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Abstract. The study proposes a fractal-textural qualitative analysis method
of disparities in the turnover in Romania, comprising GLCM entropy, fractal
entropy and Higuchi 2D dimension. In the open source QuantumGIS platform
there were developed cartographic models of the turnover distribution in Romania,
at the level of territorial administrative units, for each year between 2000 and
2016. For each year there were established five levels for representing the
territorial administrative units, for which a structural analysis of the levels was
conducted: 1+2-the smallest values, 3- the mean values and 4+5- the highest
values. The proposed model highlighted numerous specificities in the turnover
distribution in each development region, the most important being the modeling of
the structural crisis in 2009. Perhaps the most important aspect highlighted is the
importance of level 3 in generating critical masses for levels 1+2 and 4+5.
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1. Introduction

The structural dynamics of economic processes is one of the directions that
provide valuable information in understanding the regional manifestation patterns.
The spatial dynamics of the development and the trends in territorial concentration
increasingly concern the scientific world as well as the decision makers. Despite
this interest, the number of studies is relatively low, and they are targeting
punctual, generally gquantitative approaches (Allen and Arkolakis, 2014; Harrison
etal. 2011).

In the polycentric development studies, it is analyzed the manner whereby
the economic activities are concentrated along the development axes connecting
the polycentric nuclei (Boix and Trullén,2007, Meijers et al., 2007, Geppert and
Stephan, 2008, Wang and Kockelman, 2009).

In numerous studies regarding the economic pressure on forestry resources,
fractal and nonfractal models were applied to identify patterns in the manifesting of
this phenomenon, with very high disparities in former communist countries
(Andronache et al, 2017; Pintilii et al. 2017). The obtained results may be easily
extrapolated for the analysis of the regional disparities in the turnover distribution.

The results obtained in the risk analysis based on entropy can contribute to
the development of methodologies for analyzing the spatial dimension of the
occurrence of economic phenomena (Jiang et al., 2009; Parker, 2017). Also, the
proposed method can make an important contribution to the development of
methodologies for the analysis of the impact of economic restructuring on
emerging processes occurring in a region.

2. Data and Methodology

2.1. Spatialization of the turnover

In order to perform such structural analysis a set of 15 anisotropic digital
images was created, using QuantumGIS, as 2D representations of the territorial
dynamics in turnover, for the period 2000-2016.

For each year, five representative ranges were established, for which a
structural analysis of 1+2 - smallest values, 3- average values and 4+5-highest
values was performed, for all the development regions of Romania (Figure 1).
Considering that the Bucharest-1Ifov Development Region is surrounded by South
Muntenia Development Region, fractal and non-fractal analysis of the latter would
have been impossible, so the two were analyzed together.
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Figure 1.Structural dimension of the study area

2.2. Image pre-processing

The images obtained from QuantumGIS in order to determine GLCM
Entropy, fractal entropy and Higuchi 2D were converted to 8-bit gray scale images
using Image J 1.520 (Schneider et al. 2012). For the Fractal entropy analysis, the 8-
bits imaging in gray scale were segmented and then converted to binary using the
same Image J 1.520 software. The pixels of interest fractals (foreground) were
extracted in white, and the background pixels, non-fractals (background) were
extracted in black. Through segmenting and binarizing, two sets of images were
obtained: some with reduced turnover values (ATUs (administrative territorial
units) poor and very poor - level 1 + 2).And another set with high turnover values
(rich and very rich ATUs - level 4 + 5). Please note that level 3 represents
moderate turnover on ATU level.

2.3. Analysis of images

For the qualitative analysis of the disparities in the turnover spread,
GLCMentropy, fractal entropy and Higuchi dimension 2D were determined.

