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Abstract 

The main aim of this paper is to formulate a methodological framework for the 

evaluation and determination of administrative units, with the use of location-

allocation models. The approach mainly focuses on the application of GIS and in 

particular, ArcGIS and its facility location module and functions. In these terms, we 

adopted the origin-destination and location-allocation configurations and applied the 

impedance minimization and maximum covering models. Initially, we evaluate the 

new administrative organization of Greece after the implementation of the Kallikratis 

plan, and then, through the examination of a set of scenarios, we define alternative 

reorganization schemes. The approach was separately applied to mainland Greece on 

a prefecture and country level, both considering and ignoring prefectural boundaries. 

The application of the proposed methodological framework, defined significantly 

different spatial organization patterns of the new Greek administrative units, which if 

applied, could shape an improved Kallikratis plan.  

1. INTRODUCTION 

In each country, the structure of the public sector and the overall design of the various 

levels of governance is a key factor in the creation of a strong and effective state, with 

high rates of economic and social development (Vickrey, 1961). For this purpose, the 

appropriate spatial and administrative regionalization is necessary, through which 

robust, self-sufficient, and financially independent regions will be created, providing 

equal opportunities as well as the best possible quality of life for the citizens 
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(Bozkaya et al, 2003). This regionalization should be based on scientific and 

specialized criteria, and moreover, it should also be equal, so that all created, 

independent units will receive equal benefits; and the phenomena of a unit’s 

development against the other’s will be avoided (Armstrong et al, 1991). 

In Greece, the administrative division is implemented through local authorities 

(municipalities). In an effort to create a strong state, through the strengthening of the 

local authorities, two administrative reforms have been applied in the last 15 years; 

the first was named Ioannis Kapodistrias and the second Kallikratis. Until 1999, 

before the implementation of the administrative reform of Kapodistrias, the situation 

in Greece was characterized by unequal municipalities, which functioned as centers of 

the local social life’s organization and as correspondents of the local bureaucracy. In 

1999, due to the reform of Kapodistrias, an attempt was made in order to restructure 

the first grade local authorities and to optimize the public administration, as far as 

local authority was concerned, through the merging of communities in bigger 

municipalities (Greek Ministry of Interior, 2010). The reform of Kallikratis that 

followed the reform of Kapodistrias, came into force in the beginning of 2011 and 

also attempts to restructure the local authority in order to create a more decentralized 

system, covering the weaknesses of Kapodistrias and addressing the problems that 

exist in the municipalities (Tsompanoglou and Photis, 2013). 

Due to the implementation of the Kallikratis reform, the purpose of this paper is to 

find and present an alternative, more efficient proposal for the restructure of Greek 

local authority, according to scientific research by using scientific tools and technical 

methods of analysis. Basic criteria and objectives of this paper are not only the 

reduction of the distances between the new proposed seats and their equivalent 

merged municipalities, but also the greatest possible population uniformity among the 

new municipalities, and moreover, the selection of the most proper settlements that 

will become the new seats, according to the demographic and spatial characteristics of 

each municipality (Bozkaya et al, 2011). 

In this paper, the study area is the Greek mainland (including the two large islands 

of Euvoia and Crete), and the proposed methodology is to utilize Geographical 

Information Systems and location-allocation models. In a similar approach, Lolonis 

and Armstrong (1993) describe in some detail the way in which a location-allocation 

model may be used as a supporting tool for the decision making in complications of 

administrative regionalization. The problem is viewed as a special case of the p-

median model and is implemented in the case of Greece, so that the way through 

which the formation of the regions changes according to every alteration of the 

criteria, may be investigated. 

According to our methodological framework, there is initially a spatial analysis of 

the current situation of the municipalities, as they merged in accordance with the 

Kallikratis reform plan. Then, there are two distinct approaches: one preserving 

prefectural boundaries as they already are, and another ignoring them. For every 

approach, four alternative scenarios are implemented, then a comparison of the results 

to the initial situation takes place, and finally, the improved alternative proposals of 
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municipalities’ merging are presented. Lastly, the results of the alternative scenarios 

for the two distinct approaches are compared, and the new prefectural boundaries are 

presented, as they arise from the second approach. 

The paper is structured as follows: the second chapter explains the development of 

the theoretical concepts related to this paper and which were exploited by the relevant 

bibliography. Additionally, all tools, methods, and techniques used to address the 

problem are presented. In the third chapter, the recommended methodological 

framework is presented; it summarizes all the steps and stages of implementation that 

will follow later on. Initially, the main objective of the paper is determined, the 

criteria to be taken into account are specified, and the required variables to solve the 

problem are also presented. Then, the analysis of the process, which is required by the 

specific methodology, follows. In the fourth chapter, all the stages of the 

implementation are analyzed. There is spatial analysis of the current situation, using 

the origin-destination problem (OD Cost Matrix), and then the location-allocation 

model is applied by using the Minimize Impedance and the Maximize Coverage 

problems. The improved alternative scenarios come from multiple tests. Finally, the 

presentation of the results follows, both in tabular form and in appropriate maps,. In 

the fifth chapter, there is a commentary on the results from the application of the 

proposed methodology. Lastly, this methodology’s advantages and disadvantages are 

referred and ways of broadening the problem are further proposed.    

2. THEORETICAL BACKGROUND 

Regionalization is the delineating process of the small areas of the country and their 

grouping in larger areas, which represent the regions or regional units. This is the 

division of the national territory into productive regions, and the reconstruction of the 

national regional formation in a balanced and efficient formation, that will be able to 

promote the development of the state and will also serve as a base for national 

planning (Kim and Chung, 2001). The regions are located at the next lower 

hierarchical level of the central administration, and more specifically, between the 

central administration and the local authorities. 

