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Abstract: Numerous studies in the literature classify provinces in Turkey using various indicators such as socio-
economic development, education, and health, and examine clustering structures based on similarities or
differences. This study differs by classifying provinces according to bank deposits and bank loans and evaluating
their clustering patterns. Six variables related to deposits and loans were used, and the data were obtained from
the 2022 statistics of the Turkish Banks Association. Per capita bank deposits and loans were calculated using
2022 provincial population figures, and clustering analyses were conducted based on these per capita values. As
the number of clusters, six tiers defined in the SEGE2017 socio-economic development rankings of the Ministry
of Industry and Technology were adopted. Additionally, changes in clustering structures were examined for
different cluster counts. Although various classification studies exist, this study represents a new attempt in terms
of socio-economic development levels, as it evaluates provinces according to SEGE2017 while using financial
indicators. For clustering, k-means, complete linkage, Ward’s method, and median clustering were applied. Across
all methods, results based on both per capita deposits and loans exhibit notable similarities regardless of the number
of clusters. Istanbul and Ankara consistently appear together in a single cluster, while Izmir, Antalya, Bursa, and
Mugla are grouped in another. This may be due to the concentration of population in these provinces and their
higher level of development compared to other provinces. Most provinces fall into two broad categories and are
therefore not compatible with the SEGE2017 provincial classification structure.
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BANKALARDAKI MEVDUAT VE KREDILER ACISINDAN KUMELEME
YONTEMLERI KULLANILARAK iLLERIN SINIFLANDIRILMASI

Ozet: Literatiirdeki birgok calisma, Tiirkiye'deki illeri sosyoekonomik gelismislik, egitim ve saglik gibi gesitli
gostergeler kullanarak siniflandirmakta ve benzerlikler veya farkliliklara dayali kiimelenme yapilarim
incelemektedir. Bu calisma, illeri banka mevduatlari ve banka kredileri agisindan siniflandirarak kiimelenme
modellerini degerlendirmesi bakimindan farklilik gostermektedir. Mevduat ve kredilerle ilgili alti degigsken
kullanilmis ve veriler Tiirkiye Bankalar Birligi'nin 2022 istatistiklerinden elde edilmigtir. Kisi basina banka
mevduatlar1 ve kredileri, 2022 il niifus rakamlari kullanilarak hesaplanmis ve bu kisi basina degerlere dayali olarak
kiimelenme analizleri yapilmistir. Kiime sayist olarak, Sanayi ve Teknoloji Bakanligi'nin SEGE2017 sosyo-
ekonomik gelismislik siralamasinda tanimlanan alt1 kademe benimsenmistir. Ek olarak, farkli kiime sayilar1 i¢in
kiimelenme yapilarindaki degisiklikler incelenmistir. Cesitli siniflandirma ¢aligmalart mevcut olmakla birlikte, bu
calisma, finansal gostergeler kullanilarak illeri SEGE2017'ye gore degerlendiren, sosyoekonomik gelismislik
diizeyleri agisindan yeni bir girisimdir. Kiimelenme icin k-means, tam baglanti, Ward yontemi ve medyan
kiimelenme uygulanmigtir. Tiim yontemlerde, kisi basina mevduat ve kredilere dayali sonuglar, kiime sayisina
bakilmaksizin dikkate deger benzerlikler gdstermektedir. Istanbul ve Ankara siirekli olarak tek bir kiimede yer
alirken, Izmir, Antalya, Bursa ve Mugla baska bir kiimede gruplandirilmistir. Bunun nedeni olarak niifus
yogunlugunun bu illerde toplanmis ve bu illerin gelismislik diizeyinin diger illere gore daha yiiksek olmasi olabilir.
Cogu il, iki genis kiimeye girmis ve bu yonden SEGE2017 il siniflandirma yapisi ile uyumluluk géstermemektedir.
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Introduction

In the banking sector, deposits and loans are considered two vital operational activities
for a bank. A deposit refers to money entrusted to institutions authorized to collect funds, either
remunerated (in exchange for a fee, right, or claim) or non-remunerated (without
compensation), and with the condition of repayment (Sener, 2019; Er, 2022). A loan, on the
other hand, is a concept with various definitions; however, its most common usage refers to the
provision of a certain amount of purchasing power to an individual or legal entity, with a
promise of repayment at the end of a specified term, in exchange for a fee (interest) (Koklii,
1967; Cagiran ve Ulusoy, 2019). It is possible to state that the deposit process, which is of vital
importance for banks, also makes a significant contribution to the national economy. In this
respect, it is a fact that deposits hold a crucial place among the resources of banks. Banks collect
deposits at relatively low interest rates and extend them as loans to those in need at higher
interest rates through loan agreements. Consequently, the interest rate difference constitutes the
profit of the bank(s).

Any differences observed between countries or between regions or provinces within a
country are characterised as regional imbalances. It is possible to measure and evaluate the
development levels of provinces in a country based on various factors. These factors can be
categorized as economic, social, educational, historical, geographical, climatic, financial,
strategic, etc. (Karabulut vd., 2004). Like in many other fields, Turkey has undertaken efforts
in the statistical domain to fulfill the obligations of European Union (EU) member states. In
this context, the Turkish Statistical Institute (TUIK) and the State Planning Organization (DPT)
established the Statistical Regional Units Classification (SRUC) in 2001. This classification
was published in the Legal Gazette on September 22, 2022, following the decision of the
Council of Ministers (2002/4720). Two main criteria were considered in the preparation of
SRUCs. The first of these criteria requires that each higher level be formed by combining its
own subordinate units, and the second requires that regional units form a continuous whole with
each other in terms of geographical boundaries (Erilli, 2014b; URL-1). The second criterion is
ensuring that regional units maintain geographical continuity and integrity.

The SRUC consists of three levels. According to the classification, Level-1 comprises 12
statistical regional units, Level-2 consists of 26 regions, and Level-3 represents 81 provinces.
After designating provinces as Level-3, Level-2 regions were determined.

In Turkey, provinces were classified as Level-3 due to their administrative structure and
the collection of statistical data (e.g., population, Agr1 (04) culture, industry) primarily at the
provincial level, aligning with the formation of NUTS-3 units in EU member states.
Additionally, as NUTS-2 units in EU member states are the regions that receive the most aid,
this criterion was also taken into account when defining Level-2 regions. Accordingly, Level-
2 regions were created from provinces that are socioeconomically and culturally similar,
geographically comparable, and share common challenges. The same approach was applied to
the formation of Level-1 regions. Table 1 presents the Level-1 regions, while Table 2 provides
the Level-2 regions and their regional center provinces.

Table 1. Level-1 regions

Code Level-1 Region Code Level-1 Region
TR1 Istanbul TR7 Centeral Anatolia
TR2 Western Marmara TRS Western Black Sea
TR3 Aegean TR Eastern Black Sea
TR4 Eastern Marmara TRA Northeastern Anatolia
TRS5 Western Anatolia TRB Middleeastern Anatolia
TR6 Mediterranean TRC Southeastern Anatolia
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Table 2. Level-2 regions

Code Level-2 Region Code Level-2 Region
TR10 Istanbul (34) TR71 Kirikkale (71)
TR21 Tekirdag (59) TR72 Kayseri (38)
TR22 Balikesir (10) TR&1 Zonguldak (67)
TR31 [zmir (35) TRS2 Kastamonu (37)
TR32 Aydin (09) TRS3 Samsun (55)
TR33 Manisa (45) TR90 Trabzon (61)
TR41 Bursa (16) TRAI Erzurum (25)
TR42 Kocaeli (41) TRA2 Agri (04)
TRS51 Ankara (06) TRB1 Malatya (44)
TR52 Konya (42) TRB2 Van (65)
TR61 Antalya (07) TRCl1 Gaziantep (27)
TR62 Adana (01) TRC2 Sanliurfa (63)
TR63 Hatay (31) TRC3 Mardin (47)

As an example of the SRUC, which facilitates the collection, development, and
harmonization of regional statistics while enabling socioeconomic analyses, Table 3 presents
the Level-1, Level-2, and Level-3 information for the Southeastern Anatolia Region.

Table 3. Southeastern Anatolia NUTS

Code Level-1 Region Code Level-2 Region Code Level-3 Region

TRCI11 Gaziantep (27)

TRC1 Gaziantep (27) TRCI12  Adiyaman (02)
TRC13 Kilis (79)
TRC21 Sanlwurfa (63)
TRC22  Diyarbakir (21)
TRC31 Mardin (47)
Mardin (47) TRC32 Batman (72)

TRC33 Sirnak (73)

TRC34 Siirt (56)

Southeastern TRC2 Sanliurfa (63)
Anatolia

TRC

TRC3

The objectives of establishing SRUCs can be summarized as follows: collecting and
developing regional statistics, conducting socioeconomic analyses of regions, defining the
framework for regional policies, and presenting fundamental indicators that contribute to the
establishment of a comparable statistical database aligned with the EU Regional Statistics
System (Erilli, 2014a). Moreover, in the SEGE 2017 report prepared by the General Directorate
of Development Agencies under the Ministry of Industry and Technology, provinces were
classified into six tiers based on their socioeconomic development rankings (SEGE, 2017). The
principal component values obtained through principal component analysis were used to
establish these rankings. The distribution of provinces across the six tiers is shown in Table 4.