GLCM Entropy is a component of GLCM (Gray-Level Co-Occurrence
Matrix). GLCM is a statistical method for examining the texture of an image in
grayscale. Therefore, it no longer requires binarization, the method wherein, in
most cases, quantitative and qualitative elements are lost. GLCM provides
information on the spatial relationships of pixels in an image in grayscale, creating
an array and then extracting statistical measures from this array (Haralick et al.
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1973). In GLCM, entropy is a statistical measure of randomness and measures the
degree of clutter or complexity of an image. Entropy is significant when the image
is not consistent from a texture point of view and when many GLCM elements
have low values. Complex textures tend to have high entropy.

Entropy is measured according to the equation (Haralick et al. 1973):

Entropy = z z p(i,j)logp(i, j)
L

where p (i, j) are the spatial co-occurrence probabilities,

where i and j are the coordinates of the co-occurrence matrix.

The GLCM entropy analysis was conducted using the Texture Analyzer
plugin (Cabrera 2005) for Image J 1.520 software (Schneider et al. 2012).

Fractal entropy or information dimension (D) is a measure of the amount
of "disorder" present in an image. To evaluate D;, probabilities are calculated to
find points in the image (Pitsianis et al., 1989). Fractal entropy is derived from the
Box-Counting analysis. If Box-Counting considers a box as the foreground part of
the fractal objects whether it contains one point or a relatively high number of
points. D1 comes with a different approach and actually allocates weights to the
boxes so that the boxes containing a higher number of points weigh more than
boxes with fewer points. Fractal entropy is calculated only for binary images, as a
needed prerequisite it is necessary to extract the fractal objects to be analyzed by
binarization.

D; is defined by the following equation:

Dl — lim [ S(r+£)—5(r) ] ) d

e—0 Llog(r+e)—log(r)
N()

S(r) = }Il_rgz m; log(m;)
i=1

whereS(r)is Kolmogorov entropy, N is the number of boxes and m,;— % M; is the

number of points in i box, M is the total number of dots of the fractal object, and
€ is the size of the box

D; is calculated starting from the gradient of the entropy line diagram
Kolmogorov of logarithms on the sides of the boxes used to cover the fractal object
(Kunicki et.al. 2009). Like box-counting, the value D, is independent of the basis
of the logarithm used.

Higuchi dimension 2D (H2D)is a fractal analysis of image texture, using
grayscale images, as in the case of GLCM entropy. H2D is a generalization of H1D
to calculate the fractal dimension of a plane curve (Spasic 2014). H2D is based on
the calculation of the fractal complexity of an image, considering the relationship
between the gray levels of some pixels and the gray levels of the pixels in their
proximity. TheH2D dimension is obtained from the negative trend of double
logarithmic plot of values A (k) and k:
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pKfolabiff _ _p

where, D is obtained from the relation A(k) o< kP where A (K):
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where n and m are the starting points that are heading towards k;
i and j are indices of individual points;

wkandnk . are normalization factors.

k is calculated by multiplying the difference in gray levels of two adjacent

pixels by the distance between the two pixels; again, x is the pixel analyzed
(Ahammer et al., 2015).
Higuchi 2D analysis was done automatically using the open —source software IQM
3.5.0(Kainz et al. 2015). After the preliminary tests, we opted for a maximum k =
1,137 considering that all ATUs would have a level 5 turnoverDXfoldDiff —
2.3051, and if they had a level 1 turnoverDXfoldPiff = 2 8981, It means that the
more the influence of the turnover of the polarization centers on the nearby ATU in
the neighborhood increases, DX/°!4Pif il decrease.

3. Results

3.1. Dynamics of turnover

After 2000, Romania recorded a significant economic growth as a result of
the structural reforms determined by the perspective of integration in the European
Union. The turnover recorded an important increase during the whole analyzed
period, interrupted only by the economic crisis that had an effect starting with
2009.