2.1 Determining Administrative Units (Administrative Regionalization) 

One kind of regionalization is also the determination of administrative units in a 

country (Bozkaya, 1999). This determination should be made in such a way that these 

units should be uniform and the provision of services through them should be 

effective. Effectiveness in the provision of services is required in order to ensure their 

implementation with the lowest possible cost, while uniformity enhances the areas’ 

“spatial identity” and facilitates the implementation of the development programs. 

The determination of the administrative units requires the specification of four 

variables: 
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 The number of the units that will be created 

 The radius influence of each unit 

 The center of each unit 

 The combination of services provided to each center 

In Greece, as far as the state’s reconstruction in administrative units is concerned, 

two administrative reforms have been applied in the last 15 years are the reforms of 

Kallikratistrias and that of Kallikratis. The Kapodistrias law or Kapodistrias plan, as 

the Greek State’s Law 2539/97 is widely known, was published (Government Gazette No. 

244 / issue-Α / 1997) and came into force in Greece in 1999. The purpose of this law was the 

construction of a united, coordinated, and coherent state, where the authority, the 

responsibility, and the resources would be distributed and shared with its natural bodies. The 

main objectives of the program were: 

 Equivalent effectiveness in the provision of services to the residents of the 

cities and villages. 

 The strengthening of the municipalities’ role and the upgrading of the 

electives. 

 The building of effective conditions that will enhance the administrative and 

financial autonomy of the municipalities. 

 The coordination of the local public investments in social infrastructure and 

social equipment. 

 The strengthening of “endogenous” forces of Greek region. 

 The transparency in resource management and the social control of the local 

government. 

 Economies of scale in operating costs and the upgrading of the human force. 

Finally, with the implementation of the reform, 914 municipalities and 120 

communities were created. The administrative division of Greece that arose from the 

implementation of Kapodistrias law was being applied until the end of 2010, when it 

was replaced by the new administrative division, which was provided by the 

Kallikratis plan. The Kallikratis reform, or more accurately, New Architecture of the 

Self-Government and the Devolved Administration - Program Kallikratis, is called the 

Greek Law 3852/2010, with which the administrative division of Greece was 

reformed; also, the boundaries of the self-governing units, the election procedures of 

the institutions and their responsibilities, were redefined. 

Both reforms (the one of Kallikratis and the other of Kapodistrias) are governed by 

the similar philosophy of forcing a merge of the existing small municipalities into 

larger ones. Essentially, Kallikratis is trying to fill the gaps and to address the issues 

that needed immediate resolution, even after the implementation of the Kapodistrias 

plan.  The key aspects of the reform are: 

 The reduction of the number of the municipalities and their legal entities by 

approximately 2/3. 
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 The replacement of the 57 prefectures, as the secondary local authorities, from 

the 13 regions. 

 The establishment of the decentralized administrations. 

 Changes in the financing of local authorities. 

 The increasing of the self-governing organs’ tenure from four to five years. 

 The redistribution of each grade’s responsibilities. 

The defined criteria, for the delimitation of local authorities’ administrative 

boundaries, emanate from the constitution, which states in the Constitutional Rule 101 

paragraph 2: “The administrative division of the country is based on geo-economics, 

social and transport conditions”. These criteria are divided into seven categories: 

 Population (the number of citizens, the number of inhabitants, the population’s 

density, the housing allocation). 

 Social (the average household size, cultural indicators, the percentage of 

foreigners). 

 Economic (employment, the structure of employment, job mobility, income). 

 Geographical (the figure, the accessibility, the infrastructure networks). 

 Developmental (the structure of the local economy and local development in 

general; the existence of educational and research institutions, the participation 

in community and national programs). 

 Cultural, historical and 

 Spatial 

As far as the population criteria is concerned, the most important was that there 

would not be any municipality with a population of less than 25,000 residents in 

Athens’ and Thessaloniki’s complexes, or 10,000 for the rest of the country. 

Exceptions were made only for the mountainous areas, where the population threshold 

was set at 2,000, as well as for the islands, where the logic of “a municipality per 

island” was qualified (with the exception of the two largest islands, Crete and Evoia). 

2.2 Regionalization Methods 

Regionalization and region-building is associated with a wide range of applications. A 

regionalization analysis requires several key components, including data entry, an 

objective function, the necessary restrictions (such as the proximity or size of the 

region), a regionalization method, and the evaluation strategies as well. In the 

bibliography, various regionalization methods are referred. 

In this paper, Greece’s regionalization, as far as the spatial determination of 

administrative units is concerned, is addressed by using location-allocation models. 

The administrative regionalization and the location-allocation problems have the same 

variables as well as a common aspect, that of the efficiency in the provision of the 

services (Ricca and Simeone, 2008). In this respect, location-allocation models 

provide a useful framework for solving problems of administrative regionalization 
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(Kim and Chung, 2001). The mathematical formulation of the problem of 

administrative regionalization as a location-allocation problem requires the following 

assumptions (Lolonis and Armstrong, 1993): 

 The study area consists of continuous, non-overlapping administrative units 

that have one administrative center and fixed boundaries. 

 Each administrative unit is represented as a demand node. 

 The demand in each demand node reflects the population of the node. 

 The cost of the provision of services increases with the distance between a 

demand node and its corresponding center. 

 The distribution of a node in a center depends on its similarity with this center, 

with regard to their specific socio-economic and physical characteristics. 

2.3 Location-Allocation Models 

We can anticipate this configuration as simple location-allocation problem where the 

spatial pattern of demand is given, and our goal is to define service centers (supply) to 

meet this demand and regionalize space in the best possible, i.e. optimal, way. The 

best possible way is achieved through the optimization of an objective function, 

according to which either operational benefits are maximized or costs minimized.  

In the present paper, we deal with the problem of the country’s regionalization. All 

the existing seats should be considered as the facilities through which the new ones 

will be chosen (location of the new seats), while the municipalities represent the 

stable demand points, which should be allocated to the new seats in the best possible 

way, according to the criteria that have been set out. 

