given below:
(1)

In general, DEA models provide the efficiency measurement at a point in time. Let

In order to measure the change from one period to another, the MTFPI is calculated for each
unit. MTFPI consists of two components as Efficiency Change and Technological Change.
Efficiency Change refers to the ratio of efficiency score in period t + 1 to the efficiency score in
period t . This measure itself is not enough to identify the change in productivity from one
period to another because these scores are relative to different frontiers. Therefore, it is
essential to measure the change in the frontier from one period to another. This is the second
component of the MTFPI, known as technological change. The calculation of Efficiency Change
(EC) and Technological Change (TC) components for a unit are given below:
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(2)

(3)
Once both components are calculated relying on the linear programs, the MTFPI of a unit is
calculated as given below (given as
to represent the change from period t to
t + 1.
(4)

Data Envelopment Analysis (DEA) and related methodologies such as Malmquist Total Factor
Productivity Index (MTFPI) can be counted in the commonly used methods to measure the
relative performance of provinces regarding regional development. MTFPI enables the
application of DEA in multiple periods. Among the accounted research above, several DEA and
its associate methods (e.g. Super Efficiency, Fuzzy DEA, Malmquist Total Factor Productivity
Index) have been applied to different types of provincial data to come up with identifying
efficiency levels as well as a ranking of the provinces (for examples, see Zhu 2001, Giffinger
and Haindlmaier 2010, Ulucan and Atıcı 2010, Morais and Camanho 2011, Kourtit et al. 2013,
Nitkiewicz et al. 2014, Carboni and Russu 2015, Wang et al. 2016, Chen 2017, Li et al. 2017, Li
et al. 2018, Deilmann et al. 2018, Cao et al. 2019).
Banking is one of the major areas where DEA and MTFPI are also applied (some examples
include Paradi and Schaffnit 2004, Thoraneenitiyan and Avkıran 2009, Paradi et al. 2011, PiotLepetit and Nzongang 2014, Alves et al. 2020, Christopoulos et al. 2020). DEA is also used to
evaluate the performance of financial institutions (Sufian 2008, Cummins et al. 2010) and micro
-finance institutions (Gutiérrez-Nieto et al. 2009, Biener and Eling 2011, Bassem 2014).
Results
Data
In measuring the regional development at provincial-level in Turkey, we undertook 16 variables
(input and output factors). The set of factors involves economic indicators (such as employment
level, tax revenues, imports, exports, size of the manufacturing industry in the given region,
etc.) which are very common in evaluating the regional development levels. We benefited from
the previous literature while identifying these variables (Atan et al. 2004, Düzakın 2009, LópezRuiz et al. 2014, Nitkiewicz et al. 2014, Piot-Lepetit and Nzongang 2014, Carboni and Russu
2015). Within the scope of the research, we aim to incorporate a financial perspective to the
evaluations using the banking data of the provinces together with other indicators. Therefore,
the set of factors also includes factors from the banking sector in the provinces of Turkey. All
factors used in the study are explained below.
The factors related to the labor force (Turkish Statistical Institute 2016):
•
Participation Rate in Labor Force represents the total number of people participating in
the labor force in provinces between 2009 and 2014.
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•

Employment Rate represents the total number of employees hired in provinces between
2009 and 2014.