In the literature, numerous studies classify Turkish provinces based on various indicators
such as socio-economic development, educational services, and health indicators, analyzing
their clustering structures according to similarities and differences. Unlike previous studies in
the literature, this study aims to classify provinces and evaluate their clustering structures based
on per capita bank deposits and bank loans.
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Table 4. Distribution of provinces by SEGE 2017 rankings (SEGE, 2017)

. Number of .
Tier . Provinces
provinces
1 9 Istanbul (34), Ankara (06), Izmir (35), Kocaeli (41), Antalya (07), Bursa

(16), Eskisehir (26), Mugla (48), Tekirdag (59).
Denizli (20), Sakarya (54), Yalova (77), Bolu (14), Konya (42), Aydin (09),
2 15 Isparta (32), Kayseri (38), Kirklareli (39), Bilecik (11), Canakkale (17),
Edirne (22), Karabiik (78), Manisa (45), Balikesir (10).
Mersin (Igel) (33), Trabzon (61), Adana (01), Zonguldak (67), Usak (64),
3 13 Gaziantep (27), Samsun (55), Burdur (15), Kirikkale (71), Diizce (81),
Karaman (70), Rize (53), Kiitahya (43).
Amasya (05), Hatay (31), Nevsehir (50), Afyonkarahisar (03) (03), Elaz1g
4 14 (23), Kirsehir (40). Malatya (44), Sivas (58), Bartin (74), Erzincan (24),
Kastamonu (37), Artvin (08), Corum (19), Aksaray (68).
Sinop (57), Giresun (28), Osmaniye (80), Cankir1 (18), Tokat (60), Nigde
5 14 (51), Kahramanmaras (46), Tunceli (62), Ordu (52), Erzurum (25), Kilis
(79), Yozgat (66), Glimiishane (29), Bayburt (69).
Adiyaman (02), Ardahan (75), Diyarbakir (21), Kars (36), Igdir (76),
6 16 Bingdl (12), Batman (72), Sanliurfa (63), Mardin (47), Siirt (56), Bitlis
(13), Van (65), Hakkari (30), Mus (49), Agr1 (04), Sirnak (73).

Importance of the Subject

The study assumes that population size may be a significant factor in the distribution of
bank deposits and loans across provinces. Therefore, per capita bank deposits and per capita
bank loans are used as the basis for analysis. By weighting deposits and loans -expected to be
naturally higher in densely populated provinces-according to population size, an attempt is
made to establish balance among provinces. Given the significance of banking transactions,
including deposits and loans, for both the national economy and individual livelihoods,
revealing the similarities among Turkish provinces in terms of per capita deposits and loans
may also serve as an indicator of their level of development.

Literature Review

The process of grouping statistical units with some characteristics into the same category
based on an evaluation of their similarities or differences is known as a classification or
clustering problem. The statistical units in question may be living entities or inanimate objects.
The literature contains studies on socio-economic data where provinces are treated as statistical
units, as well as studies evaluating bank activities where banks are treated as statistical units.
These studies focus on the classification of provinces, districts, regions, or banks.

In one of these studies, hierarchical clustering techniques were used to analyse the socio-
economic similarities between provinces in Turkey, and the similarities between the results
obtained from cluster analysis and those from multidimensional scaling analysis were discussed
(Karabulut vd., 2004). In another study, the similarities between provinces in terms of socio-
economic indicators were examined using cluster analysis and multidimensional scaling
analysis (Kili¢ vd., 2011). In another one, provinces in Turkey were classified according to their
similarities in terms of banking activities using cluster analysis, and this classification analysis
showed that the provinces were divided into six clusters (Y1lmaz ve Uzgoren, 2013). In a similar
study, clustering analysis was again used to compare indicators of access to and use of banking
services across provinces (Sarigiil, 2014). A study that applied fuzzy clustering analysis to
classify districts within the TR72 region according to socio-economic data showed that the
districts were grouped into four clusters (Erilli, 2014b). In another study also fuzzy set analysis
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was used to classify Level-2 regions and Level-3 regions, i.e. IBBSs, according to their level
of development based on financial variables (Erilli, 2014a).

Studies have also been conducted in which the most important determinants of the socio-
economic levels of provinces in Turkey were obtained through factor analysis, and the socio-
economic development levels of provinces in 2012 were obtained through principal component
analysis. This has provided a different perspective on determining the development levels of
units (Albayrak ve Savas, 2015). In a study on the classification of provinces using socio-
economic data, researchers employed the Grey clustering method. In the first stage, grey
correlation coefficient matrices were created using data obtained from the Turkish Statistical
Institute (TUIK). In the second stage, cluster analysis was used on variables identified in the
subcategories of demographics, education, Agriculture and livestock, socio-economics, health,
finance, and population and migration to determine the cluster structures of provinces
separately in each category (Karadas ve Erilli, 2023).

In a study that classified Turkish provinces based on banking data, credit usage levels
were taken into account, and a dataset related to the types of credit financing provided by banks
was utilized. Using this dataset, a clustering model for provinces was developed using the K-
means method (Tekin ve Temelli, 2020a). Another study evaluating Turkish provinces in terms
of banking activities used multivariate statistical analyses to examine similarities and
differences among provinces based on selected variables (Yaman Yilmaz, 2020). This study
applied principal component analysis (PCA) in the first stage to extract principal components
from banking data variables. In the second stage, clustering analysis was conducted using both
the original data and the principal component data to evaluate the clustering structures of
provinces. In addition to studies that analyze the clustering structures of provinces using
different variables related to socio-economic and banking factors, there are also studies that
assess the clustering or ranking of banks based on their operational characteristics. These
studies typically employ either multivariate statistical analyses or data envelopment analysis.
Studies such as the classification of commercial banks in Turkey using financial ratios with a
clustering analysis approach (Akgoz, 2010; Ayricay ve Akgoz, 2014) can be cited as examples
of this (Onder ve Ozyildirim 2010) investigated the relationship between economic growth at
the provincial level and public and private bank credits in Turkey using a fixed-effects model.
Other notable studies in this field include those by Aydin ve Bagkir (2013), Karaduman (2016),
Meydan (2016), Bulut (2019), Tekin ve Temelli (2020b), Karaatlhh ve Yildiz (2021), and
Acikalin (2023).

The primary distinction of our study from these previous works is that we analyze the
clustering structures of provinces based on per capita bank deposits (using six deposit-related
variables) and per capita bank loans (using six credit-related variables). This characteristic
makes our study a contemporary contribution to the literature.

Material and Method

Clustering Analysis

Clustering analysis is one of the multivariate statistical analysis techniques. A cluster is
a group formed by units that are similar or close to each other in certain characteristics, and the
analysis applied to uncover such groups is called clustering analysis. It is one of the most widely
used methods in classification studies. Cluster analysis, commonly used in the classification of
units, is a method that classifies units within the research subject by grouping them into specific
clusters based on their similarities or proximity, revealing their common characteristics and
enabling general descriptions of these clusters (Tathidil, 2002).
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Clustering analysis aims to partition units whose natural groups (classes) are not
explicitly known into a limited number of groups or clusters. This partitioning process ensures
that the units within the same cluster are similar to each other, while units in different clusters
are distinct from one another. As a result of this process, intra-cluster homogeneity and inter-
cluster heterogeneity emerge (Kalayct, 2005; Alpar, 2020).

Clustering analysis became widely used after the 1960s and includes various clustering
methods (Anderberg, 1973). The objectives of clustering analysis include identifying the true
types to which samples belong, facilitating modeling, making preliminary estimates within
groups, testing predefined hypotheses, clarifying data structure, reducing dimensionality, and
detecting outliers (Tatlidil, 2002; Alpar, 2020).

Clustering analysis is a collection of methods that help partition units, variables, or both
into subgroups (clusters or classes) based on the data matrix of a research subject where natural
groupings are not explicitly known (Ozdamar, 2013). Clustering analysis methods use distance
measures to assess similarities between units, where the closest units in terms of distance are
considered the most similar.

In this study, hierarchical clustering methods -complete linkage method, median
clustering method, and Ward’s clustering method- along with the non-hierarchical K-means
clustering method, were employed for unit clustering. Therefore, a brief introduction to these
methods is provided below. In clustering analysis, a data matrix X = [x]-,-]: pxn;(j=12,..,p

and i = 1,2, ...,n) is used in a study with p variables and n sample units.

The distances between units are calculated using Euclidean distance or squared
Euclidean distance. Let x; = [¥1i» = ,Xpi] and x; = [¥1» " ,Xp1] represent the
observation vectors of the i-th and [-th units, respectively. The Euclidean distance between
these two observation vectors is calculated as follows:

2
d(x;,x;) = \/25)=1(xji —xj1)” =+ —x) (%, — %) (1)
Meanwhile, the squared Euclidean distance is given by:

d* (x5, %) = X4 (% — sz)z = —x) ' (x; — xp) 2

Thus, the matrix of Euclidean distances between units is denoted as D = [dy]:n X n
and the matrix of squared Euclidean distances is denoted as D* = [d;;]: n X n. In this study,
squared Euclidean distance was used for Ward’s clustering method, while Euclidean distance
was used for the other methods.