The analysis of the turnover dynamics at national level highlights the highest
values in urban systems with a population of over 250000 inhabitants (Bucharest,
Brasov, Cluj-Napoca, Timisoara, Constanta, Iasi and Craiova), where the level 5
was maintained over the whole period, while level 4 is dominant in their emerging
territorial system. By the end of the analyzed period, two emerging territorial
systems, Bucharest and Brasov, recorded significant increases, with level 5
dominating (Figure 2). The levels1+2 is reduced towards the end of the period,
when it still occupies compact geographic areas only in the South-West
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development regions Oltenia and North East Region, two of the poorest regions of
the European Union. In Figure 2, the turnover dynamics show the important role of
the big urban centers in promoting territorial development.

Legend

100 150 200

Figure 2. Turnover spread in Romania

In Figure 3a, the evolution of Higuchi 2D size shows the stages in the
evolution of turnover in Romania. Thus, simultaneously with the expansion of the
areas with an increase in turnover, H2D dimension decreases. The application of
fractal entropy (figure 3b) shows a higher fidelity in modeling the turnover
dynamics in Romania, particularly after 2010.

The structural analysis through fractal entropy (figure 3c¢) highlights the
particularities of the evolution of the three intervals: levels 1+2, level 3 and levels
4+5, Levels 1+2 are continuously reduced over the period analyzed, towards the
end of the interval being mostly concentrated in the South-West Oltenia and North-
East development regions, where a trend towards compaction of the areas with low
turnover values is noticed. Levels4+5 shows a significant increase fueled by level3,
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but especially by 1+2, which near large urban systems makes a quick pass to levels
4+5.

In figures 4 a, b and c it may be seen the contribution of the entropy of each
level to the GLCM entropy. Entropy levels 1+2 and GLCM entropy decrease over
the whole analyzed period amid the shrinking and compaction of geographical
areas in this interval (Figure 4a). The correlation between GLCM entropy and level
3 is reduced (figure 4a), the average level being characterized by a very high
spatial disorder, being the interval towards which the units of the geographical
spaces in the lower level and supplier for the upper level tend to establish. The
correlation of entropy GLCM with entropy of the upper level is very good, the
compaction of geographical areas with high turnover values being obvious (Figure
4c).

2,700 3E+11 1700 2,000
256411 1600 § g1900
2411 1500 £ [ E1800
156411 S8
16411 1.4005 g .
Y
56410 1300 g | .o L1600
1.200 1.500
®
2,500 S

SR Y
FdFFePy
DA AP

2,650

pX ]

Absolute value (E)

o
N
T
0
N
=
v
3
&
I

2,550

&

& &
P ¥

o &
§
A &

O b
»
TS

b,

o
& P b c = =levels 1+2 ——Ilevel 3 levels 445
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Figure 4. GLCM and fractal entropy dynamics-Romania: a.-correlation
between GLCM entropy and the fractal entropy of the low values level (levels
1 + 2); b.- correlation of GLCM entropy and fractal entropy of medium
values-level 3 areas; c.- correlation of GLCM entropy and the fractal entropy
of high values (levels 4+5) areas.

Figure 5 shows the entropy dynamics in the poorest development region in
Romania and one of the poorest in the European Union, the North-East
Development Region. The application of the H2D algorithm (figure 5a) and the
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GLCM entropy (figure 5b) displays a decreasing tendency for the whole analyzed
period except for 2009, when the effects of the economic crisis determined an
entropy increase for two years. The structural analysis reveals a series of evolution
specificities, thus levels 1+2 shows a general decrease of entropy, but lower than
other regions (figure 5c). The correlation between GLCM entropy and fractal
entropy of each levels highlights the peculiarity of this region, the dependence of
the general entropy on the entropy of levels1+2 (figure 5d) with the largest spread
over the whole period. The reduced correlation between GLCM entropy and level3
(Figure 5e) shows the very low share of administrative-territorial units in this level
and the very low dynamics. The correlation of GLCM entropy with the level with
the highest turnover values (Figure 5f) registered an entropy increase against the
increases recorded around the main cities in the region.
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Figure 5. GLCM and fractal entropy dynamics-North-East
Development Region: a.- H2D dynamics; b.-GLCM entropy dynamics;
c.-structural dynamics of fractal entropy; d.-correlation between GLCM
entropy and the fractal entropy of low values levels (1+2); e.- correlation
GLCM entropy and the fractal entropy of medium values-level 3;

f.- correlation of GLCM entropy and the fractal entropy high value levels
(4+5).

