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Abstract 
The article proposes a cross-border mobility model for borderlands by developing a 
multivariate socio-spatial index. Existing methods of evaluating cross-border mobility tend to 
focus simply on physical and security dimensions of the state borders. However, because of 
the complex dynamics of relationships among the countries, a multidimensional approach 
including the economic, social, administrative and spatial relationships have to be considered 
holistically. The proposed cross-border mobility modeling and index methodology includes 
spatial and non-spatial multivariate data for assessing the permeability of state borders by 
using fuzzy logic methods. GIS techniques are used to combine economic, social, 
administrative and spatial dimensions of relationships for creating the multivariate socio-
spatial index and to visualize the results. The results of the proposed methodology 
experienced for the borderlands of Turkey show that measuring the degree of cross-border 
mobility can improve the understanding of relationships among the states for developing more 
effective cross-border policies. 
 
Keywords: cross-border mobility; multivariate index; socio-spatial data; fuzzy membership 
 
Introduction 
Composite index construction is a technique to integrate large amounts of heterogeneous data 
in a compact way (Santeramo, 2016). This provides a comparison of complex issues in 
multifarious fields such as engineering, geography, environment and economy (Cherchye et 
al., 2006). Measurement of multidimensional issues of the social, cultural, political, 
economic, spatial and so forth ought to be represented by different measurements instead of 
by single descriptive indicators (Lun et al., 2006, Bandura & Campo, 2006). As having a 
multinational and socio-spatial content, border mobility becomes a multidimensional issue in 
terms of concept, data and scope. In analytical studies, borders are mostly discussed more or 
less subjectively i.e. white-gray-black, and in a narrower scope regarding specific areas or 
regions (Zartman, 2010; Popescu, 2006). In various studies, different methods and approaches 
have been developed for cross-border mobility and permeability (Star & Thomas, 2002; 
Stephenne & Pesaresi, 2006; Hisakawa et al., 2013) due to the availability of data. These 
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approaches are limited in terms of producing a generalizable model due to low diversity in the 
data sets they use. Thus, there has not been a holistic framework for measuring the mobility 
considering socio-spatial characteristics of the border region in a multivariate context. Thus, 
analysis needs to be reconsidered in a broader and multi-dimensional way that will help 
nation states to make rational and effective decisions and to designate border policies due to 
cross-border mobility model. 

In literature, state borders are mostly defined as bridges, barriers or action spaces. The 
use of cross-border mobility approach in the analyses conducted at national or supranational 
borders has come to the fore mainly in the context of sovereignty and border security 
(Dodson, 2000; Missbach, 2014; Stephenne & Pesaresi, 2006). In political border 
management context, mainly related to territoriality (Anderson, 2001), “space” dimension has 
been added to the analyses regarding the control of border space and the movements inside 
the border regions (Sack, 1986). Other approaches, using economic (O'Dowd, 2002) and 
geographical indicators (Star & Thomas, 2002) have considered border as physical 
boundaries. In this study, cross-border mobility refers to a multivariate and multi-dimensional 
context including economic, social, administrative and spatial interactions in the border 
regions. In order to measure cross-border mobility in a multivariate and multi-dimensional 
context, different evaluation methods can be developed (Starr & Thomas, 2001; Stephenne & 
Pesaresi, 2006; Kolejka et al., 2015; Hisakawa et al., 2013). Based on geographical data, Starr 
& Thomas (2001) present a framework that illustrates the relationship between the EU’s 
process-based permeable boundaries and the integration process using different vector and 
raster datasets, such as the ease of interaction or border detection of the areas requiring 
security measures. Stephenne and Pesaresi (2006) develop a permeability model that utilizes 
accessibility, concealment and security indicators by emphasizing geographic permeability. In 
addition to these studies, the latest models are characterized by the use of GIS technologies. 
Hisakawa et al. (2013) measure porosity of state borders by using the geographical and 
physical data along with geocomputational methods. 