There are various location-allocation problems. For this paper’s purposes, the most 

suitable problems are those of Minimize Impedance and Maximize Coverage.   

 Minimize Impedance 

The facilities (seats) are located in such a way that the sum of all the weighted costs 

(the demand that is allocated to a facility multiplied by the facility’s impedance) 

between the demand points (merged municipalities) and the facilities of the solution 

(seats) will be the minimum possible. The number of the required facilities (seats) is 

defined by the user. 

 Maximize Coverage 

The facilities (seats) are located in a way that, given an impedance cutoff, (merged 

municipalities) as many demand points as possible will be allocated to the selected 

facilities of the solution. In this problem too, the target is to minimize the whole 

impedance, but here the allocation is done within an impedance cutoff. In other 

words, as the transition time is defined as the impedance at the specific case, no 

demand point (municipality) should abstain from the selected facility (seat) for a 

longer time than the impedance cutoff’s value. 
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3. METHODOLOGICAL FRAMEWORK   

The objectives of this paper are the reduction of the distances between the new 

proposed seats and their equivalent merged municipalities, the greatest possible 

population uniformity among the new municipalities, and moreover, the selection of 

the most proper settlements that will become the new seats, according to the 

demographic and spatial characteristics of each municipality. For this purpose, the 

required quantitative criteria are specified, and then various alternative scenarios are 

examined. The results are presented both in appropriate maps and in tabular form with 

exact numerical results of each solution. 

3.1 Problem Parameters — Criteria 

One of the most important factors that should be taken into account is the distance 

between the new seats and their equivalent merged municipalities. It is a given that 

during the process of the regionalization of a country, the municipalities which are 

usually chosen as seats, should be the most developed ones—population mighty—that 

also possess the most public services. Therefore, it is significant that the merged 

municipalities will be able to reach their new seat quickly and easily. For this reason, 

special attention should be paid to minimizing these distances as much as possible. 

Additionally, the demographic characteristics of each municipality are also very 

important. It is necessary to have the greatest possible population uniformity between 

the municipalities, so that everyone will be treated equally and will have the same 

opportunities and the same benefits from the state’s development. Thus, the 

phenomena of the biggest, most developed and population mighty municipalities’ 

development against the others that are smaller will be eliminated. For that reason, we 

should focus on minimizing the population’s standard deviation for all the 

municipalities of the country. 

Finally, in order for the selection of the new seats to lead to the strongest 

municipalities with the largest population and the most public services, we examine 

not only the population, but also the spatial characteristics and in particular, the 

number and the type of the services that are available to each municipality. Special 

emphasis should be given to the health centers and the educational institutions, as 

these form the basic infrastructure that the citizens need on a daily basis. However, 

the establishment of the criteria lies in the priorities and the choices of each individual 

user who is asked to address every particular problem, and therefore, those criteria 

may differ depending on the approach. 

3.2 Data 

The data that were collected are as follows: 

 Polygon layer with the municipalities’ boundaries, which should include 

information about the population, the area, the perimeter, the corresponding 

seat, as well as the prefecture to which each municipality belongs. 
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 Point layer with the municipalities’ seats, which has information about each 

seat’s population, municipality, and prefecture. 

 Line layer with the road network of the country, which is divided into four 

categories (expressways, primary roads, regional roads, local streets) and 

includes the longitude and topological information for each section. 

 Point layer with the services of each municipality, which is divided into three 

categories: education, health, and other agencies. 

However, the collection of the data is not sufficient. This collection must be 

followed by the data’s appropriate format, and be edited so that they respond to the 

needs of the problem and could be later used for its effective resolution. 

3.3 Methods and Techniques 

The method proposed for addressing the problem is the location-allocation models in 

the network analyst’s environment. In the first stage, it is necessary to make an 

analysis of the municipalities’ current situation, according to the criteria that have 

been set, so that all the alternatives solutions, that would been a result of the 

application, can be compared with the current situation and between them as well, 

with the purpose of finally selecting the most efficient solution. 

As has been already mentioned in the theoretical framework, the problems that are 

considered to be the most appropriate are those of Minimize Impedance and 

Maximize Coverage. Therefore, tests should be applied with both problems. In 

addition, it is reckoned appropriate to research the case of defining fewer 

municipalities as a candidate for the final selection of the new seats. For this 

definition, certain indicators should be set for each municipality, according to its 

spatial characteristics; and then the selection of the municipalities with the major 

indicators should follow, so that these municipalities represent the final candidate 

seats. Thereby, the problem’s requirements are better defined and the system is led to 

the selection of the most proper seats, according to the criteria that have been set. 

After applying the tests and the various alternative scenarios, it is necessary to 

compare their results with both the present situation and between them as well, in 

order to finally obtain the best solution, according to the predefined criteria. Since the 

Kallikratis reform substantially abolishes the prefectures, it is advisable to try a 

second approach ignoring the prefectural boundaries. Then, both the new prefectural 

boundaries and the differentiation of the area between the old and the new prefecture, 

as they result from the model’s application, must be examined. In the next chapters 

the implementation of the proposed methodological framework for the case of the 

Greek mainland follows. The results of the implementation are presented both in map 

and tabular form, in order to finally evaluate if the proposed methodology responds to 

the needs of the problem and provides the envisaged results. 
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4. CASE STUDY: GREEK ADMINISTRATIVE REGIONS 

The case study area is the Greek mainland, including the two large islands of Euvoia 

and Crete. As elaborated in the methodological framework, in the first stage it is 

necessary to make a spatial analysis of the current status in terms of the newly 

established municipalities following the Kallikratis reform. This analysis is done with 

respect to the municipalities’ population uniformity and the distances between the 

kallikratian seats and their equivalent merged municipalities. Then, four alternative 

scenarios are examined, and after a comparison of their results with the current status, 

the optimal alternative proposal for the municipalities’ merging is defined.  