The factors related to the manufacturing industry (Turkish Ministry of Science, Industry and
Technology).
•
Number of Workplaces in Manufacturing Industry refers to the total number of active
firms in the period of 2009-2014.
•
Net Sales in Manufacturing Industry refers to net sales of firms (in Turkish Liras) by the
end of the year between 2009-2014.
The factors related to the banking sector (Banking Regulation and Supervision Agency 2016):
•
Personal Loans are cash credits used by individuals. It includes personal finance credit,
vehicle loan, commercial personal finance credit, and mortgage loan.
•
Sectoral Loans are cash loans provided for small, medium and large-sized commercial
enterprises for commercial goods and services purchase as their legal entity.
•
Deposits are bank accounts that contain money deposited to withdrawn at any time or
the end of a specific term or notice. This variable refers to the sum of all types of
deposit accounts (Turkish Lira) in banks of provinces.
•
Foreign Exchange Deposit (FED) Account refers to the sum of all foreign exchange
deposit accounts in banks of provinces. (Measured in Turkish Lira conversion).
•
Total TL+FED refers to the sum of all accounts in banks of provinces (measured in US
Dollars).
•
Non-Cash Sectoral Loans are bank’s credit facility by giving guarantee and bail in favor
of legal entities and appropriate credits for the sector of legal entities with the aim that
they could sustain their import and export activities. Letter of guarantee, external letter
of guarantee and letter of credits are included in this loan group.
The factors related to investment potentials (Central Registry Agency 2016):
•
The number of Investors refers to the number of individual investors registered in a
certain province and transacting in the stock market.
•
Total Account Balance refers to the total account balance amount of individual investors
registered in a certain province and transacting in the stock market.
The Factors associated with contribution foreign trade (Turkish Statistical Institute 2016):
•
Import represents total annual import activities carried out in provinces (measured in
Turkish Liras).
•
Export represents total annual export activities carried out in provinces (measured in
Turkish Liras).
Other Factors:
•
Tax Revenues represent the provincial-based tax revenues (in Turkish Liras). We
acquire data from the Turkish Revenue Administration (2016).
•
Energy Consumption expresses the total electrical energy consumed throughout a year
in provinces as MWh. It measures the total electricity consumption of both industry and
household in the provinces. The data source is the Turkish Statistical Institute.
Note that the factors associated with banking cover three main types of banks operating in
Turkey: Deposit Banks, Participation Banks (Interest-free banks) and Development &
Investment Banks. All categories include sub-categories as public, private and foreign banks.
The data is collected from the database of the Banking Regulation and Supervision Agency of
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Turkey at provincial level for all types.
Findings
We establish two models in handling the factors listed above. The controversy is related to the
factors related to ‘loans’. We approach these variables from two perspectives. The first
approach looks at the loans as an output factor, which relies on the idea that loans indicate
investment and therefore development. On the contrary, in the second model, we capture the
loans as input factors, relying on the idea that loans indicate debt and therefore they should be
minimized. This means that for loans, we have “the more is better” in one model and “the less
is better” in another, respectively. Hence, we consider the factors associated with loans in our
models as proxies of investment or indebtment in the given region. Below, we provide the
findings of both models.
Model 1: Loans as Outputs
The model includes 9 outputs and 7 inputs that 81 provinces and the data from 2009-2014.
Inputs and outputs used in the analysis are given in Table 1. Scores for each province are
presented in Table A1 of the Appendix.
Fig. 1 presents the movement of the Malmquist Total Factor Productivity Index (MTFPI) over
years together with its components. The MTFPI moves along with the technological change
component in the period of 2009-2014. 2009-2010 is the most progressive period, while the
most decrease is observed in the 2011-2012 period. The efficiency change component is more
stable, in general. This shows that the changes in MTFPI are mostly caused by the shift in the
investment environment (represented by technological change), rather than the individual
changes in the financial structure of provinces (that can be embodied by the efficiency change
component). Taking 2009 as the base year, the relationship between technological change and
MTFPI can also be observed in Table 2. While the efficiency change component decreases
Table 1

Input and Output Factors for Model 1
Inputs
Participation Rate in Labor Force
Employment Rate
Number of Workplace in Manufacturing Industry
Net Profit In Manufacturing Industry
Import
Export
Energy Consumption

Outputs
Personal Loans
Sectoral Loans
Deposits (Turkish Lira)
Deposits (Foreign Exchange)
Total Deposits
Non-Cash Sector Loans
Tax Revenues
The Number of Investors
Total Account Balance

with the rate of 1% between the years of 2009-2014, the technological change component
increases by 76%, resulting in a 75.4% increase in total productivity.
Since it is observed that technological change is dominant in increasing the total productivity, it
is reasonable to observe its relationship with the GDP growth in the country over the given
period. Fig. 2 presents the GDP Increase with MTFP. Generally, the GDP increase rate of
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Fig. 1 - MTFP Change by Year (Model 1)
Turkey and the total factor productivity change seem to be parallel with each other. This is a
sign that economic growth over the given period has a reflection on local development.
Fig. 3 shows the change in total factor productivity based on PDI. The results are interesting.
Between 2002 and 2014, category 5, which consists of the least developed provinces, exhibit
the largest progress. Category 4 has also experienced growth between 2010 and 2011. The
Change in Cumulative Efficiency by Years (Model 1)
Years
2009
2010
2011
2012
2013
2014
Geometric Mean