Existing methodologies have carried out analyses focusing attention on specific 
aspects of the interactions on border regions. However, in order to comprehend the complex 
socio-spatial structure of border regions, a holistic perspective is needed that will integrate the 
tools of present models and the complex socio-spatial components of the border regions. In 
the face of these considerations, this paper develops a cross-border mobility model for 
measuring the interactions at state borders, considering socio-spatial characteristics of both 
sides of the neighboring countries. The proposed model aims to contribute to the research 
field mainly in two dimensions. Firstly, it presents an initiating framework with its multi-
dimensional approach regarding the complexity of border regions. Secondly, concerning the 
blurred nature of border regions, it integrates fuzzy logic into the combined index 
methodology. Within this framework the paper starts with conceptual explanations as a basis 
for the model. Then, it proposes a multivariate socio-spatial mobility index for borders 
integrating economic, social, administrative and spatial data. The application of the model to 
Turkish and its neighboring state borderlands helps to find out the cross-border interaction 
level that will develop effective and unique public policies based on the multivariate border 
mobility levels.  
 
Developing the Socio-Spatial Index and Cross-Border Mobility Model  
In cross-border interaction analysis, cross-border mobility is the main determining function, 
which differentiates due to the nature of the border and requires analyses at different scales. 
Context-dependent variation of mobility definitions in literature is related to the conceptual 
framework being displayed academically. Within this process, border interaction has 
generally been reconceptualized by security-based issues (Anderson & O’Dowd, 1999:597), 



as well as social, economic and spatial (geography-based) interaction discussions. Security-
based approach is a form of political cross-border management and this military defense 
based perspective on the border is characterized by the fact that central governments ignore 
the social and economic dimensions among neighboring countries by seeing the border 
basically politically and militarily (Anderson & O’Dowd, 1999). Physical barriers and control 
points are designed as basic tools in security-based analysis. On the other side, social and 
economic interaction analysis prioritizes economic and social relations and features that 
consider the formal and informal relationships occurring among the neighboring countries. 
Lastly, geographic-based spatial analysis includes more analytical elements when compared 
to the two other approaches. It measures geographic permeability by using digital maps and 
measurable physical and geographical data. These three approaches have unique and 
differentiated analysis that measure mobility due to their objectives, but they do not provide a 
holistic model for nation states cross-border mobility (Stephenne & Pesaresi, 2006; Starr & 
Thomas, 2001). 

In the production of cross-border mobility model and the multivariate social-spatial 
index, these concepts are redefined both by physical features and by an overarching content 
that includes spatial, social, cultural, economic, administrative and security related issues. In 
order to analyze the cross-border mobility of state borders, first of all, it is necessary to 
determine what is passing through the borders, how they pass, and what is being filtered. For 
determining these, concrete variables have to be defined primarily. In theoretical and 
empirical studies, cross-border mobility has been considered as the total probability of the 
transition of goods, capital, information, and people to the other side of the national 
boundaries. While the measurement of flows is more quantitative, the measurement of 
mobility is more complex as the content of permeability can change over time by the 
restrictive and facilitative factors or by national policies. While constraints can be spatial and 
political barriers, as well as socio-cultural diversity, facilitators can be government supported 
policies, provided incentives and quality of infrastructure. 

Redefining the cross-border mobility concept by a multivariate analysis of economic, 
social, administrative and spatial variables causes a more generalizable and widened 
geographical context that help to understand the level of relationships among the neighboring 
countries. The proposed cross-border mobility index created by different variables provides 
an opportunity to identify the current situation and display the potentials for the convergence 
of cross-border regions. Created by objective indicators of economic, social, administrative 
and spatial interaction levels along national boundaries, the proposed GIS-based multivariate 
cross-border mobility modeling forms the basis for the empirical study of Turkish national 
land borders. 
 
Data and Methods 
Data Sources 
This study integrates socio-economic and spatial data for the creation of a multivariate cross-
border mobility index to apply in Turkey’s national land borders. The main goal is to 
understand how cross-border socio-spatial flows affect the level of interaction by neighboring 
countries in tandem with the global processes. The study proposes a model to fill the 
theoretical and empirical gap for measuring the mobility on nation state borders by 
developing a holistic approach. It integrates multivariate spatial and tabular data of economic, 
social, administrative and spatial variables in local, regional and national levels into a 
systematic and comprehensive composite index. Thus, the cross-border mobility model 
perceives and analyzes the border not only as spatial passages but as an integration of 
political, socio-spatial, socio-cultural and economic interactions. Figure 1 demonstrates the 
adaptation of composite index methodology to the proposed model. 