According to our problem formulation and with respect to origin-destination (OD) 

cost matrix building, as origins are defined Greece’s mainland kallikratian seats (275) 

while as destinations the respective Kapodistrian (901). The result of the solution is 

the calculation of the distances between Kallikratian seats to each equivalent merged 

Kapodistrian seat. The elements that we are concerned with in this paper are the 

maximum, the minimum, and the average value, as well as the standard deviation of 

the distances and the population for all the municipalities. Thus, the following table 

arises: 

Table 1. Statistics on the distances and the population (Kallikratis) 

Then, the alternative scenarios are examined by the implementation of the 

location-allocation model. 

4.1 Location-Allocation Scenarios 

The problem is addressed by two distinct approaches: one preserving the prefectural 

boundaries as they already are and another ignoring them. For each approach the same 

four alternative scenarios are examined and they are symbolized as Si,j, where i=1,2 

(two distinct approaches) and j=1,...,4 (four alternative scenarios for each approach). 

 Scenario 1 

Initially, the Kallikratian seats are preserved as they are, and we examine if a different 

allocation of the merged municipalities can arise by the model’s application. For this 

purpose, the country’s mainland Kallikratian seats Ki (for i=1,2,...,275) are imported 

as the candidate facilities and the mainland Kapodistrian seats Δi (για i=1,2,…,901)  

are imported as the demand points. In order to avoid merging municipalities that 

belong to different prefectures, we import the prefectural boundaries as line barriers. 

GREECE 

(within the prefectural 

boundaries) 

MIN MAX MEAN ST. DEV. 

DISTANCES 

(Kallikratis) 
0.06 7.34 0.59 0.53 

POPULATION 

(Kallikratis) 
81 789.166 37.158 59.356 
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The type of problem that is used is that of Minimize Impedance and the number of the 

facilities that we want as part of the solution is defined as equal to the number of the 

mainland kallikratian seats of the country, namely 275. 

 Scenario 2 

According to this scenario, all the Kapodistrian seats are imported as the new 

candidate seats, and then the system chooses the new seats and the equivalent 

allocation of the municipalities. Therefore, all the mainland Kapodistrian seats Δi of 

the country are imported both as candidate facilities and as demand points. Similar to 

the previous scenario, the prefectural boundaries are imported as line barriers, the 

chosen type of the problem is the Minimize Impedance, and the preferred number of 

the chosen facilities is defined as 275. 

  Scenario 3 

According to this scenario, we examine the differentiation of the chosen seats and 

their equivalent allocation of the municipalities by using the problem of Maximize 

Coverage. In this scenario too, all the mainland Kapodistrian seats Δi of the country 

are imported both as candidate facilities and as demand points. The prefectural 

boundaries are imported as line barriers, the preferred number of the chosen facilities 

is defined, similar to the previous, as 275, and the value that was deemed to be the 

most suitable for the impedance cutoff is 1,7. 

 Scenario 4 

Finally, according to the fourth scenario, the case of defining fewer municipalities as 

candidates for the final selection of the new seats is examined. In order to select the 

municipalities that form the candidate seats, the spatial characteristics of each 

municipality must be explored with regard to its available public services. Then an 

indicator per category of service should arise for every municipality; and finally, the 

municipalities with the optimal indicators, according to the predefined criteria, would 

be chosen. In this way, the model leads to the selection of the most proper seats, in 

accordance with the project study’s requirements. In the event that not all the 

Kallikratian municipalities are included in the selection of the most proper candidate 

municipalities, one more test should be applied, including those municipalities as 

candidates. First of all, it is necessary for a municipality to have at least one health 

center, in order to be able to form a seat. This is ensured by the treaty: 

Yi > 0                                                 [1] 

where  

Yi is the number of the health centers that each Kapodistrian municipality i (i = 

1,2,…, 901) possesses. At the same time, it is appropriate to verify the adequacy of 

the education and the other agencies services in the municipalities in relation to the 

total of the corresponding services of the prefecture to which every municipality 

belongs. The requested rates result from the following treaties: 
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Pi = pi / Pj, where Pj = Spi,  i  j   [2] 

and 

Li = li / Lj, where Lj = Sli,  i  j   [3] 

where 

 i (for i = 1,2,…,901) the Kapodistrian municipalities and j (for j = 1,2,….,45) 

the prefectures.  

 Pi the rate of the available education services in every Kapodistrian 

municipality i relative to the total of the corresponding services of the 

prefecture j to which the municipality belongs.  

 Li the rate of the available other agency services in every Kapodistrian 

municipality i relative to the total of the corresponding services of the 

prefecture j to which the municipality belongs.  

 pi the number of the available education services in every Kapodistrian 

municipality i. 

 li the number of the available other agency services in every Kapodistrian 

municipality i. 

 Pj the number of the available education services in every prefecture j, as the 

sum of the equivalent number of the available services in the Kapodistrian 

municipalities i that represent the prefecture (Spi). 

 Lj the number of the available other agency services in every prefecture j, as 

the sum of the equivalent number of the available services in the Kapodistrian 

municipalities i that represent the prefecture (Sli). 

In order to produce an indicator as a function of the above rates, weights, which 

reflect the functional importance of the equivalent services in each municipality, are 

attributed to these rates. The education sector is considered as one of the main areas in 

the daily lives of the citizens of a country, and thus, it is proper to give it the greatest 

weight. Therefore, we attribute 70% as the rate weight for the education sector and 

30% as the rate weight for the others agencies. As a result, the indicator Fi,j arises for 

every municipality according to the following formula: 

Fi,j = 0,7 * Pi + 0,3 * Li   [4] 

where 

 i (for i = 1,2,…,901) the Kapodistrian municipalities and j (for j = 1,2,….,45) 

the prefectures.  

 Fi,j the value of the indicator relating to the public services for every 

Kapodistrian municipality  i. 