The H2D and GLCM entropy analysis for the South-East Development
Region highlights the decrease of entropy and a high amplitude of dynamics,
showing a compaction of levels 4+5 towards the end of the analyzed period (figure
6a, figure 6b). At structural level, the amplitude of the decrease of entropy for the
levels1+2 and 4+5 (figure 6c) is noted, which at the end of the analyzed period is
reduced to several geographically isolated territorial administrative units. The
correlation between GLCM entropy and fractal entropy of each levels shows the
very good correlation between the levels1+2 and 4+5 and the GLCM entropy
(Figure 6d, Figure 6f), the two levels being dominant at the beginning, respectively
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at the end of the period. It is noticed the correlation between GLCM entropy and
level 3, R recording only 0.6533 (Figure 6e).

Figure 7 analyzes the development regions Sud-Muntenia and Bucharest-
IIfov, the geographic space with the greatest economic complexity. Entropy of
GLCMand H2D records the highest amplitude of the entropy evolution (Figure 7a,
Figure 7b). Fractal entropy of 1+2 levels recorded the highest decrease among all
analyzed regions (Figure 7c), such evolution showing the capital city's economic
force over an ever-expanding space with values in the levels4+5. The fractal
entropy of the 4+5 levels recorded a continuous increase, being the level that
extends almost to the entire area under review. Entropy of level 3 shows a
continuous reduction trend by narrowing this level in favor of levels 4+5. The
influence of fractal entropy of each levels on GLCM entropy is highlighted by the
good correlation with the levels 1+2 (Figure 7d) and 4+5 (Figure 7f), and by the
reduced correlation with the level 3 (Figure 7e).
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Figure 6. GLCM and fractal entropy dynamics-South-East Development
Region: a.- H2D dynamics; b.-GLCM entropy dynamics; c.-structural
dynamics of fractal entropy; d.-correlation between GLCM entropy and
the fractal entropy of low values levels (1+2); e.- correlation GLCM
entropy and the fractal entropy of medium values-level 3; f.- correlation of
GLCM entropy and the fractal entropy high value levels (4+5).

At the level of South Development Region (Muntenia), the GLCM and H2D
analysis shows the greatest dynamics. The polarizing role of the capital city’s
footprint marks the entropy evolution in the entire region through the highest
decrease in the H2D algorithm (Figure 7a), from approximately 2.5 to
approximately 2.2.

The level of GLCM entropy is continuously decreasing, and the most
interesting fact regarding the evolution on levels is that levels 1+2 and 3 are
continuously decreasing, and 4+5 levels are increasing in the analyzed interval,
which reveals that the turnover in this region are continuously growing, mostly in

57
DOI: 10.24818/18423264/54.1.20.04



Daniel Peptenatu, lon Andronache, Andreea Karina Gruia, Alexandra Grecu,
Cristina Dima, Razvan Catilin Dobrea, Dumitru Alexandru Bodislav

the ATUs located in close proximity to Bucharest, and levels 1+2 pass directly to
4+5 considering that level 3 is also continuously decreasing.

The economic crisis is marked by a much lower growth of entropy in this
region, compared to the others where it was much higher. Figure 7cshows that
during the economic crisis, 1+2 levels fell to the detriment of level 3, indicating
that many ATUs registering small turnover in this period increased to level 3 or
4+5 because the latter are constantly growing, even during the crisis.
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Figure 7. GLCM and fractal entropy dynamics-South Muntenia
Development Region and Bucharest-lIfov Development Region: a.- H2D
dynamics; b.-GLCM entropy dynamics; c.-structural dynamics of fractal
entropy; d.-correlation between GLCM entropy and the fractal entropy of low
values levels (1+2); e.- correlation GLCM entropy and the fractal entropy of
medium values-level 3; f.- correlation of GLCM entropy and the fractal
entropy high value levels (4+5).