 

 
Figure 1. Composite index methodology and proposed model 
 

Two key steps have been established for the development of the index. The first is the 
creation of data sets and indicators, and the second is the determination of the geographical 
scope. Based on literature, 22 theoretically and practically important and relevant variables, 
measuring the flows among countries were chosen to ensure a multidimensional approach in 
understanding the complexity of the border region. The proposed model was developed by 
using compiled and computed variables to measure the socio-spatial interaction in an area of 
50 km buffer of the borderline for both sides (Figure 2). In the related literature (Perkmann, 
2002, Stephenne and Pesaresi, 2006), the boundary depth for defining the border regions vary 
between 50 to 100 km where most of the social, economic, administrative and spatial 
interactions along the border occur. Publicly available data were gathered from different data 
sources like the Turkish Statistical Institute, General Directorate of Security, Turkish Military 
Services, several ministries at national level, and local government authorities. In order to 
minimize the impact of refugee mobility caused by Syrian civil war, 2013 and 2014 data were 
used. 



 
Figure 2. Analysis area and the border gates  
 
Defining Subindex Groups for Cross-Border Mobility Indicators 
For creating multidimensional indices, it was necessary to separate the variables into 
subgroups, which would increase the robustness of the conceptual framework and clarify the 
set of indicators. It would also improve the user’s understanding of driving forces behind the 
index and would determine the relative weights across different factors (Nardo et al., 2005). 
Thus, mobility indicators for the study were separated into four subgroups: economic, social, 
administrative and spatial. 

Together with the trade flows between countries, the factors related to the level of 
correspondence, trade ability and volume, easiness and potential of the economic relationships 
were assessed as economic mobility in the first subindex group. The indicators discussed by 
several studies in cross-border economic and regional integration literature were adapted to 
determine the levels of economic relations (Obstfeld & Rogoff 2001; Nitsch, 2000; Evans, 
2003). Thereby, trade volume by countries, total passenger volume crossing the border, 
amount of multinational capital investment, direct foreign investment in the border regions, 
foreign trade balance, border gate types according to customs characteristics, commercial 
trade quotas for cities located in borderlands, and distance of borderlands to free economic 
zones were used as economic indicators. 

The second subindex group comprises social mobility indicators that try to reveal the 
possibility of social interaction levels. In this context, religious and sectarian differences and 
similarities in the border region and the similarities of nationality and historical backgrounds 
that would help to reveal the dimensions of social permeability were considered. The 
race/ethnicity structure, religious and sectarian similarities and differences (Izady, 2008a; 
Izady, 2008b; Meirav, 2011, Luo et al., 2016), social and cultural service volume and 
population, and settlement densities within 50 km and 100 km depth of the borderline were 
examined. 

The third subindex group was defined for administrative mobility. Indicators in this 
group determined by national or supranational arrangements were mostly put into practice by 



central governments. Administrative mobility covered the entire border control mechanism on 
the borders between the two countries. In this framework, visa arrangements which were 
determined by central governments and considered as indicators of the ease of transition to 
the other side and visa restrictions by a destination country for citizens reduce cross-border 
flows by %20 (Czaika and Neumayer, 2017), number of illegal transit attempts at the border, 
number of smuggling incidents at the border, characteristics of the customs gates, and number 
and type of sister cities that could coincide with political proximity were taken into 
consideration. 

The fourth subindex group was spatial indicators that had the highest potential to be 
measured analytically. These were natural thresholds (streams, lakes, etc.), artificial 
thresholds created by security concerns and making the border less permeable, number of 
settlements and their densities, average transportation time among the cities on both sides of 
the border, and road and railway transportation infrastructures.  

As composite index validity depends on the strategic objectives of the research 
(Mazziotta & Pareto, 2013), variables reflecting the flows among countries were chosen to 
ensure a multidimensional approach in understanding the complexity of the border region. 
After subgrouping the main index components and related variables, all economic, social, 
administrative and spatial data in tabular form were analyzed in Geographic Information 
Systems Software (ArcMap) in order to realize necessary steps for achieving multivariate 
socio-spatial cross-border mobility index for border regions (Figure 3). 



 
Figure 3. Subindex components and data preparation 
 

The data for Turkish borderlands consisted of a spatially referenced longitudinal 
database that included nearly 3300 km long and 100 km wide area with 16 million population 
for the year 2013. The borderland was divided into 10 x 10 km grids that consisted of 343 
grids in total. Four subgroups of variables were rasterized before applying fuzzy classification 
methods that were used for the standardization of each layer. 
 
Fuzzy Logic as a Method of Reclassifying and Standardizing Data 
By the mutual agreement of neighboring nation-states, border regions are separated by clear 
lines. However, due to the maintaining interaction among local inhabitants, they are 
transformed into areas with intermediate mobility values. Thus, they can be expressed with 
degrees of membership to a fuzzy set than with binary classification. However, studies on the 



measurement of the mobility at state borders have displayed definitive expressions based on 
expert opinions, but intermediate values are ignored (Dombi, 1990). 