 Pi the rate of the available education services in every Kapodistrian 

municipality i relative to the total of the corresponding services of the 

prefecture j to which the municipality belongs.  
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 Li the rate of the available other agency services in every Kapodistrian 

municipality i relative to the total of the corresponding services of the 

prefecture j to which the municipality belongs.  

The appropriate kind of the available road network of a municipality is also 

another very important characteristic that the municipality must have in order to be 

considered as a seat. As already mentioned, the road network is divided into four 

categories k (k 1, 2, 3, 4). In order to identify which category of the road network 

dominates, the rate of each road network category of every municipality compared to 

its entire road network must be calculated. This rate derives from the following: 

Ti
k
 = Oi

k 
/ Oi , for Oi = SOi

k   
[5] 

where 

 k (for k = 1,2,3,4) the category of the road network and i (for i = 1,2,…,901) 

the Kapodistrian municipalities. 

 Ti
k
 the rate of each available category of every Kapodistrian municipality i 

compared to its entire road network. 

 Oi
k
 the total length of the category k of every Kapodistrian municipality i. 

 Οi the total length of the entire road network of every Kapodistrian 

municipality i, as the sum of the total length of all the categories of the 

municipality’s road network (SOi
k
). 

The aim is to eventually produce one indicator Ni with regard to the road network 

for every municipality, as a combination of the calculated rates above. We should 

give special emphasis on the first two categories of the road network, in order to 

ensure an easy and quick transportation system within the municipality. For this 

purpose, we calculated the indicator Ni for every municipality, according to the treaty 

that follows: 

Ni = ((Ti
1
+Ti

2
) - (Ti

3
-Ti

4
)) / Βi   [6] 

where 

 i  a Kapodistrian municipality and i = 1, 2, …, 901. 

 Ni the indicators’ value, which represent how much the first two categories of 

the road network dominate within the perimeter of every Kapodistrian 

municipality i.  

 Ti
1
, Ti

2
, Ti

3
, Ti

4 
the equivalent rates of the categories 1, 2, 3 and 4 of each 

Kapodistrian municipality compared to its entire road network.  

 Βi the perimeter of every Kapodistrian municipality i. 

For each indicator Yi, Fi,j, Ni the equivalent classes that are presented in the table 

below are created. 
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Table 2. Classes per indicator 

INDICATOR 
CLASSES 

1 2 3 4 5 6 7 

Yi 0 0-4 4-20 

    
Fi,j 0-5 5-10 10-30 >30 

   
Ni < -2,5 [-2,5]-[-1,5] [-1,5]-[-0,5] [-0,5]-[0,5] [0,5]-[1,5] [1,5]-[2,5] >[2,5] 

It should be noted that the classes of the indicator Ni have emerged, based on the 

standard deviation of the values. At this point, the selection of the municipalities, 

which are imported as the candidate seats, should come from the combination of all 

the above indicators. Initially, the municipalities that have at least one health center 

should be included in this selection     (Yi > 0). As far as the indicators Fi,j and Ni are 

concerned, the municipalities that belong to the three biggest classes of each indicator 

are chosen. For example, we chose the municipalities with Fi,j  > 5 and Ni  > -0.00049 

(which corresponds to standard deviation > 0.5). Finally, in the selection of the 

candidate seats the municipalities of the prefectures of Athens, Thessaloniki, East 

Athens, West Athens, and Piraeus and islands must be included, as those prefectures 

are distinguished by the greatest population uniformity and thus, the most 

municipalities of these prefectures should remain as they are. 

Lastly, 463 candidate municipalities come up from the above selection and their 

seats are defined as the candidate facilities with the location-allocation model. All the 

Kapodistrian seats are imported as the demand points, and the prefectural boundaries 

are also imported as line barriers. The chosen problem type is that of Minimize 

Impedance, and the preferred number of the chosen facilities is defined as 275, equal 

to the number of the Kallikratian seats. It should be noted that 35 of the present 

Kallikratian seats do not meet the above criteria and have not been chosen as 

candidates. However, one more test is created including these seats as candidate 

facilities.  

4.2 Results and discussion 

A different allocation of the municipalities of every distinct scenario comes up as a 

result of the location-allocation model’s application, always aiming to minimize the 

overall impedance. Then, the statistics of the distances and the population of the 

chosen facilities are calculated. The values of the distances and the population of 

every scenario are compared to the equivalent values of the current situation, which 

was calculated in the first stage. Tables 3 and 4 present the results of every scenario 

for the Greek mainland, preserving the prefectural boundaries (below). 
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Table  3. The distances’ results (preserving the prefectural boundaries) 

SCENARIO 
GREEK MAINLAND  

(within the prefectural boundaries)  
MIN MAX MEAN ST. DEV. 

S1,0 DISTANCES (Kallikratis) 0.06 7.34 0.59 0.53 

S1,1 DISTANCES WITH A DIFFERENT ALLOCATION 0.04 44% 7.08 4% 0.55 6% 0.53 -2% 

S1,2 DISTANCES WITH 275 DIFFERENT SEATS 0.04 44% 3.04 59% 0.49 16% 0.37 29% 

S1,3 DISTANCES WITH IMP. CUTOFF=1,7 0.04 44% 1.68 77% 0.48 18% 0.32 39% 

S1,4a DISTANCES WITH 463 CANDIDATE SEATS 0.04 44% 7.08 4% 0.56 4% 0.55 -4% 

S1,4b DISTANCES WITH 498 CANDIDATE SEATS 0.04 44% 7.08 4% 0.54 8% 0.54 -2% 

Table  4. The population’s results (preserving the prefectural boundaries) 

SCENARIO 
GREEK MAINLAND  

(within the prefectural boundaries) 
MIN MAX MEAN ST. DEV. 