Although the South-West Development Region Oltenia is the second poorest
in Romania, it recorded the smallest decrease of entropy among all development
regions. The enthalpy analysis of H2D and GLCM for this region shows the same
decreasing trends as at national level, but these decreases are even lower than those
of the North-East Development Region. As for the evolution of H2D (Figure 8a), it
decreases from approximately 2.5 to 2.4 and GLCMentropy (Figure 8b) shows
very low decreases from approximately 1.55 to 1.45 which is worrying even when
compared to North East Development Region showing a greater decrease from
approximately 1.55 to 1.3.

Figure 8c shows an evolution in which levels 1+ 2 decrease slightly but stay
higher throughout the analyzed period than level 3, which also recorded slight
increases especially after the economic crisis when it recorded slight decreases.
Levels 4+5 are in slow growth, maintaining relatively close to levels 1+2.

The causes for which entropy in its evolution did not show major decrease in
this region as recorded by other development regions may be multiple. These
include the fact that the South-West Region does not present very strong cities

58
DOI: 10.24818/18423264/54.1.20.04



Application of Fractal-structural Methods in the Analysis of the Spatial
Distribution of Turnover in Romania

recording a high emerging area, besides the city of Craiova, and besides this we
can also find the lack of infrastructure and accessibility in the northern and north-
western areas of the region.
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Figure 8. GLCM and fractal entropy dynamics-South-West Development
Region Oltenia: a.- H2D dynamics; b.-GLCM entropy dynamics; c.-structural
dynamics of fractal entropy; d.-correlation between GLCM entropy and the
fractal entropy of low values levels (1+2); e.- correlation GLCM entropy and
the fractal entropy of medium values-level 3; f.- correlation of GLCM entropy
and the fractal entropy high value levels (4+5).

In Figure 9a we observe that even in the Western Region, the GLCM
entropy has continuous decreasing tendencies, with the exception of the growth
from the crisis period, growth much more significant than in the case of the
Southern Region, which reveals that Timisoara is not able to exert the same
polarizing power in the territory as the capital city, therefore the emerging area of
this city is much smaller.

Turning to levels of turnover, levels 1+2 decrease slightly over the entire
period under review, registering a sharp decrease during the economic crisis, when
a part of them went to level 3 that registered an increase even in this interval.
Levels 4+5 show an upward trend, this evolution being like the one in the Southern
Region (Figure 9c).

Although entropy has been considerably reduced in the western part of the
development region, in the eastern and southern parts, on the territories of the
Carag-Severin and Hunedoara counties, we still encounter a rather high degree of
the fractal entropy, where levels 1+2 and even 3 have an increased presence,
compared to the rest of the region (Figures 9d, e, f).
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Figure 9. GLCM and fractal entropy dynamics-West Development Region:
a.- H2D dynamics; b.-GLCM entropy dynamics; c.-structural dynamics of
fractal entropy; d.-correlation between GLCM entropy and the fractal
entropy of low values levels (1+2); e.- correlation GLCM entropy and the
fractal entropy of medium values-level 3; f.- correlation of GLCM entropy
and the fractal entropy high value levels (4+5).

In the case of the North West Development Region, we note the polarizing
role of Cluj-Napoca, which generates an emerging area around it, reducing entropy
(Figure 10a, b). A small degree of entropy is recorded also in the western part of
the region, where Oradea city succeeds to show its beneficial effects in the
territory. The only regions where entropy is raised are those in the hills, namely
Salaj County, where Zalau and the other smaller towns in this area do not manage
to attract investments and capital. GLCM entropy and H2D levels are also
decreasing in this region, whereas levels 1+ 2 show continuous decreases, while
level 3 stagnating between 1.5 and 1.6, decreasing after 2011. Levels 4+5, as for
the other regions, are slowly increasing continuously as a result of the turnover
growth of several ATUs (Figures 10, c, d, e, f).
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Figure 10. GLCM and fractal entropy dynamics-North-West Development
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Region: a.- H2D dynamics; b.-GLCM entropy dynamics; c.-structural
dynamics of fractal entropy; d.-correlation between GLCM entropy and the
fractal entropy of low values levels (1+2); e.- correlation GLCM entropy
and the fractal entropy of medium values-level 3; f.- correlation of GLCM
entropy and the fractal entropy high value levels (4+5).