The proposed methodology in this study is associated with the fuzzy set theory that is 
used for quantifying the membership relationship of layers to specific sets, where a 
membership function defines the level of confidence, and whether an element belongs to the 
set or not (Zadeh, 1965). The fuzzy membership is generally used to reclassify and transform 
the input data into a scale of 0 to 1 indicating the membership strength of a set, based on the 
possibility of being a member of a set (Mesgari et al., 2008). Membership functions are 
important for reclassifying rasters since they affect the fuzzy inference system (Ross, 
2010:89). In other words, membership functions are the representation of the degree of 
belonging to a fuzzy set by the type of functions. In theoretical and practical studies; 
triangular, sigmoid, sinusoid, trapezoid, Gaussian, bell and linear types of functions are 
determined to be the most suitable membership functions. These functions, which can be 
expressed by mathematical formulas and shapes, can be calculated with the parameters 
compatible with GIS software. 

In this study ArcGIS spatial analyst tool is used for determining the appropriate 
membership function type. While reclassifying and transforming the raster data into a layer, 
firstly each data is reclassified and transformed into a 0 to 1 scale, identifying the possibility 
of belonging to an appropriate set. Then, within this framework, four types of membership 
functions are standardized by taking into account the data types and distributions related to 
the border mobility context (Figure 4). Here, each membership function transforms the data in 
a specific way to capture the interaction at the borderlands. The pixel values generated due to 
the data obtained by fuzzy logic are used as inputs. Thus, new pixel values are standardized 
according to the data type and distribution. With this fuzzification process, fuzzy cluster 
membership is performed for each data set. The values between 0 and 1 indicate the 
probability of fuzzy cluster membership, while a value of 1 indicates absolute membership. 
According to type, distribution, and standard deviation of the data, appropriate membership 
function is chosen to obtain the most appropriate transformation via different conversion 
parameters. 
 

 
Figure 4. Types of Fuzzy Membership Functions 



Type I is a fuzzy membership conversion method where expert-defined minimum 
values are assigned to 0 membership and maximum values are assigned to 1 membership by 
linearly. Thus, it transforms the input values linearly on 0 to 1 scale, with 0 being assigned to 
the lowest input value and 1 to the largest input value. All the values between 0 and 1 are 
assigned to base on a linear scale, with the larger input values closer to 1, smaller values 
closer to 0. Type I is applied to data sets where the measured values increase or decrease 
linearly. Type II is a fuzzy membership conversion method that transforms the original values 
into a normal distribution. The midpoint is assigned to be 1, and the rest of the inputs decrease 
in both positive and negative directions moving away from the midpoint. In Type II maximum 
values in data distribution correspond to the middle of the distribution. Type III is a fuzzy 
membership function where small values are assigned to 1, large values are assigned to 0 
membership based on the arithmetic mean and standard deviation. Type III is used for the 
data types where the smaller values in the data set are more mobile. Type IV is the opposite of 
Type III where large values are assigned to 1, small values to 0 membership based on the 
arithmetic mean and standard deviation. Contrary to Type III, in Type IV, the mobility level is 
high in large values but less in lower values. 

In the standardization of multivariate data sets, generally boolean or expert methods 
are used. However, in this study, the fuzzy membership classification method was used for the 
standardization, before using map algebra operations. Using fuzzy set memberships is a 
significant step as it provides a very powerful tool for the standardization process (Jiang & 
Eastman, 1999). Standardization through the use of fuzzy set membership provides the 
particular relationship between data distribution and decision-making that enhances cross-
border mobility precision. Thus, before the determination of border mobility, all the related 
data were transformed into a pixel-based structure for the spatial representation of the data. In 
this structure, the data was assigned to 10x10 km pixels. Thus, it was possible to perform 
pixel-based raster mathematical operations. The mobility of a relevant pixel value was 
evaluated in the GIS environment. 22 indicators were considered and mobility analysis was 
done by fuzzy membership classification (Type I, Type II, Type III and Type IV) by using 
weighting factors accommodating the relative importance of the cross-border mobility 
indicators (Figure 3). 