Complete Linkage Clustering Method

The complete linkage method, also known as the farthest neighbor method, is a
hierarchical clustering method. In this method, each unit is initially considered a separate
cluster. First, a squared Euclidean distance matrix is created for the n units. In the initial stage,
the two units with the smallest distance in the distance matrix are identified and merged to form
a cluster. Subsequently, when determining the distances between the newly formed cluster and
the other clusters, the clusters with the largest distance are identified. The algorithm for this
method can be outlined as follows (Bulut, 2018):

1) The process starts by considering n units as n separate clusters, and the distance matrix
D is calculated.
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ii) The two closest clusters (i.e., the ones with the smallest d(x;, x;)) are merged.

ii1) The number of clusters is reduced by one, and the distance matrix is updated. The
updated distance between any clusters A and B is determined by taking the maximum distance
among all units in those clusters:

dap = d(A, B) = max{d(x;, x,)} 3)

1v) Steps (i1) and (ii1) are repeated n — 1 times until all units are merged into a single
cluster, or until a specific criterion is met. For example, the average distance between all units;

d=——30_,dy 4)

Ifd; > d for all elements of the updated distance matrix, clustering is stopped.
Median Clustering Method

This method also uses the Euclidean distance matrix for clustering units. It is a
hierarchical clustering method. The algorithm of the method can be described as follows.

1) The process begins by assuming n units and n clusters, and the D distance matrix is
calculated.

ii) The two closest clusters (those with the smallest (d(x;, x;) ) value) are merged. The
cluster centre of these two merged clusters is calculated. The cluster centre of this new cluster
A = (x;,x;) is found as:

- 1
%y =1 +x) 5)

ii1) The number of clusters is reduced by one and the distance matrix is updated. In
updating the distance matrix, the distance between any sets A and B is taken as the Euclidean
distance between the centres of the two sets. The centre of a set is the average vector of the
units in that set. Let x4 and x be the centres of sets A and B, respectively. The distance between
these two sets is

dap = d(x4,%p) = \/(EA —xg)' (x4 — Xp) (6)

This distance is known as the Euclidean distance between cluster centres. If the smallest
distance in the updated distance matrix is between sets A and B, these two sets are merged and
the centre of the new set is calculated based on the median/midpoint. In this case, the new set
centre will be:

Myp = %(EA + xp) (7)

1v) Steps (ii) and (iii) are repeated n-1 times until all units are grouped into a single cluster.
Ward's Clustering Method

This method is also known as Ward's least variance method. As a hierarchical clustering
method, it is known to have a tendency to merge clusters with few observations and to form
clusters with an equal number of units (Alpar, 2020). The Ward method uses the squared
Euclidean distances defined by Equation (2) for similarities between units or clusters. The Ward
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method aims to minimise the intra-cluster squared Euclidean distances and maximise the inter-
cluster squared Euclidean distances. The sums of squares for clusters A and B are respectively;

KT, = 2?:1(3& —x4)" (x; — x,) 3
KTy = 2?31(751' —xp) (x; — xp) )

These are expressed by the equations. If sets A and B are combined, the sum of squares within
the new (AB) set is found using the following equation:

KTyp = Zzﬁ(xk — X)) (Xx — X4) (10)
Here, nyp = ny + ng, while the centre of the (AB) set is calculated as:

— naXA+ngx
Xap = TBB (11)

and is known as the weighted average of sets A and B. The Ward method considers the increase
in the sum of squares for the combined sets to be as small as possible. For this, the I,gindex is
calculated for each case in all possible combinations using the formula:

IAB = KTAB - (KTA + KTB) (12)

The sets with the minimum I, values are merged.
K-Means Clustering Method

It is a non-hierarchical clustering method and the most commonly used clustering
method. There are two situations that distinguish this method from hierarchical clustering
methods.

1) In hierarchical methods, the number of clusters is not known beforehand, but in the
K-means clustering method, the number of clusters is known beforehand.

11) Hierarchical methods require a distance matrix between units, but the K-means
clustering method does not require a distance matrix. It is sufficient to know the distances of
the units from the cluster centres.

This method aims to minimise intra-cluster variation and maximise inter-cluster
variation. In other words, it aims to maximise intra-group homogeneity and inter-group
heterogeneity. To achieve this goal, k initial values (cluster centres) called nuclei are first
determined, and the analysis continues by assigning each observation to these nuclei in each
iteration, thereby updating the nuclei. The objective function to be optimised in this method is
given as following (Bulut, 2018):

argmin ), min ||xl- — mj” (13)
mq,.., Mg =12,k

A suitable algorithm for optimising the objective function given by Equation (13) can be
provided as follows.

1. Initial cluster centres are determined (k number). The options that can be preferred in
determining these core points are:

a) Randomly determine k core points
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b) Take the first k observations as core points

c¢) Take the k observations that are furthest apart as core points

d) Take the cluster centres of k clusters obtained by the hierarchical clustering method
as core points

ii. After k core points are determined, the remaining n — k observations are assigned to
the cluster containing the closest core point, and after each assignment, that cluster centre is
recalculated and updated to be the average vector of the observations in the cluster at the time
of assignment.

iii. The cluster centres of the k clusters obtained after step (ii) are accepted as core
points. The n observations are reassigned to the nearest core cluster according to these core
clusters. During this assignment process, some observations may be subject to transitions
between clusters. The cluster centres are calculated for the clustering structure obtained at the
end of the assignment process.

iv. Steps (ii) and (iii) are repeated until the transitions between clusters stabilise
(Aggarwal and Reddy, 2014).

Creation of The Sample (Data Set)

Unlike studies in the literature, this study will classify provinces according to bank
deposits and bank loans and evaluate their clustering structures. For this purpose, six variables
related to bank deposits and bank loans were considered. These variables are presented in Table
5. The data for these variables were obtained and compiled from the 2022 data of the Turkish
Banks Association (URL-2).

Table 5. Variables used in the research
Type Variable New variable (Yj =X;/ N)

Y;: Savings deposits per capita (TL)
Y,: Official institutions deposits per
capita (TL)

Y3: Deposits of commercial
organizations per capita (TL)

X4: Savings deposit
X,: Official institutions deposits
X3: Commercial organizations deposits

D;fgjillzsc:y X,: Foreign currency deposit account Ya: Fore1gnpee);c21;;%ae 8?{’; sit account
o X5: Other institutions deposit ) Lo . .
(Million TL) . . Y5: Other institutions deposits per capita
X¢: Precious metals deposit accounts (TL)

Ys: Precious metals deposit accounts per
capita (TL)
Y;: Agri (04)cultural specialization loan
per capita (TL)
Ys: Real estate specialty loans per capita
X: Agri (04)cultural specialization loan (TL)
Xg: Real estate specialty loan Yy: Vocational specialization credit per
X9 Vocational specialization loan person (TL)
Loan by X10: Tourism specialization loan Yi0: Tourism specialization credit per
province Xj1: Other specialty loans capita (TL)
(Million TL) X1, :Non-specialized loans Y;i1: Other specialized loans per capita
(TL)
Yi,: Non-specialized loans per capita
(TL)
Population N: Population in 2022
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The data show the distribution of deposits and loans by province as of 31 December
2022. Since the distribution of deposits and loans in densely populated provinces will not be
homogeneous compared to other provinces, it was considered useful to weight the existing data
by population. The 2022 population data by province was obtained from the Turkish Statistical
Institute website (URL-3). With this weighting, the new variables were reorganised as bank
deposits per capita and bank loans per capita. The new variables are also shown in Table 5.

In this study, per capita bank deposits (Y; — Yg) and per capita bank loans (¥; — Y;5)
were calculated based on 2002 population data by province, and the clustering of provinces was
evaluated using these data. The number of clusters was determined as six, based on the level of
development ranking specified in the SEGE 2017 working report prepared by the General
Directorate of Development Agencies of the Ministry of Industry and Technology of the
Republic of Turkey (SEGE, 2017). Taking the number of clusters as six is also supported by
the k = (n/2)/? relationship, which is known as a practical method for determining the
number of clusters (Tathdil, 2002). Since n = 81, the approximate number of clusters is

determined as k = \/(81/2) = 6,36 = 6.
Results

In this study, provinces in Turkey were classified using different clustering methods
based on the variables of bank deposits per capita and bank loans per capita. The clustering
structures of the provinces were determined using the complete linkage clustering method, the
median clustering method, the Ward clustering method, and the K-means clustering method.
This allows for an evaluation of the behaviour of clustering methods on the same data.

Separate classifications were made for the provinces' bank deposits and bank loans. The
reason for this is to mutually evaluate the clustering status of the provinces in terms of deposits
and loans. When applying clustering methods, the number of clusters was set to k=6 for reasons
stated earlier.