S1,0 POPULATION (Kallikrati) 81 789.166 37.158 59.356 

S1,1 POPULATION w DIFFERENT ALLOCATION 81 0% 804.721 -2% 37.158 0% 62.693 -6% 

S1,2 POPULATION w 275 DIFFERENT SEATS 81 0% 804.721 -2% 37.158 0% 62.510 -5% 

S1,3 POPULATION w IMP. CUTOFF=1,7 81 0% 804.721 -2% 37.158 0% 62.847 -6% 

S1,4a POPULATION w 463 CANDIDATE SEATS 81 0% 804.721 -2% 37.158 0% 62.311 -5% 

S1,4b POPULATION w 498 CANDIDATE SEATS 81 0% 804.721 -2% 37.158 0% 62.140 -5% 

As shown in the tables above, eight parameters arise out of each variable (distance, 

population), and their corresponding variation percentages in relation to the situation 

Kallikratis have been calculated. However, in order to export a conclusion easily and 

quickly about the differentiation degree of the proposed solution in relation to 

Kallikratis, one overall variation percentage should result as a combination of all the 

above parameters. For this purpose, a weight indicator must be attributed to each 

parameter’s variation percentage and then, all the values, multiplied by the 

corresponding weight, should then be aggregated. 

As explained in the methodological framework, as far as the distance variable is 

concerned, our aim is to minimize it in total for the whole country. Therefore, the 

distances’ parameters for which we give the greatest emphasis are the average value, 

which should be as small as possible, and the maximum value, which should also be 

minimized. Consequently, the chosen weights for the distances’ parameters are 0.4 

(40%) for the mean value, 0.3 (30%) for the maximum value, 0.2 (20%) for the 

minimum value and 0.1 (10%) for the standard deviation. Likewise, with regard to the 

population, special emphasis must be given to the standard deviation, which reflects 

the uniformity, as well as to the minimum value, which should be as strong as 

possible. Hence, the chosen weights for the population’s parameters are 0.4 (40%) for 

the standard deviation, 0.3 (30%) for the minimum value, 0.2 (20%) for the maximum 
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value, and 0.1 (10%) for the mean value. So, for example in the first scenario, the 

final variation percentage is: 

(0,4*0,06 + 0,3*0,04 + 0,2*0,44 + 0,1*(-0,02) + 0,4*(-0,06) + 0,3*0 + 0,2*(-0,02) + 

0,1*0)/2 = 0,047 

Consequently, the final variation percentage in relation to the Kallikratis condition 

is improved by 5%. In the following table, the final variation percentages for each 

scenario are presented. 

Table  5. The final variation percentages per scenario (preserving the prefectural boundaries) 

SCENARIO 
FINAL VARIATION 

PERCENTAGE 

S1,0  

S1,1 5% 

S1,2 16% 

S1,3 20% 

S1,4a 4% 

S1,4b 5% 

Regarding to the population uniformity that is reflected in the population’s 

standard deviation values, a 5-6% decrease is observed in all the scenarios. However, 

in connection to the great improvements of the distances, the final results remain 

positive. The scenario with the greatest positive variation is the third, where the 

Maximize Coverage problem is applied with an impedance cutoff of 1.7. In this 

scenario, a total improvement of 20% is observed. Although with the selection of 

fewer candidate seats, the model is led to choose the most proper seats, according to 

the predefined criteria and our priorities. In these scenarios (S1,4a, S1,4b), even if the 

total variation is lower, it remains positive by 4% and 5%. 

Subsequently, the results of the third scenario, which has the greatest 

improvement, are shown in map form. On the left map, the population variance of the 

new proposed municipalities and their corresponding seats is presented, while on the 

right map, the variance of the distances is presented, with regard to the mean value of 

the total transportation time of every new proposed municipality as well as to the 

transportation time from every new seat to every municipality merged to it.  
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Map 1. Scenario S1,3. Population variance Map 2. Scenario S1,3. Distances variance 

4.3 Relaxing Prefectural boundaries 

At this point, the same four alternative scenarios are applied, similarly to the previous 

approach, but without considering the prefectural boundaries as line barriers. The 

results are presented in the following Tables 6-8. 

Table  6.  The distances’ results (ignoring prefectural boundaries) 

SCENARIO 
GREEK MAINLAND  

(ignoring prefectural  boundaries) 
MIN MAX MEAN ST. DEV. 

S2,0 DISTANCES (Kallikratis) 0.06 7.34 0.59 0.53 

S2,1 DISTANCES w A DIFFERENT ALLOCATION 0.04 44% 7.07 4% 0.50 14% 0.42 20% 

S2,2 DISTANCES w 275 DIFFERENT SEATS 0.04 44% 1.96 73% 0.46 21% 0.31 40% 

S2,3 DISTANCES w IMP. CUTOFF=1,7 0.04 44% 1.67 77% 0.46 21% 0.30 42% 

S2,4a DISTANCES w 463 CANDIDATE SEATS 0.04 44% 3.36 54% 0.51 12% 0.40 24% 

S2,4b DISTANCES w 498 CANDIDATE SEATS 0.04 44% 2.83 61% 0.48 18% 0.34 35% 
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Table 7.  The population’s results (ignoring prefectural boundaries) 

SCENARIO 
GREEK MAINLAND  

(ignoring prefectural boundaries) 
MIN MAX MEAN ST. DEV. 