The cross-border mobility model was obtained by combining the values of economic, 
social, administrative and spatial subindexes, by using simple additive weighted (SAW) 
method, which uses an averaging procedure based on the linear dependence of mobility from 
its constituting elements of economic, social, administrative and spatial. Each grid had values 
between 0 and 1 for each variable of economic, social, administrative and spatial dimensions. 
After producing raw data acquisition and transformation to the appropriate spatial layers the 
overall model produced as the total of the economic, social, administrative and spatial 
permeability weights (Figure 5). 
 



 
Figure 5. The process of obtaining multivariate socio-spatial cross-border mobility index 
 

Continuous values for each economic, social, administrative and spatial raster layers 
representing the mobility and the boolean constraints were extracted from each grid resulting 
in a dataset consisting of approximately 343 individual grid for each of the variables. Thus 
mobility values were standardized to a common scale between 0 and 1 using fuzzy 
membership functions. 

The effectiveness of the proposed model is based on the principle of fuzzy logic which 
uses proper membership function on each of the cross-border mobility variables instead of 
giving individual rank to them. Thus, fuzzy logic is used for reclassifying and transforming 
each border mobility layer to a common scale. 
 
Results & Discussion 
The proposed cross-border mobility model provides an integrated measurement of mobility 
levels for borderlands, and it also provides separate information on mobility levels of 
economic, social, administrative and spatial aspects of the border region. In this framework, 
three cross-border mobility classification levels were defined and presented as low mobility, 
medium mobility and high mobility levels in order to simplify the results of the study. The 
standardized approach derived from the combined index methodology reveals cross-border 
mobility levels of state border regions in an economic, social, administrative and spatial 
manner. 

Figure 6 demonstrates the economic, social, administrative and spatial cross-border 
mobility levels separately and also gives the total cross-border mobility level of the Turkish 
borderlands. When the mobility maps are evaluated in three categories of low, medium and 
high mobility levels, it is seen that the mutually agreed border policies and the level of 
political relationships of the countries have a significant effect on cross-border mobility. The 
implemented foreign policies between countries differentiate the economic, social, 
administrative and spatial interaction levels. 
 



 
Figure 6. Cross-border mobility maps of the Turkish borderlands 
 

For a detailed observation hypothetically for each grid, the highest level of the total 
cross-border mobility would be 1, if the grid got the value of 1 from all the 22 variables. 
However, in the analyzes, none of the 10x10 km grids are found to be fully dynamic. 
Accordingly, the most dynamic grid gets a mobility value of 0.47 while the least get 0.04. 
The total cross-border mobility level by countries, the number of grids by the country borders 
and the average mobility values by countries are listed in Table 1. Accordingly, the 
Nakhchivan border has the highest cross-border mobility in terms of the average boundary 
mobility values. The lowest mobility level is in the Armenia border because of the inactive 
border crossing. 



 
Table 1. Permeability rankings by country 

Country Total Cross-Border Mobility Level Number of Grids Mean Mobility 
Nakhchivan 0,38 1 0,38 
Iran 17,3 62 0,28 
Greece 6,33 23 0,28 
Syria 29,38 111 0,26 
Georgia 8,59 35 0,25 
Iraq 10,37 47 0,22 
Bulgaria 5,16 26 0,20 
Armenia 5,98 38 0,16 
 

When each axis of economic, social, administrative and spatial is considered 
separately, the highest cross-border mobility values are observed in social (0,69), spatial 
(0,64), economic (0,60) and administrative (0,54) axes respectively. In the covariance matrix, 
it is observed that there is an inverse relationship between spatial and social mobility levels 
(Table 2).  

In areas with high spatial border mobility, social mobility indicator values tend to be 
low; in areas with high social mobility, spatial mobility values tend to be low. Examples of 
this inverse relationship are observed in the minefields adjacent to the border region with 
Syria that carry the characteristics of artificial barriers and low permeable areas. It is revealed 
that the minefields in the border regions do not directly affect social permeability in that 
region. On the contrary, these areas with low spatial mobility levels, have high social mobility 
levels. 
 
Table 2. Covariance matrix 
  Economic Social Administrative Spatial 

Economic 3,578190e-004 2,066561e-006 5,911725e-005 1,515355e-005 

Social 2,066561e-006 5,988344e-004 5,451609e-005 -5,779285e-006 

Administrative 5,911725e-005 5,451609e-005 5,189675e-004 1,009887e-005 

Spatial 1,515355e-005 -5,779285e-006 1,009887e-005 3,979517e-005 

 
In the correlation matrix, it is observed that the links among the whole axes are close 

to 0, which indicates that there are no strong connections among the axes. This makes it 
difficult to estimate the direction of one axis by looking at the direction of the other axis 
(Table 3). 
 