Some Findings Based on The 2017 SEGE Working Report

Based on the findings obtained in the 2017 Provincial SEGE working report, the
distribution of provinces according to the socio-economic development scale was organised in
Table 4. Some statistics on various bank deposits and various bank loans per capita for
provinces according to the 2017 SEGE study are provided in Table 6.

Table 6 shows that provinces in the first tier, according to the classification established
based on the 2017 SEGE study report, have higher averages than provinces in other tiers in
terms of both deposits and loans per capita. It is possible to say that this result stems from the
fact that the main tiers of the central administration, advanced industrialisation, and provinces
ranked first in terms of socio-economic development are included in this tier.

The sixth tier generally includes provinces located in the Eastern and Southeastern
Anatolia regions, which are weak in terms of industrialisation and have low socio-economic
development rankings. Therefore, it is observed that provinces in the sixth tier also have the
lowest average per capita bank deposits and bank loans. The number of tiers established
according to the 2017 Provincial SEGE working report was taken as the appropriate number of
clusters, supported by an examination of whether there was a significant difference between the
groups (tiers) in terms of per capita bank deposits and bank loans. For this purpose, multivariate
analysis of variance (MANOVA), which is used to compare the mean vectors of more than two
independent groups, was employed.
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Tablo 6. Some statistics for grades created according to the 2017 Provincial SEGE

Stage Variable Mean S.D. Stage Variable Mean S.D.
Y; 35015,84 10284,48 Y; 21486,40 6406,67
Y, 5698,73  13670,08 Y, 808,38 315,97

Y3 20352,99 17284,71 Y3 6485,76  3072,50

Deposit ' 4731213 26310,04 Deposit ' 1647973 634355
Y, 233508 352575 Yy 892,99 400,74

. Y 637326 153325 Y, 499542 94158
Y, 296488  1526,88 Y, 471193  2076,74

Y 315,84 137,92 Y 351,44 145,15

Loan Yo 11,07 3,55 Loan Yo 10,71 5,74
Yo 44939 44933 Yo 527,58 72637

Y,,  5837,08 13779,75 Y,, 1078829 1624355

Y,, 9093873 4479320 Y,, 4372899 18644,39

Y,  17753,89 5411,18 Y,  16384,66 3011,82

Y, 84538 38823 Y, 103348 773,16

Deposit 3 623835 2867.23 Deposit 12 441683 270930
Y, 1625833 6169,15 Y, 1609049 778926

Y 751,33 391,23 Y 49478 215,84

3 Y, 439809 119985 Y, 394428 823,60
Y,  3606,80 2260,69 Y, 564432 3511,94

Y 266,51 67,75 Y 358,45 171,01

Loan Yo 12,26 6,06 Loan Yo 13,35 8,35
Yio 106,90 5920 Yio 113,52 91,55

v, 151228 469,88 Y, 169966 761,98

Y,, 3967371 1764973 Y,, 2756458 667646

Y,  12723,09 5720,44 Y, 622831 2561,78

Y,  1021,56 544,82 Y,  1106,66 430,78

Deposit V2 275709 737.07 Deposit V2 193529 498,14
Y, 1064344 712120 Y, 346911 263391

Y 420,54 227,14 Y 208,96 6521

s Yo 317782 852,10 Y, 144911 53444
Y, 472276 259324 Y,  3169,66 2451,55

Y 32033 122,03 Y 153,10 91,85

Loan Yo 15,77 7,77 Loan Yo 9,21 6,79
Yio 10526 55,63 Y10 4742 2520

Y,  1802,05 693,72 Y,, 755,55 49568

v,, 2479727 739871 v,, 15218,57 470143

If there is a statistically significant difference between the group mean vectors in terms
of all variables, then the number of independent groups can be taken as the appropriate cluster
number, as the groups will be well separated from each other. MANOVA results for both bank
deposits and bank loans are given in Table 7.

According to Table 7, there is a statistically significant difference between the groups
(levels) in terms of both bank deposits per capita and bank loans per capita (p < 0.001). This
result supports our decision to take the number of clusters as k = 6, as determined in Section
2.2, clustering of provinces based on both bank deposits per capita and bank loans per capita.
Thus, the maximum number of clusters applied in the clustering of provinces according to the
aforementioned criteria was set at 6. Accordingly, the cases where the number of clusters was
k = 4,5 and 6 were evaluated using clustering methods.
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Tablo 7. Bank deposits and loans per capita MANOVA result

Factor Method Statistic F (sdy, sdy) i)
Pillai's Trace Test 1,304 4,350 (30,3700 0,000%**
Wilks' Lambda Test 0,117 6,688 (30,2827 0,000%**
Deposit Hotelling's Trace Test 4,322 9,854 (30,3423 0,000%**
Roy's Greatest Eigenvalue Test 3,520 43,414  (6.74) 0,000%**
Stage Pillai's Trace Test 1,096 3,461 (30,3700 0,000%**
Loan Wilks' Lambda Test 0,217 4,377 (30,2821 0,000%**
Hotelling's Trace Test 2,336 5,326 (30,3423 0,000%**

Roy's Greatest Eigenvalue Test 1,743 21,496  (5.74) 0,000%**

Complete Linkage Clustering Method Result and Evaluation

In this section, provinces were classified according to per capita bank deposits and per
capita bank loans using complete linkage clustering method with cluster numbers k = 4,5 and
6. The results are presented in Appendix (App.) Table 1 and evaluated to determine the
appropriate clustering structure.

According to App. Table 1, regardless of the number of clusters, Istanbul and Ankara
(06) are alone in the first and second clusters in terms of bank deposits per capita. This can be
explained by the fact that institutions affiliated with the central administration and financial
centres are predominantly concentrated in these two provinces. When the number of clusters is
taken as 4, 5, and 6, it is generally observed that the provinces in the first three clusters do not
change.

While the first and second clusters consist of a single province, the third cluster covers
four provinces. In other clusters, provinces are observed to change places between clusters.
Another noteworthy point is that when the number of clusters is 5 or 6, the first three clusters
and the last clusters consist of the same provinces. However, the provinces in the fourth cluster
obtained when k = 5 are divided into two within themselves to form new clusters when k = 6.
In terms of bank deposits per capita, it is noteworthy that the provinces of Aksaray (68) and
Tunceli (62) are in the cluster with the provinces of Kocaeli (41), Denizli (20) and Kayseri (38)
when k = 5 and k = 6, that most provinces are grouped in the last clusters, and that provinces
such as Konya (42), Gaziantep (27) and Samsun (55) are in the last clusters. A graphical
representation of the results of the complete linkage clustering method, called a dendrogram, is
given in Figure 1.
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Figure 1. Dendrogram of the complete linkage clustering method according to per capita
bank deposits in provinces in Turkey
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Considering that the final clusters consist of the same provinces when the number of
clusters is set to 5 or 6, and considering Figure 1, it is possible to say that the best clustering of
provinces in terms of bank deposits per capita in the complete linkage method is when k = 5.

The results of classifying Turkish provinces according to the number of clusters
obtained using the complete linkage clustering method based on per capita bank loans are
presented in App. Table 2, while the dendrogram is shown in Figure 2. According to App. Table
2, even if the number of clusters changes, the first and second clusters remain unchanged in
terms of bank loans per capita, with the same provinces included in these clusters. The vast
majority of provinces are in the fourth cluster when k = 4, in the fifth cluster when k = 5, and
again in the fifth cluster when k = 6. When the number of clusters is 4 or 5, they consist of the
same provinces. When the number of clusters is 4, 5 provinces are separated from the third
cluster to form the fourth cluster when k = 5, while the remaining 60 provinces form the fifth
cluster. Furthermore, while the first four clusters for k = 5 and k = 6 consist of the same
provinces, the fifth cluster obtained for k = 5 splits into two, forming the fifth and sixth clusters
for k = 6. Regardless of the number of clusters, it is meaningful that Istanbul (34) and Ankara
(06) always rank in the first cluster in terms of bank loans per capita.

Bemahed Distanis Chistes Combane

Dandrogram using Complets Linkage

- I i - 1
L_LI[H—]Il "‘I_[r][[]]llll":..'.’.l[ll..}!_-:'_:?‘___-‘

NI IR I I I
SRR R R R R R RN R R IR R RRRR T

st XN
BRI i

Figure 2: Dendrogram of the complete linkage clustering method according to per capita
bank loans in provinces of Turkey

On the other hand, when the number of clusters is taken as 5 and 6, the fact that the
provinces in the first three clusters generally remain unchanged can be interpreted as the
provinces in these clusters being similar in terms of bank loans per capita. It is noteworthy that
Rize (53) and Corum (19) are in the same cluster as provinces with developed industries or
important tourism destinations, such as Kocaeli (41), Kayseri (38), and Mugla (48), in terms of
bank loans per capita. When the clustering structures based on the cluster numbers given in
App. Table 2 and the dendrogram given in Figure 2 are evaluated together, it can be said that
classifying the provinces of Turkey into k = 5 clusters in terms of bank loans per capita is more
appropriate.