S2,0 POPULATION (Kallikratis) 81 789.166 37.158 59.356 

S2,1 POPULATION w A DIFFERENT ALLOCATION 81 0% 804.721 -2% 37.158 0% 62.524 -5% 

S2,2 POPULATION w 275 DIFFERENT SEATS 81 0% 804.721 -2% 37.158 0% 62.147 -5% 

S2,3 POPULATION w IMP. CUTOFF=1,7 81 0% 804.721 -2% 37.158 0% 62.182 -5% 

S2,4a POPULATION w 463 CANDIDATE SEATS 81 0% 804.721 -2% 37.158 0% 61.948 -4% 

S2,4b POPULATION w 498 CANDIDATE SEATS 81 0% 804,721 -2% 37,158 0% 62,054 -5% 

Table 8. The final variation percentages per scenario (ignoring prefectural boundaries) 

SCENARIO 
FINAL VARIATION 

PERCENTAGE 

S2,0  

S2,1 8% 

S2,2 20% 

S2,3 21% 

S2,4a 15% 

S2,4b 18% 

According to the tables above, it is obvious that in this approach too, the results are 

positive with great percentages of improvement. The population uniformity is still 

distinguished by a decrease of 4-5% in all the scenarios, but the distances are 

distinguished by great improvements; the mean value is reduced by up to 21% in 

scenarios 2 and 3, while the maximum value is reduced by up to 77% in the third 

scenario. The optimal results are observed in the third scenario where the Maximize 

Coverage problem is applied with an impedance cutoff of 1.7. In this scenario the 

final variation percentage is 21%. 

Furthermore, comparing this approach, where we ignore prefectural boundaries, to 

the previous results of the first approach, within prefectural boundaries, we deduce 

that the percentages of the improvement are greater for all the scenarios in this second 

approach. In both cases, the third scenario is distinguished by the greatest results with 

a final percentage of a 20% and 21% improvement, respectively. Especially in the 

fourth scenario, where the candidate seats are 463 and 498, the second approach has 

greater percentages of improvement by 11% and 13%, respectively. Therefore, even if 

prefectural boundaries, and as an extension the image of Greece, are modified, the 

country’s regionalization is more effective in the second approach, always according 

to the predefined criteria. 
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In the following maps, the third scenario’s results of the second approach are 

presented. Similarly what we saw previously, the population variance as well as the 

distance variance of the new proposed municipalities are also being demonstrated. 

 

Map 3. Scenario S2,3. Population variance Map 4. Scenario S2,3. Distances variance 

Then, the new prefectural boundaries, as they arise from the model’s application, 

are examined. Therefore Table 9 follows, where the area variance between the old and 

the new prefectures are presented. 

Table  9. The variation percentages of the prefectures area 

Prefecture 

SCENARIO S2,1 SCENARIO S2,2 SCENARIO S2,3 SCENARIO S2,4a SCENARIO S2,4b 

Area  

Variance (%) 

Area  

Variance (%) 

Area  

Variance (%) 

Area  

Variance (%) 

Area  

Variance (%) 

ATHENS 7.38 11.82 11.82 3.96 11.82 

ETOLOAKARNANIA 1.81 6.49 6.49 1.81 6.49 

ANATOLIKI ATTIKI -8.9 -9.95 -9.95 -7.71 -9.95 

ARGOLIDOS -18.04 -9.66 -9.66 -9.66 -9.66 

ARKADIAS -3.06 2.3 2.3 0.05 0.05 

ARTAS -5.28 20.06 -5.28 0.21 0.21 

ACHAIAS -3.2 -14.56 -14.56 -14.56 -14.56 

VIOTIAS 4.18 4.18 4.18 -7.66 4.18 

GREVENON 8.5 8.5 -6.41 6.41 6.41 

DRAMAS 3.66 -24.6 -24.6 -21.39 -21.39 

DYTIKIS ATTIKIS 16.55 16.55 16.55 15.97 25.84 

EVROU 0 0 0 0 0 

EVVOIAS -2.91 -2.91 -2.91 -2.91 -2.91 

EVRYTANIAS 9.96 -5.49 -5.49 -5.49 9.96 
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Prefecture 

SCENARIO S2,1 SCENARIO S2,2 SCENARIO S2,3 SCENARIO S2,4a SCENARIO S2,4b 

Area  

Variance (%) 

Area  

Variance (%) 

Area  

Variance (%) 

Area  

Variance (%) 

Area  

Variance (%) 

ELEAS 5.24 14.7 14.7 10.76 14.17 

EMATHIAS -4.24 -2.94 -2.94 -2.94 -2.94 

HERAKLIOU -2.48 4.76 4.76 -4.91 4.76 

THESPROTIAS 0.49 -11.66 -11.66 -8.53 -11.66 

THESSALONIKIS -3.31 -1.58 -1.58 -1.58 -1.58 

IOANNINON 7.63 -3.71 11.29 3.48 4.44 

KAVALAS -3.77 0 0 0 0 

KARDITSAS -2.03 31.93 31.93 5.59 17.63 

KASTORIAS -14.93 -1.84 -1.84 -1.84 -1.84 

KILKIS 3.04 -5.51 -5.51 14.08 14.08 

KOZANIS 0.12 0.12 0.12 1.48 1.48 

KORINTHIAS 21.51 13.64 13.64 13.64 9.57 

LAKONIAS 2.35 2.35 2.35 2.35 2.35 

LARISAS -7.29 -11.46 -11.46 -11.46 -11.46 

LASITHIOU 0 0 0 7.1 0 

MAGNESIAS 14.24 4.94 4.94 4.94 4.94 

MESSINIAS -2.94 -6.71 -6.71 0.05 -2.94 

XANTHIS 0 43.98 43.98 43.98 43.98 

PIREUS AND ISLANDS -0.49 -0.49 -0.49 -0.49 -0.49 

PELLAS 0.21 -2.48 -2.48 -2.48 -2.48 

PIERIAS 16.93 25.19 25.19 25.19 25.19 

PREVEZIS 27.38 60.73 60.73 60.73 60.73 

RETHYMNOU 5.62 -7.16 -7.16 1.24 -7.16 

RODOPIS 0 0 0 0 0 

SERRON -4.73 15.73 15.73 0.47 0.47 

TRIKALON -5.77 -23.69 -23.69 -5.77 -23.69 

FTHIOTIDAS -6.51 3.16 3.16 0.42 3.16 

FLORINAS -1.62 -13.32 -13.32 -13.32 -13.32 

FOKIDOS -20.8 -41.39 -41.39 -7.27 -41.39 

HALKIDIKIS 5.27 -8.61 -8.61 -8.61 -8.61 

HANION -0.78 -0.78 -0.78 -0.78 -0.78 

According to all the above, the following two tables also are constructed 

Table  10. Statistics of the variation percentages of the prefectures’ area. 