Efficiency Change
1
0.978
0.984
1.006
0.999
0.997
0.993

Technological
Change
1
1.331
1.642
1.739
2.033
2.218
1.765

Table 2

Total Factor
Productivity
1
1.302
1.617
1.751
2.033
2.214
1.754

least progress is observed in the most developed category. These findings may indicate that
the growth in the post-crisis period seems to be deployed at different levels throughout the
country. It is observed that the categories with the least developed provinces (category 4 and
category 5) experience a noticeable growth relative to the other categories.
Model 2: Loans as Inputs
The model includes 6 outputs and 10 inputs of 81 provinces and the data from 2009-2014. The
inputs and outputs used in the analysis are given in Table 4. The scores for each province are
presented in Table A2 of the Appendix.
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Fig. 4 presents the movement of the Malmquist Total Factor Productivity Index (MTFPI) over
the years based on Model 2 together with its components. The largest fluctuation has been

Fig. 2 - GDP Growth Rate and Comparative MTFPI Chart (Model 1)
Table 3

Province Classification of PDI

# of Provinces

Category 1

Category 2

Category 3

Category 4

Category 5

6

17

27

14

17

Fig. 3 - Total Factor Productivity Change by PDI (Model 1)
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observed between the years 2009-2011. In this model, MTFPI also moves along with the
technological change rather than the efficiency change. The directions are opposite with the
Model 1 findings since the factors have changed sides.
Table 5 reveals the MTFPI over the years and it indicates a decrease in terms of total
Input and Output Factors for Model 2
Inputs
Participation Rate in Labor Force
Employment Rate
Number of Workplace in Manufacturing Industry
Net Profit in Manufacturing Industry
Personal Loans
Sectoral Loans
Non-Cash Sector Loans
Energy Consumption
Import
Export

Table 4

Outputs
Deposit (Turkish Lira)
Deposit (Foreign Exchange)
Total Deposit
Tax Revenues
Number Of Registered Investor to
Stock Market
Total Amount Of Account Balance

productivity caused by technological change. By looking at the results in Table 2 and Table 5
together, it is possible to say that the direction of productivity depends on the treatment of
loans. If loans are input factors, then there is a decline in the total productivity and vice versa.
Model 2 results can also be interpreted in terms of PDI. Fig. 5 presents the movement of
MTFPI with respect to different categories. Every category experiences a decrease except for

Fig. 4 - Chart of MTFP by years (Model 2)
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category 4 between 2010 and 2011 (none of the MTFPI values are over 1 except for that one).
Categories 1, 2, 3 and 5 follow mainly a stationary movement over the years. For category 4,
there is a spike in 2011, followed by a relatively slower growth .

Change in the Cumulative Efficiency by year (Model 2)
Years
2009
2010
2011
2012
2013
2014

Efficiency Change
1
1.057
1.050
1.039
1.044
1.062

Technological Change
1
0.773
0.742
0.700
0.645
0.630

Table 5

MTFPI
1
0.817
0.779
0.726
0.673
0.668

Discussion
The findings presented in the previous section indicate that if the factors related to loans
(personal loans, sectoral loans, and non-cash loans) are treated as outputs, growth in
productivity is observed. Treating ‘loans’ as an output factor yields scores that are more closely

Fig. 5 - Total Factor Productivity Change by PDI (Model 2)
related to the GDP growth of Turkey during the given period. Fig. 6 visualizes the MTFPI
scores of Model 1 at provincial level. It is noticeable that the eastern parts of the country
experience a larger growth relative to the west. Some provinces attain a very high level of
change (greater than 4), mostly located in the east. The east mostly consists of category 4 and
5 provinces; however, these provinces experience the largest growth according to Model 1.
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Note that Model 1 considers ‘loans’ as outputs. We approach the factors associated with loans
as a proxy of investment in this model. Of course, one should note that the analysis does not
solely rely on the variables associated with loans. There are other financial outputs and also an
input side of the story. We have variables on employment, the size of the manufacturing
industry, etc. These will also differ between high-income and low-income provinces.
Nevertheless, the Data Envelopment Analysis is about accounting for such trade-offs through
the multi-dimensional relativity of output/input ratios. From that perspective, in the post-crisis
period, there had been an expansion in the financial system at regional level, especially for less
developed provinces according to Model 1. If loans indicate investment, then there had been a
growth in regional development for the less developed regions after the 2008 crisis.
On the other hand, loans can be thought of as the proxy of indebtment as in Model 2. Fig. 7
visualizes the MTFPI scores of Model 2 at provincial level. It is observed that the majority of the
provinces exhibit a decrease. When Fig. 6 and Fig. 7 are compared, it can be seen that only a
few of the provinces could keep their productivity growth position. One province experiences a