Median Clustering Method Results and Evaluation

The classification of provinces in Turkey according to bank deposits per capita was
examined using the median clustering method with cluster numbers k = 4,5 and 6. The
classification results according to bank deposits were evaluated and presented in App. Table 3,
and appropriate clustering structures were determined.
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According to App. Table 3, regardless of the number of clusters, Istanbul (34) and
Ankara (06) are alone in the first and second clusters, respectively, in terms of bank deposits
per capita. When the number of clusters is taken as 4, only Izmir (35), Antalya (07), Bursa (16),
and Mugla (48) form the third cluster, separate from the other provinces, while the other
provinces form the fourth cluster. There is a bottleneck in the last group. When examining the
clustering structures formed when the number of clusters is set to 5 or 6, it is seen that in both
cases, the last clusters consist of the same provinces. The only difference is that when k = 6,
Kocaeli (41) and Denizli (20), which are in the fourth cluster when the number of clusters is 5,
are separated and assigned to the fourth cluster, while the remaining provinces are assigned to
the fifth cluster. Therefore, it would be more appropriate to use five clusters when classifying
Turkish provinces based on per capita bank deposits using the median method. This is also
evident in the dendrogram shown in Figure 3.
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Figure 3. Dendrogram of the median clustering method for provinces in Turkey based on
bank deposits per capita

The results of the classification of provinces in Turkey based on bank loans per capita
using the median clustering method for k = 4, 5,and 6 are shown in App. Table 4. According
to these results, it would be appropriate to take the number of clusters as k = 4 or k = 5. This
is because, although there is an accumulation in the last clusters in each case, in the k =
4,5,and 6 cases, the last clusters always consist of the same provinces. Furthermore, in the
case of k = 5, the second and third clusters are formed by splitting the second cluster in the
case of k = 4. Similarly, in the case of k = 6, the first and second clusters are formed by
splitting the first cluster in the case of k = 5 and comprise only the provinces of Istanbul (34)
and Ankara (06), respectively. The classification of provinces in terms of bank loans per capita
using the complete linkage and median methods for k = 5 yields the same clusters. Therefore,
it would be more accurate to use five clusters when classifying Turkish provinces according to
bank loans per capita using the median method. This is supported by the dendrogram shown in
Figure 4.
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Figure 4. Median clustering method dendrogram of provinces in Turkey according to bank
loans per capita

Results and evaluation of the ward clustering method

This section evaluates the classification of provinces in Turkey according 4750p er
capita bank deposits using the Ward clustering method. The results of the classification study,
with cluster numbers k = 4,5 and 6, are presented in App. Table 5.

As with other clustering methods, in the Ward method, Istanbul (34) and Ankara (06)
form either a single cluster or separate clusters depending on the varying number of clusters in
the clustering of provinces according 4750p er capita bank deposits. As the number of clusters
increases in the Ward method, the resulting clustering structure resembles that of other methods.
When the number of clusters is k = 4 and 5, the first three clusters consist of the same
provinces. When the number of clusters is 4, the fourth cluster is formed, and when the number
of clusters is 5, it is divided into two, resulting in the fourth and fifth clusters. When the number
of clusters is 5 and 6, the same provinces are assigned to the last three clusters. The only
difference between the two situations is that in the k = 5 situation, the provinces of Istanbul
(34) and Ankara (06), which are in the first cluster, are separated in the k = 6 situation and
form separate clusters.
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Ward clustering method
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Consequently, it would be appropriate to use five clusters when classifying Turkish
provinces according to per capita bank deposits using the Ward clustering method. This is also
evident in the dendrogram shown in Figure 5.

The results of classifying Turkish provinces according to bank loans per capita using
the Ward clustering method are organised in App. Table 6 according to varying numbers of
clusters. Regardless of the number of clusters, the first cluster consisting of Istanbul (34) and
Ankara (06) provinces remains unchanged. The validity of this in the Ward method can also be
seen by looking at the dendrogram shown in Figure 6.
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Figure 6. Ward clustering method dendrogram according to bank loans per capita of
provinces in Turkey

K-Means clustering method results and evaluation

This section evaluates the classification of Turkish provinces based on per capita bank
deposits and bank loans using the K-means clustering method. The results of the classification
study based on per capita bank deposits, with cluster numbers k = 4,5 and 6, are presented in
App. Table 7. Regardless of the number of clusters in the clustering, Istanbul (34) and Ankara
(06) alone form the first and second clusters, respectively. Furthermore, when the number of
clusters is four, the provinces of Kocaeli (41) and Denizli (20), which are classified into the
third cluster, are classified into the fourth cluster when the number of clusters is 5 and 6. In both
cases, the provinces classified into the third cluster remain the same. When the number of
clusters is 4, the vast majority of provinces are clustered in the fourth cluster, which is generally
not a statistically preferred situation. However, the provinces classified into the fourth and fifth
clusters when k = 5 and those classified into the fifth and sixth clusters when k = 6 show a
high degree of similarity. For this reason, it is appropriate to use a cluster number of 5 when
classifying Turkish provinces according to per capita bank deposits using the K-means method.

The results of the classification of provinces in Turkey according to per capita bank
loans using the K-means clustering method are presented in App. Table 8, organised according
to the varying number of clusters. Number of clusters Regardless of the number of clusters in
the clustering, Istanbul (34) and Ankara (06) together form the first cluster.

Furthermore, the provinces classified into the second cluster when the number of
clusters is 4, the provinces classified into the third cluster when the number of clusters is 5, and
the provinces classified into the sixth cluster when the number of clusters is 6 are the same
provinces. When the number of clusters is 4, the vast majority of provinces are clustered in the
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fourth cluster, which is an undesirable situation in cluster analyses. When the number of clusters
is set to 5 and 6, the provinces classified into the fourth cluster remain the same. However, the
provinces classified into the second and fifth clusters when k = 5 and the provinces classified
into the second and sixth clusters when k = 6 show a high degree of similarity. For this reason,
it would be more appropriate to again take the number of clusters as 5 when classifying the
provinces of Turkey according to bank loans per capita using the K-means method

The cluster centres or averages of variables according to groups (clusters) obtained as a
result of classification analyses performed using four separate clustering methods based on bank
deposits per capita and bank loans per capita in Turkish provinces are presented in Table 8 and
Table 9, respectively, in relation to the relevant topics.

The clusters in the rows shown in the same colour in Tables 8 and 9 contain the same
provinces. Therefore, the cluster centres in the rows of the same colour are equal to each other
according to the methods. Since the clusters shown in yellow contain a single province (Istanbul
(34) in the first cluster, Ankara (06) in the second cluster), the variable values for these
provinces are also their own cluster centres. In the clusters in the colourless rows, the provinces
are generally similar, but depending on the clustering methods, there are shifts in the provinces
between clusters. For this reason, the cluster centres of these clusters differ according to the
methods. The clusters in the rows shown in the same colour in Tables 8 and 9 contain the same
provinces. Therefore, the cluster centres in the rows of the same colour are equal to each other
according to the methods. Since the clusters shown in yellow contain a single province (Istanbul
(34) in the first cluster, Ankara (06) in the second cluster), the variable values for these
provinces are also their own cluster centres. In the clusters in the colourless rows, the provinces
in the clusters are generally similar, but depending on the clustering methods, there are shifts
in the provinces between clusters. For this reason, the cluster centres of these clusters differ
according to the methods.

Table 8. Cluster centres of clusters obtained based on per capita bank deposits

Cluster Number Cluster centers (Deposit averages per capita by groups)
Method No of
Province ¥y ¥Y; ¥z ¥y ¥s Yg
1 1 53077,80  1898,23  57939,89 9744423  3162,00  8867,45
Complete 2 1 34236,64 4214095  40248,62  77384,63 11488,54  8725,10
linkage 3 4 38758,09 980,74 12018,97 4610421 744,21 6043,55
method 4 20 23954,65 864,38 7151,73  22591,30 884,46  4601,51
5 55 11890,19  1011,48 3702,95  9146,77 454,89  3246,62
1 1 53077,80  1898,23  57939,89 9744423  3162,00  8867,45
2 1 34236,64 4214095  40248,62  77384,63 11488,54  8725,10
Median 3 4 38758,09 980,74 12018,97 4610421 744,21 6043,55
4 44 20013,33 912,83 6187,70  17723,40 749,37 446091
5 31 8144,11 1056,60 2401,24  5647,38 314,06  2397,23
1 2 43657,22 22019,59 49094.,26 87414,43 7325,27 8796,28
2 4 38758,09 980,74 12018,97  46104,21 744,21 6043,55
Ward 3 20 23954,65 864,38 7151,73 22591,30 884,46 4601,51
4 36 14880,73 927,96 4580,01 12170,03 564,16 4109,18
5 19 6223,93 1169,73 2041,17 3418,49 247,85 1612,29
1 1 53077,80 1898,23 57939,89 97444,23 3162,00 8867,45
2 1 34236,64  42140,95 40248,62 77384,63 11488,54  8725,10
K-means 3 27 22570,13 868,36 6298,73 21235,00 768,69 4640,24
4 48 10909,59 1030,70 3679,82 7949,03 457,37 3027,25
5 4 38758,09 980,74 12018,97  46104,21 744,21 6043,55
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Table 9. Cluster centres of clusters obtained based on per capita bank loans