Table 3. Correlation matrix 
  Economic Social Administrative Spatial 

Economic 1,00000 0,00446 0,13719 0,12699   



Social 0,00446 1,00000 0,09779 -0,03744 

Administrative 0,13719 0,09779 1,00000 0,07027 

Spatial 0,12699   -0,03744 0,07027 1,00000 

 
While the cross-border mobility increases around the border gates, it decreases in 

borderlands where geographical thresholds are high, population density is low and 
transportation infrastructure is limited. On the other hand, the level of mobility around 
inactive border gates is not 0, which indicates that it is not the border gates only that increase 
or decrease the permeability values on their own, but other different socio-spatial relations 
that affect the cross-border mobility level. 

In the total socio-spatial cross-border mobility, the regions with the lowest mobility 
are Iraq, Armenia and some parts of the Bulgarian border, mainly affected by spatial and 
administrative variables. The low mobility zone at Syrian border is located along the 
borderline with minefields, which appears as a spatial barrier for cross-border passages. On 
the other side, for Armenia border, the low levels of mobility is because of the inactive border 
gates and no border crossings because of the distant political relationships. When the axes are 
evaluated separately; for the economic axis, the lowest mobility is on Armenia border and the 
highest mobility is on Iran border around Kapıköy border gate. For the social axis, the lowest 
mobility is on Armenian and Georgian borders and the highest mobility is on Iraq border. For 
the administrative axis, the lowest mobility is on Iraq and Armenia border and the highest 
mobility is on Syrian border. According to spatial mobility indicators, it is difficult to 
generalize for the entire borderline where cross-border mobility is affected at the point level 
data. Consequently, these cross-border mobility levels help to understand the socio-economic 
and spatial interaction levels in different borderlands that give clues for the policymakers to 
develop foreign relationships accordingly. 
 
Conclusion 
This study reveals the cross-border mobility among neighboring countries, based on a 
multidimensional approach, including the economic, social, administrative and spatial 
relationships, rather than a one-dimensional approach addressing solely the security issues. 
Thus, by using 22 different variables derived from theoretical and practical studies, four 
different types of sub-groups including economic, social, administrative and spatial 
components are achieved. Fuzzy membership functions are used in the normalization and 
standardization of the data sets. The concepts of fuzzy logic used in connection with the 
fuzziness contained by the border regions also correspond to the nature of the concept of 
cross-border mobility. Four different indices obtained from the analyses address different 
dimensions of border mobility, which is important in terms of allowing the decision makers to 
understand cross-border relationships in a holistic manner. 

The study makes two key contributions, both conceptually and methodologically. The 
conceptual contribution relates to propose cross-border mobility modeling and redefine the 
border mobility. It provides clues on how the socio-economic and socio-spatial dynamics can 
be treated without considering the borders of the countries, which politically/artificially divide 
the socio-spatial structure of the whole region. Besides, it clearly indicates which neighboring 
regions converge to each other or which of them diverge from each other along the borderline. 
Thus, it provides clues on how to see the borders and how to shape the regional and national 
level policies with the neighboring countries by considering the cross-border mobility of the 



border regions from a holistic perspective. This can help the establishment of cross-border 
multi-level governance policies including actors related to the border region. 

The methodological contribution is related to measuring the cross-border mobility 
level by a more comprehensive and flexible set of indicators, instead of solely security-
oriented indicators. It develops an innovative composite index methodology for a 
comprehensive understanding of socio-spatiality of border regions, which have various levels 
of interactions. The pillar of the methodological contribution is the spatialization of socio-
economic data by means of upscaling and downscaling, and the use of fuzzy logic in the 
reclassifying and standardizing of data. Contributes to socio-spatial research methodology by 
The index can be utilized as a model for other border regions to assess the cross-border 
mobility of the nation-state borders via the socio-spatial approach and fuzzy logic methods in 
GIS. It can be used for comparing the characteristics of border regions, or for estimating 
future developments following the same method and the same set of variables by using the 
computational procedures. The four different sub-indices obtained here demonstrate different 
dimensions of the border mobility separately. On the other hand, the integrated multivariate 
socio-spatial index, obtained from the total of the four indexes by using the SAW method is 
important in terms of providing an insight into the whole picture of cross-border relationships, 
which can be interpreted by nation-states on a country-by-country basis. 
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