STATISTICS 

SCENARIO S2,1 SCENARIO S2,2 SCENARIO S2,3 SCENARIO S2,4a SCENARIO S2,4b 

POSITIVE 

VARIATION 

(%) 

NEGATIVE 

VARIATION 

(%) 

POSITIVE 

VARIATION 

(%) 

NEGATIVE 

VARIATION 

(%) 

POSITIVE 

VARIATION 

(%) 

NEGATIVE 

VARIATION 

(%) 

POSITIVE 

VARIATION 

(%) 

NEGATIVE 

VARIATION 

(%) 

POSITIVE 

VARIATION 

(%) 

NEGATIVE 

VARIATION 

(%) 

AVERAGE 
0.41 4.17 3.72 -0.23 2.58 0.34 2.60 3.37 2.70 2.42 

ΜΑΧ 
27.38 -20.80 43.98 -41.39 60.73 -24.60 60.73 -21.39 60.73 -23.69 

ΜΙΝ 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

ST. DEV. 
8.24 10.22 21.41 12.47 21.45 12.76 16.77 11.36 18.47 14.11 
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Table  11. The percentages of the modified prefectures 

  

SCENARIO 

S2,1 

SCENARIO 

S2,2 

SCENARIO 

S2,3 

SCENARIO 

S2,4a 

SCENARIO 

S2,4b 

MODIFIED PREFECTURES 93.3% 91.1% 91.1% 93.3% 91.1% 

PREFECTURES WITH A 

VARIATION 

PERCENTAGE OVER +10% 11.1% 22.2% 22.2% 15.6% 17.8% 

PREFECTURES WITH A 

VARIATION 

PERCENTAGE OVER -10% 6.7% 15.6% 15.6% 8.9% 15.6% 

As is obvious, the majority of the prefectures show a modification in all of the 

scenarios, as compared with their old boundaries. Particularly, regarding scenarios 2 

and 3, the percentage of 22.2% of the prefectures is distinguished by a positive 

variation over 10%, while 15.65 of the prefectures is distinguished by a negative 

variation over -10%. It is noteworthy that the prefectures of Evros and Rodopis 

remain immutable in all the scenarios, as well as the prefecture of Kavala, which is 

only modified in the first scenario. 

The prefectures that show the greatest modifications are those of Xanthis, 

Prevezas, Pierias and Fokidos. The area of the prefecture of Xathi is reduced by 

43,98% in all the scenarios, except for the first one, that it remains immutable. In the 

prefecture of Preveza, an increase of a 27.38% is noted in the area in the first scenario 

and a 60.73% in all the others, while the area of the prefecture of Pierias illustrates a 

25.19% increase in scenarios 2, 3, and 4. Finally, the prefecture of Fokidos is 

distinguished by an area decrease of 41.39% in scenarios 2, 3, and 4b. 

In the following maps, having applied the model, the Kapodistrian municipalities 

are integrated in a different prefecture than before (they take the same color of the 

prefecture in which they are integrated). Moreover, the new prefectural boundaries 

and the image of Greece are presented as well. 

Finally, according to the maps, the table below presents the percentages of the 

municipalities that change the prefecture to which they belong. 

Table 12. Percentage of municipalities that have been integrated in a different prefecture 

Municipalities in Count Percentage 

Total 107 11,88% 

One Scenario 29 27,10% 

Two Scenarios 6 5,61% 

Three Scenarios 13 12,15% 

Four Scenarios 22 20,56% 

Five Scenarios 37 34,58% 
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Map 5. Municipalities assigned to a different 

prefecture  
Map 6. The new Prefectural boundaries 

Obviously, the 11.88% of the Kapodistrian municipalities is integrated in a 

different prefecture than before, after the implementation of at least one scenario, 

while the majority of the municipalities is integrated in a different prefecture than 

before, due to the implementation of all the scenarios being examined. 

5. CONCLUSIONS 

The objective of the present paper is the creation of a methodological framework in 

order to deal with the regionalization and the restructuring of the country’s 

administrative units to improve the Kallikratis reform. For this purpose, the basic 

criteria that were defined are the reduction of the distances between the new proposed 

seats and their equivalent merged municipalities, the greatest possible population 

uniformity among the new municipalities, and moreover, the selection of the most 

proper settlements which become the new seats, according to the demographic and 

spatial characteristics of each municipality. 

The problem was examined with the use of Geographical Information Systems 

(GIS). Summarily the steps of the proposed methodological framework are: 

i. Assessment of the municipalities’ current situation, using the origin-

destination table. 
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ii. Presentation of the alternative proposals of municipalities’ merging, after 

multiple trials, using the location-allocation model, and specifically the 

“minimization of the resistance” and the “maximization of the coverage” 

problems. Four different scenarios were examined and after comparing their 

results to the corresponding values of the present situation, the scenario with 

the optimal results was chosen. 

The solution to the problem is met in the margins of the Greek mainland by two 

different approaches: one preserving the prefectural boundaries as they already are, 

and another ignoring them. As a conclusion, the implementation of the proposed 

methodology reveals three basic advantages. Using the location-allocation model, the 

selection of the new seats plus the distribution of the municipalities are always based 

on the optimal pat, minimizing at the same time, the overall impedance. Through this, 

the criterion, which has been placed before, as far as the minimizing of the seats’ 

distance and the distances between the headquarters are concerned, is met. 

Additionally, since we talk about modeled processes, there is a chance of editing a 

wide range of data simultaneously, as well as implementing various tests only by 

altering the criteria in a minimum time. Finally, using GIS gives the possibility of the 

results’ visualized efficiency in the form of maps, thereby providing an affluence of 

information to the user.  
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