Method Cluster Number of Cluster centers (Credit averages per capita by groups)
ctho Number Province ¥7 ¥g ¥ ¥io o ¥iz
1 2 1295,78 226,76 8,57 185,72 826,08 163417,85
Cl;’:l‘(‘;'gege 2 5 3593,57 396,83 13,15 433,88 1672,96 91782,42
Median 3 9 3575,85 237,07 889 108,50 1266,13  52081,59
Ward 4 5 6086,30 42948 11,18 1574,79 37764,69 4606445
5 60 428219 280,21 12,60 96,30 141491  24723.59
1 2 1295,78 226,76 8,57 185,72 826,08 163417,85
2 15 3782,40 297,66 10,63 109,73  1368,97 46719,18
K-means 3 5 6086,30 42948 11,18 1574,79 37764,69 4606445
4 54 4303,30 268,17 12,53 94,61  1402,88 2317337
5 5 3593,57 396,83 13,15 433,88 1672,96 91782,42

Conclusion and Discussion

The Statistical Regional Units Classification (SRUC), established in 2001 by the
Turkish Statistical Institute (TUIK) and the State Planning Organisation (DPT), entered into
force with the publication of the Council of Ministers' Decision No. 2002/4720 in the Legal
Gazette dated 22 September 2022. The objectives of preparing the SRUC, which Turkey,
seeking to join the European Union (EU), prepared taking into account EU requirements, can
be listed as follows: To collect and develop regional statistics, conduct socio-economic analyses
of regions, determine the framework for regional policies, and establish basic indicators that
will contribute to the creation of a comparable statistical database compatible with the EU
Regional Statistical System (Erilli, 2014b).

Within the framework of the objectives of preparing the IBBS, classification or
clustering studies of provinces based on various criteria play an important role. Perhaps the
most important of these studies, or the one that could guide other studies, is the 2017 Provincial
SEGE study prepared by the General Directorate of Development Agencies of the Ministry of
Industry and Technology of the Republic of Turkey. As a result of the classification of
provinces according to their socio-economic development ranking in the 2017 Provincial
SEGE, provinces were divided into 6 levels (Table 4).

In this study, using TBB's 2022 bank deposit (6 different deposits) and bank loan (6
different loans) data and TUIK's 2022 population data, bank deposits per capita and bank loans
per capita were first calculated for 81 provinces. Then, using the calculated data, the 81
provinces were clustered together based on their similarity in terms of both bank deposits and
bank loans per capita. The purpose of classifying the provinces separately according to bank
deposits and bank loans was to see how the similarity structure of the provinces changed
according to deposits and loans. Both hierarchical and non-hierarchical clustering methods were
used in the clustering of provinces. Among the hierarchical methods, the complete linkage,
median, and Ward clustering methods were used, while the K-means clustering method was
used among the non-hierarchical methods.

In the study, the number of clusters was accepted as the maximum possible number of
clusters based on the number of levels created according to the socio-economic development
scale of the provinces in the 2017 Provincial SEGE, and the behaviour of the clustering methods
was examined when the number of clusters was 4, 5, and 6. The evaluations concluded that the
most appropriate clustering structure for all clustering methods was achieved when the number
of clusters was 5. When the number of clusters was 4, it was observed that the vast majority of
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provinces were grouped into a single cluster in both deposit-based and loan-based clustering.
When the number of clusters was 6, the analysis of bank deposits in particular showed that
Istanbul (34) and Ankara (06) formed separate clusters in all clustering methods. This situation
only emerged in the median method in the classification analysis of bank loans. Furthermore,
when the number of clusters is 6, the provinces classified into the sixth cluster are mostly the
same as those classified into the fifth cluster when the number of clusters is 5. For these reasons,
the number of clusters adopted in all clustering methods is 5.

When the number of clusters is five, it can be said that the best classification for
provinces in terms of bank deposits per capita is obtained using the Ward method. This is
because in other methods, there is one province (Istanbul (34) and Ankara (06)) in each of the
first two clusters. In the Ward method, however, these two provinces are classified into the first
cluster. The reason for this can be attributed to the concentration of administrative mechanisms
and institutions, as well as financial institutions, in these two provinces, which are responsible
for making decisions on economic, social, and administrative matters. This situation can be
considered an indicator of the concentration of bank deposits in these provinces. The second
cluster in the Ward method and the third cluster in other hierarchical methods, as well as the
fifth cluster in the K-means method, consist of the same provinces. As these provinces are
primarily prominent for tourism, it can be said that the concentration of bank deposits in these
areas is of secondary importance. The fifth clusters mainly consist of provinces in the Southeast
and East Anatolia regions, although it is possible to see that some provinces from other regions
are also classified in this cluster.

When the number of clusters is 5, it can be said that the best classification for provinces
in terms of bank loans per capita is obtained using the K-means method. In reality, all methods
yield almost the same classification. This is because the first, second, and fourth clusters in
hierarchical methods correspond to the first, fifth, and third clusters in the K-means method,
consisting of the same provinces. The only difference is in the other clusters.

When the number of clusters is 5, it is possible to state that the best classification for
provinces in terms of bank loans per capita is obtained using the K-means method. In reality,
all methods yield almost the same classification. This is because the first, second, and fourth
clusters in hierarchical methods correspond to the first, fifth, and third clusters in the K-means
method, consisting of the same provinces. Differences are only observed in the other clusters.
In all methods, Istanbul (34) and Ankara (06) are classified into one cluster. Similarly, izmir
(35), Antalya (07), Bursa (16), Denizli (20) and Gaziantep (27) are classified into one cluster,
while Tekirdag (59), Kirklareli (39), Canakkale (17), Edirne (22) and Balikesir (10) provinces
are classified into a separate cluster. In this classification based on bank lending, the primary
importance of Istanbul (34) and Ankara (06) can be attributed to decision-making mechanisms
and financial resources. Tourism and industrial development can be considered as the sources
of the second-degree importance of izmir (35), Antalya (07), Bursa (16), Denizli (20), and
Gaziantep (27) in the classification analysis based on bank lending. In the last clusters, where
provinces are densely located, it is seen that provinces from other regions, especially those in
the Southeast and Eastern Anatolia regions, are clustered in all methods.

When the findings of this study are compared with the results of other studies, there are
both similarities and differences. Even when the focus of the studies is the same, differences in
the variables used affect the units to be classified into clusters. When identifying the clustering
structures of provinces in Turkey, it is not expected that the results of studies using socio-
economic variables will be similar to those using variables related to bank deposits or bank
loans. This situation can be observed in our study as well as in the works of Karakas and Erilli
(2023) and Karabulut et al. (2004).
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Yilmaz and Uzgdren (2013) classified Turkey’s provinces into six clusters using the K-
means method based on banking activities. Although they used different variables than those
we employed, the results obtained generally resemble our findings when the number of clusters
in our K-means analysis was set to six. This similarity is particularly striking in the
classification results based on per capita bank deposits. The differences observed in some
provinces within certain clusters stem from the variations in the variables used in the studies.

Sangiil (2014) examined the clustering of provinces in terms of access to and use of
banking and financial services. In this study, where the number of clusters was set to 6 and a
hierarchical clustering method was used in both cases, the distribution of provinces across
clusters differs from the findings.

In their study on the clustering of provinces in Turkey using the K-means method based
on credit usage levels, Tekin and Temelli (2020) clustered the provinces into five-year periods
between 1988 and 2018. This study differs from ours both in terms of the variables used and its
objectives. For this reason, the cluster structures emerging from the results of the K-means
method used in our study are quite different from the cluster structures obtained for all periods
in that study. While the number of clusters in that study could be 9, 10, or 12, in our study it is
Soré6.

Yaman Yilmaz (2020) conducted a classification of provinces in Turkey in terms of
banking activities using different clustering methods based on 10 variables. While this study
resembles our own in terms of the clustering methods used, it differs in terms of the variables
employed. In this study, separate clustering analyses were performed using both the raw data
and the principal component data obtained by applying principal component analysis to the raw
data, and the results were evaluated. In this respect, the study in question also differs from our
own. In the clustering resu  lts obtained using both raw data and principal component data,
when the number of clusters was set to 2 or 3, it was observed that nearly all provinces were
grouped into a single cluster. In our study, however, the provinces were divided into 5 or 6
clusters, and a balanced distribution was observed for provinces other than the major ones,
depending on the clustering methods.