Fig. 6 - Provinces by their MTFPI Scores (Model 1)
high level of growth and only 10 provinces attain a score greater than 1. So, when the factors
associated with loans are taken as inputs, the development levels of the provinces concerning
banking and finance data reveal a decrease in all categories of provinces. This, of course,
contradicts with the GDP growth during the given period. Note that loans include the cash and
non-cash sectorial loans. If loans indicate debt, then there had been a decline in regional
development for the entire country after the 2008 crisis. One advocating loans as a means of
debt would think that the decrease in the development levels in the post-crisis period is based
on recovering the effects of the recession during the crisis, which would be reasonable. The
contradictions between the results of the two models reveal that the idea of growth is mainly
affected by depending on the opinion towards the ‘loans’ provided by the banks.
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It should also be noted that the technological change component is more effective in the
change of MTFPI. The change mostly relies on the shifts on the frontier, in other words, the
technological change component. Rather than individual changes in the scores (corresponding
to the efficiency change component) of individual units (provinces in our case), the growth, or
decline mostly, is mainly based on the shift of the frontier as a whole. In other words, from
whichever perspective we approach the problem, the effects of the crisis are visible throughout
the entire sample rather than the small changes at unit level.

Fig. 7 - Provinces by their MTFPI Scores (Model 2)
Conclusions
In this paper, we aim to measure the provincial level financial performance of Turkish provinces
using banking and finance data along with other economic indicators. For this purpose, we
develop two Data Envelopment Analysis (DEA) models, mainly differing from each other in
terms of handling the factors associated with ‘loans’, which turns out to affect the results when
the direction of those variables is changed. The methodology is based on relativity and multidimensionality so that a broad perspective on regional development is aimed to be presented.
As well as being a non-parametric efficiency evaluation method, DEA can also serve as an
effective tool for a relative assessment in measuring regional development levels. Besides, we
use a multi-period structure and the Malmquist Total Factor Productivity Index (MTFPI) method
is employed to measure the change in 5 years after the 2008 crisis (between 2009 and 2014).
The index is composed of two main components, namely as efficiency change and as
technological change. The former represents the changes in the efficiency of individual units,
whereas the latter is based on the shift in the production technology as a whole. The results are
interpreted with respect to cumulative changes and to provincial development index categories.
The results presented at cumulative and provincial level categories may reveal potential
improvement areas and the provinces that require attention in managing regional development.
We evaluate the provincial development levels in Turkey and its change over the years, leaning
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on the idea that banking data can provide an additional perspective to the assessment of
regional development. Considering the banks’ key role in the financial system, the evaluations
fed by the banking perspective along with the macroeconomic indicators can contribute to the
way we approach regional development. The use of DEA in a mix of economic and financial/
banking indicators conveys a new perspective to the assessment. Of course, banking data
requires careful handling since different perspectives may lead to different directions as
exposed by the findings of this research.
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Province Classes in PDI
Categories
Category 1

Category 2

Category 3

Table A3

Provinces
Ankara, Antalya, Bursa, İstanbul, İzmir, Kocaeli
Adana, Aydın, Balıkesir, Çanakkale, Denizli, Eskişehir, Gaziantep, Hatay,
Kayseri, Konya, Manisa, Mersin, Muğla, Sakarya, Samsun, Tekirdağ,
Trabzon
Afyonkarahisar, Amasya, Bartın, Bilecik, Bolu, Burdur, Çorum, Diyarbakır,
Düzce, Edirne, Elazığ, Erzurum, Isparta, K. Maraş, Karabük, Karaman,
Kırıkkale, Kırklareli, Kütahya, Malatya, Nevşehir, Rize, Sivas, Şanlıurfa,
Uşak, Yalova, Zonguldak

Category 4

Aksaray, Artvin, Çankırı, Erzincan, Giresun, Kastamonu, Kırşehir, Mardin,
Niğde, Ordu, Osmaniye, Sinop, Tokat, Tunceli

Category 5

Adıyaman, Ağrı, Ardahan, Batman, Bayburt, Bingöl, Bitlis, Gümüşhane,
Hakkari, Iğdır, Kars, Kilis, Muş, Siirt, Şırnak, Van, Yozgat

Fig. A1 - Classified Provinces of Turkey
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