In the Central Development Region, the level of entropy is greatly reduced
due to the economic growth of several cities in this area. Entropy is reduced
primarily due to the main cities (Brasov, Sibiu, TarguMures, Alba Iulia), which
represent real poles of growth with a significant emerging area. A higher level of
entropy is recorded in the center of the development region in the area adjacent to
Medias, as it is not able to exert any major influence on a vast territory (Figure 11a,
b).

The turnover levels are in line with the general national trend in that levels
1+2 decrease to the point wherein they reach almost level 3. Level 3 is maintained
at an average of 1.5 but with low upward fluctuations after the economic crisis.
Levels 4+5 starting in 2000 from the same point as levels 1+2 are continuously
increasing until 2016 (Figures 11c, d, e, f).

y =0.759x + 0.5819 Yers y=0.3011x +1,1023 y=0.3011x + 1.1023
R?=0.9261 s R*=0.7709 d R?=0.7709

14 16 18 K 14 16 18 . 14 1.6 1.8 2
GLCM Entropy GLCM Entropy GLCM Entropy

Figure 11. GLCM and fractal entropy dynamics-Center Development Region:
a.- H2D dynamics; b.-GLCM entropy dynamics; c.-structural dynamics of
fractal entropy; d.-correlation between GLCM entropy and the fractal
entropy of low values levels (1+2); e.- correlation GLCM entropy and the
fractal entropy of medium values-level 3; f.- correlation of GLCM entropy
and the fractal entropy high value levels (4+5).4. Conclusions

The methods used in this study are meant to show the qualitative elements
regarding the dynamics of the territorial profile, bringing a new dimension in
research as compared to the classic economic and statistical methods which capture
only the quantitative evolution of the economic dimension.

Through the evolution of GLCM entropy and of Higuchi2D analysis, gray-
scale images were generated that show the evolution of entropy and the complexity
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in the territory between 2000 and 2016, with the general tendency to decrease. At
national level, the decrease of entropy is given by the decrease of 1+2 levels,
maintaining level 3 at an average between 1.5 and 1.6 and a significant increase of
levels 4+5 that contribute massively to the reduction of entropy in the territory.
The methodology used may contribute to increasing the relevance of analyzes
based on the spatial dimension of the phenomenon analyzed (Albu et al. 2017;
Pintilii et al. 2015;2016; 2017; Alexa et al. 2019).

Maintaining level 3 to a stable average over these years is because levels
1+2 turn to 3, and a part of level 3 pass in the upper levels 4+5. Some of tiers 1 and
2 go directly to 4+5, where ATUs are in the emerging area of big cities, without
affecting level 3. Structural approach to development levels may be a
methodological direction useful to substantiate the critical mass in manifestation of
phenomena with spatial distribution (Pravalie et al. 2014;Lupu et al. 2016).

The highest increases of levels 4+5 were recorded in urban systems with a
population of over 250,000 inhabitants and in their emerging area, and hence
dispersed to other areas, the capital city being the best example in this case. The
lowest values, ranging from 1+2, were recorded in the poorest areas, lacking
infrastructure and investments at the ATU level, such as the North-East and South-
West regions. Although entropy is considerably reduced within the analyzed
period, in the last analyzed year, it still records a variable entropy degree, with
significant levels of 1+2 levels compared to the other development regions.

The development of methodologies for the analysis of processes and
phenomena with spatial distribution will contribute to the consistent increase of the
level of their understanding, of the awareness on the ways other components of the
system contribute to the definition of the manifesting pattern.
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