In conclusion, according to the findings obtained from this study, the clustering
structures of provinces in terms of bank deposits and bank loans per capita are not consistent
with the tier structure established according to the socio-development scale of provinces in the
2017 Provincial SEGE. Whether the differences between groups in the clustering structure
observed in terms of bank deposits are significant can be investigated using the Ward method,
while in the Complete Linkage, Median, and K-Means methods, it can be done on the other
three clusters after the first and second clusters are extracted. In terms of bank loans, the
significance of the difference between groups can be investigated for all methods. As revealed
by this study, there are significant differences between provinces in terms of the clusters formed
for various types of bank deposits and bank loans in our country. More detailed analyses can
determine on which variables these differences are or will be more pronounced. Furthermore,
as a suggestion, the appropriateness of the number of clusters can be evaluated using cluster
validity indices. This study is expected to guide those operating in the banking sector in
particular towards undertaking work aimed at eliminating the differences between provinces in
terms of bank deposits and loans per capita.
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Appendix

Appendix Table 1. Classification of provinces in Turkey according to per capita bank
deposits using the complete linkage clustering method

Number of No Provinces in the cluster Numl.)er of
clusters (k) provinces
1 (34) 1
2 (06) 1
3 (35), (07), (16), (48) 4
(41), (26), (59), (20), (54), (77), (14), (42), (09), (32), (38),
4 (39), (11), (17), (22), (78), (45), (10), (33), (61), (01), (67),
(64), (27), (55), (15), (71), (81), (70), (53), (43), (05), (31),
4 (50), (03), (23), (40), (44), (58), (74), (24), (37), (08), (19), 75

(68), (57), (28), (80), (18), (60), (S1), (46), (62), (52), (25),
(79), (66), (29), (69), (02), (75), (21), (36), (76), (12), (72),
(63), (47), (56), (13), (65). (30), (49), (04), (73)

1 (34) 1
2 (06) 1
3 (35), (07), (16), (48) 4
A (41), (26), (59), (20), (77), (09), (38), (39), (17), (22), (10), 20

(33). (61), (01), (67), (64). (50). (40). (68). (62)
(54), (14), (42), (32), (11), (78), (45), (27), (55), (15), (71),
(81), (70), (53), (43), (05), (31), (03), (23), (44), (58), (74),

5 (24), (37), (08), (19), (57), (28), (80), (18), (60), (51), (46), 55
(52), (25), (79), (66), (29), (69), (02), (75), (21), (36), (76),
(12), (72), (63), (47), (56), (13), (65). (30). (49). (04), (73)

1 (34) 1
2 (06) 1
3 (35), (07), (16), (48) 4
4 (41), (20), (38), (64), (50), (40), (68), (62), 8
5 (26), (59), (77), (09), (39), (17), (22), (10), (33), (61), (01), 0

6 (67)
(54), (14), (42), (32), (11), (78), (45), (27), (55), (15), (71),
(81), (70), (53), (43), (05), (31), (03), (23), (44), (58), (74),
6 (24), (37), (08), (19), (57), (28), (80), (18), (60), (51), (46), 55
(52), (25), (79), (66), (29), (69), (02), (75), (21), (36), (76),
(12), (72), (63), (47). (56). (13), (65). (30), (49), (04), (73).

Appendix Table 2. Classification of provinces in Turkey according to per capita bank loans
using the complete linkage clustering method

Number of No Provinces in the cluster Numl.)er of
clusters (k) provinces
1 (34), (06) 2
2 (35), (07), (16), (20), (27) 5
3 (41), (26), (48), (59), (42), (38), (39), (17), (22), (10), (61), 14
(01), (53), (19)
4 (54), (77), (14), (09), (32), (11), (78), (45), (33), (67), (64),

(55), (15), (71), (81), (70), (43), (05), (31), (50), (03), (23),

(40), (44), (58), (74), (24), (37), (08), (68), (57), (28), (80),

(18), (60), (51), (46), (62), (52), (25), (79), (66), (29), (69),

(02), (75), (21), (36), (76), (12), (72), (63), (47), (56), (13),
(65), (30), (49), (04), (73)

60
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Appendix Table 2. (Continue)

Number of . . Number of
Provinces in the cluster .
clusters (k) provinces

(34), (06) 2

(35), (07), (16), (20), (27)

2
wa»—tc

5
(41), (26), (48), (42), (38), (61), (01), (53), (19) 9
(59), (39), (17), (22), (10) 5

5 (34, (77), (14), (09), (32), (11), (78), (45), (33), (67), (64),

(55), (15), (71), (81), (70), (43), (05), (31), (50), (03), (23),

(40), (44), (58), (74), (24), (37), (08), (68), (57), (28), (80),

(18), (60), (1), (46), (62), (52), (25), (79), (66), (29), (69),

(02), (75), (21), (36), (76), (12), (72), (63), (47), (56), (13),
(65), (30), (49), (04), (73)

60

(34), (06)

(35), (07), (16), (20), (27)

AW (N[ —
DN |\O ||

(41), (26), (48), (42), (38), (61), (01), (53), (19)

(59), 39), (17), (22), (10),

(54), (77), (14), (09), (32), (11), (78), (45), (33), (67), (64),

(55), (15), (71), (81), (70), (43), (05), (31), (50), (03), (23),

(40), (44), (58), (74), (37), (08), (68), (57), (28), (80), (18),
(60), (51), (46), (62), (52), (25), (12)

(24), (79), (66), (29), (69), (02), (75), (21), (36), (76), (72), (63),

6 (47), (56), (13), (65), (30), (49), (04), (73)

20

Appendix Table 3. Classification of Turkish provinces based on per capita bank deposits using
the median clustering method

Number of No Provinces in the cluster Numl.)er of
clusters (k) provinces
1 (34) 1
2 (06) L
3 (35), (07), (16), (48) 4
(41), (26), (59), (20), (54), (77), (14), (42), (09), (32), (38), (39),
4 (11), (17), (22), (78), (45), (10), (33), (61), (01), (67), (64), (27),
(55), (15), (71), (81), (70), (53), (43), (05), (31), (50), (03), (23),
4 (40), (44), (58), (74), (24), (37), (08), (19), (68), (57), (28), (80), 75

(18), (60), (S1), (46), (62), (52), (25), (79), (66), (29), (69), (02),
(75), (21), (36), (76), (12), (72), (63), (47), (56), (13), (65), (30),
(49), (04), (73)

1 (34) 1
(06) 1
3 (35), (07), (16), (48) 4
(41), (26), (59), (20), (54), (77), (14), (42), (09), (32), (38), (39),
5 4 (1D,(17),(22),(78), (45), (10), (33), (61), (O1), (67), (64), (27), 24

(55), (15), (70), (53), (31), (50), (03), (40), (58), (74), (24), (37),
(08), (19), (68), (57), (28), (62), (52), (66)
(71), (81), (43), (05), (23), (44), (80), (18), (60), (51), (46), (25),
5 (79),(29), (69), (02), (75), (21), (36), (76), (12), (72), (63), (47), 31
(56), (13), (65), (30), (49), (04), (73).
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Appendix Table 3. (Continue)

Number of No Provinces in the cluster Numl.)er of
clusters (k) provinces
1 (34) 1
2 (06) 1
3 (35), (07), (16), (48) 4
4 (41), (20) 2
(26), (59), (54), (77), (14), (42), (09), (32), (38), (39), (11),
6 5 (17), (22), (78), (45), (10), (33), (61), (01), (67), (64), (27), 42

(55), (15), (70), (53), (31), (50), (03), (40), (58), (74), (24),
(37). (08), (19), (68). (57). (28), (62). (52). (66)
(71), (81), (43), (05), (23), (44), (80), (18), (60), (S1), (46),
6 (25),(79),(29), (69), (02), (75), (21), (36), (76), (12), (72), 31
(63), (47), (56), (13). (65). (30), (49). (04), (73).

Appendix Table 4. Classification of Turkish provinces according to bank loans per capita
using the median clustering method

Number of No Provinces in the cluster Numl.)er of
clusters(k) provinces
1 (34), (06) 2
4 ) (35), (41), (07), (16), (26), (48), (20), (42), (38), (61), (01), 14
(27),(53). (19)
3 (59). 39), 17), (22), (10) B

(54, (77), (14), (09), (32), (11), (78), (45), (33), (67), (64),
(55), (15), (71), (81), (70), (43), (05), (31), (50), (03), (23),
(40), (44), (58), (74), (24), (37), (08), (68), (57), (28), (80),
(18), (60), (51), (46), (62), (52), (25), (79), (66), (29), (69),
(02), (75), (21), (36), (76), (12), (72), (63), (47), (56), (13),
(65), (30), (49), (04), (73)
(34), (06)
(35), (07), (16), (20), (27)
(41), (26), (48), (42), (38), (61), (01), (53), (19)
(59), (39), (17, (22), (10)
5 (54, (77), (14), (09), (32), (11), (78), (45), (33), (67), (64),
(55), (15), (71), (81), (70), (43), (05), (31), (50), (03), (23),
(40), (44), (58), (74), (24), (37), (08), (68), (57), (28), (80),
(18), (60), (S1), (46), (62), (52), (25), (79), (66), (29), (69),
(02), (75), (21), (36), (76), (12), (72), (63), (47), (56), (13),
(65), (30), (49), (04), (73).
(34
(06)
(35), (07), (16), (20), (27)
(41), (26), (48), (42), (38), (61), (O1), (53), (19)

60

AW =

N[O [

60

AW | =
O [ | = | —

Appendix Table 5. Classification of provinces in Turkey according to per capita bank deposits
using the ward clustering method

Number of clusters (k) No Provinces in the cluster Numl.)er of
provinces
1 (34), (06) 2
4 2 (3%), (07), (16), (43) 4
3 (41),(26),(59), (20), (77), (09), 38), (39), (17), (22), 20

(10), (33), (61), (01), (67), (64), (50), (40), (68), (62)
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Appendix Table 5. (Continue)

Number of clusters (k) No

Number of

Provinces in the cluster .
provinces

(54), (14), (42), (32), (11), (78), (45), (27), (55), (15),

(71), (81), (70), (53), (43), (05), (31), (03), (23), (44),

(58), (74), (24), (37), (08), (19), (57), (28), (80), (18),

(60), (S1), (46), (52), (25), (79), (66), (29), (69), (02),

(75), (21), (36), (76), (12), (72), (63), (47), (56), (13),
(65), (30), (49), (04), (73)

(34), (06) 2

(35), (07), (16), (48) 4

(41), (26), (59), (20), (77), (09), (38), (39), (17), (22),

(10), (33), (61), (01), (67), (64), (50), (40), (68), (62) 20

(54), (14), (42), (32), (11), (78), (45), (27), (55), (15),

(71), (81), (70), (53), (43), (05), (31), (03), (23), (44),

(58), (74), (24), (37), (08), (19), (57), (28), (18), (60),
(31), (46), (52), (66), (29), (76),

36

(9]

(80), (25), (79), (69), (02), (75), (21), (36), (12), (72),
(63), (47), (56), (13), (65), (30), (49), (04), (73).

(34

1
(06) 1
(35), (07), (16), (48) 4

(W=

(41), (26), (59), (20), (77), (09), (38), (39), (17), (22),
(10), (33), (61), (01), (67), (64), (50), (40), (68), (62)

(54), (14), (42), (32), (11), (78), (45), (27), (55), (15),

(71), (81), (70), (53), (43), (05), (31), (03), (23), (44),

(58), (74), (24), (37), (08), (19), (57), (28), (18), (60),
(51), (46), (52), (66), (29), (76)

36

=2

(80), (25), (79), (69), (02), (75), (21), (36), (12), (72),
(63), (47), (56), (13), (65), (30), (49), (04), (73).

Appendix Table 6. Classification of provinces in Turkey according to per capita bank loans
using the ward clustering method

Number of No Provinces in the cluster Numl.)er of
clusters (k) provinces
1 (34), (06) 2
2 (35), (07), (16), (20), (27) 5
3 (41), (26), (48), (99), (42), (38), (39), (17), (22), (10), (61), 14
(01), (53), (19)
4 (54), (77), (14), (09), (32), (11), (78), (45), (33), (67), (64),
(55), (15), (71), (81), (70), (43), (05), (31), (50), (03), (23),
4 (40), (44), (58), (74), (24), (37), (08), (68), (57), (28), (80), 60
(18), (60), (51), (46), (62), (52), (25), (79), (66), (29), (69),
(02), (75), (21), (36), (76), (12), (72), (63), (47), (56), (13),
(65), (30), (49), (04), (73)
1 (34), (06) 2
2 (35), (07), (16), (20), (27) 5
S 3 (41), (26), (48), (42), (38), (61), (01), (53), (19) 9
4 (59), (39), (17), (22), (10) 5
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Appendix Table 6. (Continue)

Number of

clusters (k) No

Provinces in the cluster

Number of
provinces

(54), (77), (14), (09), (32), (11), (78), (45), (33), (67), (64),

(55), (15), (71), (81), (70), (43), (05), (31), (50), (03), (23),

(40), (44), (58), (74), (24), (37), (08), (68), (57), (28), (80),

(18), (60), (51), (46), (62), (52), (25), (79), (66), (29), (69),

(02), (75), (21), (36), (76), (12), (72), (63), (47), (56), (13),
(65), (30), (49), (04), (73)

60

(34), (06)

(35), (07), (16), (20), (27)

(41), (26), (48), (42), (38), (61), (01), (53), (19)

AW | =

(59), (39), (17), (22), (10)

N[O [

(34), (77), (14), (09), (32), (11), (78), (45), (33), (67), (64),

(55), (15), (81), (70), (43), (05), (31), (50), (03), (23), (40),

(44), (74), 37), (08), (68), (57), (28), (80), (18), (60), (51),
(46), (62), (52), (25), (12)

(71), (58), (24), (79), (66), (29), (69), (02), (75), (21), (36),
(76), (72), (63), (47), (56), (13), (65), (30), (49), (04), (73).

22

Appendix Table 7. Classification of provinces in Turkey according to per capita bank deposits
using the k-means clustering method

Number of No Provinces in the cluster Numl.)er of
clusters (k) provinces
1 (34) 1
2 (06) 1
3 (35), (41), (07), (16), (48), (20) 6
(26), (59), (54), (77), (14), (42), (09), (32), (38), (39), (11), (17),
4 (22), (78), (45), (10), (33), (61), (01), (67), (64), (27), (55), (15),
4 (71), (81), (70), (53), (43), (05), (31), (50), (03), (23), (40), (44), 73
(58), (74), (24), (37), (08), (19), (68), (57), (28), (80), (18), (60),
(51), (46), (62), (52), (25), (79), (66), (29), (69), (02), (75), (21),
(36), (76), (12), (72), (63), (47), (56), (13), (65), (30), (49), (04), (73)
1 (34) 1
2 (06) 1
(41), (26), (59), (20), (77), (09), (32), (38), (39), (17), (22), (10),
3 (33), (61), (01), (67), (64), (15), (70), (50), (40), (74), (68), (57), 27
5 (28), (62), (66),
(54), (14), (42), (11), (78), (45), (27), (55), (71), (81), (53), (43),
4 (05), (31), (03), (23), (44), (58), (24), (37), (08), (19), (80), (18), 48
(60), (51), (46), (52), (25), (79), (29), (69), (02), (75), (21), (36),
(76), (12), (72), (63), (47), (56), (13), (65), (30), (49), (04), (73)
5 (35), (07), (16), (48) 4
1 (34) 1
2 (06) 1
3 (35), (07), (16), (48) 4
4 (41), (20), (38), (64), (50), (40), (68), (62) 8
6 5 (26), (59), (77), (09), (32), (39), (17), (22), (10), (33), (61), (01), 73
(67), (55), (15), (70), 1), (03), (74), (19), (57), (28), (66),
(54), (14), (42), (11), (78), (45), (27), (71), (81), (53), (43), (05),
6 (23), (44), (58), (24), (37), (08), (80), (18), (60), (51), (46), (52), 44

(25), (79), (29), (69), (02), (75), (21), (36), (76), (12), (72), (63),
(47), (56). (13), (65). (30), (49), (04), (73).
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Appendix Table 8. Classification of provinces in Turkey according to bank loans per capita
using the k-means clustering method

Number of No Provinces in the cluster Numl?er of
clusters (k) provinces

1 (34), (06) 2
2 (59), (39), (17), (22), (10), 5
3 (35), (41), (07), (16), (48), (20), (27), 7

(26), (54), (77), (14), (42), (09), (32), (38), (11), (78), (45), (33),

4 (61), (01), (67), (64), (55), (15), (71), (81), (70), (53), (43), (05),
4 (31), (50), (03), (23), (40), (44), (58), (74), (24), (37), (08), (19), 67

(68), (57), (28), (80), (18), (60), (51), (46), (62), (52), (25), (79),

(66), (29), (69), (02), (75), (21), (36), (76), (12), (72), (63), (47),

(56), (13), (65), (30), (49), (04), (73)
1 (34), (06) 2
) (41), (26), (48), (42), (09), (38), (78), (45), (33), (61), (01), (64), 15
(53), (31), (19),

3 (59), (39), (17), (22), (10) 5

5 (54), (77), (14), (32), (11), (67), (55), (15), (71), (81), (70), (43),

(05), (50), (03), (23), (40), (44), (58), (74), (24), (37), (08), (68),
4 (57), (28), (80), (18), (60), (51), (46), (62), (52), (25), (79), (66), 54

(29), (69), (02), (75), (21), (36), (76), (12), (72), (63), (47), (56),

(13), (65), (30), (49), (04), (73)

5 (35), (07), (16), (20), (27) 5
1 (34), (06) 2

) (26), (48), (42), (09), (38), (78), (45), (33), (61), (01), (64), (53),
(31), (19), 14
3 (35), (41), (27), 3

(54), (77), (14), (32), (11), (67), (55), (15), (71), (81), (70), (43),

6 (05), (50), (03), (23), (40), (44), (58), (74), (24), (37), (08), (68),
4 (57), (28), (80), (18), (60), (51), (46), (62), (52), (25), (79), (66), 54

(29), (69), (02), (75), (21), (36), (76), (12), (72), (63), (47), (56),

(13), (65), (30), (49), (04), (73).

5 (07), (16), (20), 3
6 (59), (39), (17), (22), (10) 5
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