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ABSTRACT 

The creative industry is developing today as a global phenomenon. The creative economy 

has vast potential for development and is one of the sectors with the fastest growing global 

economy. Creativity becomes the engine of social and economic change, turning into a 

new source of competitive advantage, as it is about how content creates creativity and 

helps create jobs. The study aims to analyze the spatial dynamics of creative economies 

at the level of Bucharest-Ilfov Development Region. A database was created, at the level 

of the administrative-territorial unit, with 2 economic indicators - the number of 

employees and the turnover considered relevant for this study, according to the NACE 

classification (Classification of National Economy Activities) for the period 2000-2016 

on the basis of which has been made distribution maps of the creative economies for the 

Bucharest-Ilfov Development Region. Also, in order to quantify spatial dynamics of 

turnover and number of employees, in the study were tested: Sholl analysis (which 

quantifies the dynamics of the branching phenomenon), Mass Dimension (which 

measures the degree of "centrality"), Entropy (showing the degree of disorder), Pyramid 

Dimension (which shows the degree of complexity of the turnover relationship and the 

number of employees), Higuchi 2D (which shows the degree of complexity of the 

turnover relationship and the number of employees), Kolmogorov Complexity (which 

shows the degree of complexity of the phenomenon analyzed), FFI (indicating the 

dynamics of fragmentation / compaction of wealth or poverty). The obtained results show 

the specificity of the development of creative economies in the emerging spaces 

structured by highly complex urban systems. 
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INTRODUCTION 

The origins of the creative sector are considered to be individual creativity, skill and 

talent. By generating and exploiting intellectual property, it helps to increase welfare and 

create jobs [1]. 

In recent years, the creative economy has become a powerful transforming force all over 

the world, and its role has grown significantly in society [2] and becoming one of the 
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fastest growing sectors in the global economy [3]. Creative industries also have an 

important influence on the richness of a region [4].  Through culture, creative industries 

have become an essential milestone of modern post-industrial economies based on 

knowledge [5]. 

In analysis of digital images, is frequently used GLCM analysis, because GLCM 

functions characterize the texture of an image by calculating the density of pixel pairs 

with specific values in a spatial relationship specific to an image. This is done by creating 

a GLCM, then extracting the statistical dimensions from that array (providing information 

about the shape and spatial relationships of the pixels of an image) [6], [7], [8]. 

Fractal analysis is a relatively recent tool that allows analysis of chaotic data series [9], 

or images [10] whose objects do not fit into classical, euclidean geometry. The term 

fractal was introduced by Benoit Mandelbrot in 1975 [11], starting from the latin word 

"fractus", meaning "broken" or "fractured", and used it to extend the concept of theoretical 

fractional theorems to the geometric models of nature. Different fractal methods can be 

performed, including binary analysis, grayscale dimensions, color dimensions, and 

lacunarity analyzes. 

The most common fractal analysis methods are: Ruler Dimension [12], [13], Box-

Counting [14], [15], [16],  Dilation Dimension [17], Mass Dimension [18], Local 

Connected Fractal Dimension [19], Perimeter-Area Dimension [20], [21], Information 

Dimension [22], [23], Minkowski Dimension [24], Higuchi 1D [25], Higuchi 2D [26], 

[27], FFT Dimension [28], Correlation Dimension [29], [30], Tug-of-War Dimension 

[31], Blanket Dimension [32], Multifractal Dimension [33], [34] or recently Fractal 

Fragmentation Index [35], [36], [37]. 

 

METHODOLOGY 

The study of the distribution of creative economies at the level of Romania was achieved 

by creating an economic database at the level of the administrative-territorial unit with 2 

economic indicators (number of employees and turnover) considered relevant for the 

creative economic activities according to the National Classification of Economic 

Activities (NACE), at the four-digit level for the period 2000-2016. Based on the data 

obtained, 17 maps were created for each indicator, using the open-source software QGIS 

3.4. The maps were made in grayscale with 5 color classes (the smallest having the darkest 

color). The 8-bits grayscale images were segmented by extracting the 5 classes set in 

during GIS design. 

Analyzes were made on binary images, resulting from the segmentation of the 5 classes 

of the image in gray tones and 8-bit grayscale images. Thus, Sholl Analysis and GPLM 

Entropy were made using the open-source ImageJ software [38], [39], Mass Dimension 

with Benoit 1.3. software [40], the rest of the analyzes being performed in open source 

IQM 3.5 [41]. 

Binary analyzes methods were performed on binary images, making 4 classes according 

to the grayscale class values (white color - over 60.000.000 lei / over 400 employees, light 

gray ranging from 10.000.001-60.000.000 lei / 101-400 employees, moderate gray 

ranging between 5.000.001-10.000.000 lei / 51-100 employees and dark gray ranging 

between 1.000.001-5.000.000 lei / 26-50 employees, so 01 (includes only the class with 

the most large values - white color), class 01-02 (includes the first two classes of values 

- white and light gray), 01-03 (includes the first three classes of values - white, light gray 

and moderate gray) and 01-04 (includes the first four classes of values - white, light gray, 

moderate gray and dark gray), the last class (the black one with the smallest values) is not 
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included here. Analyzes include: Sholl analyzes [42] calculated the number of 

intersections per concentric shell, and the mean diameter of the dendrites or axons within 

each concentric shell. The analysis was made using Sholl analysis 3.6.2 [43], [44]. Mass 

Dimension, this fractal method can apply to objects that follow a certain radial symmetry, 

such as diffusion-limited aggregates (DLA). Dm measures the mass m (r) in circles with 

increasing (r) concentric rays starting from the "center" of the object (image) (rmin) to 

the periphery (rmax).  Then we plot the logarithm of m (r) versus the logarithm of r. Mass 

Dimension and values between 1-2. When it tends to 1 it highlights chaotic, uneven, 

asymmetric development in several directions. When tending to 2 indicates symmetric, 

uniform development, in concentric "circles". Fractal Fragmentation Index or FFI 

(binary) [35] is a fractal index that measures fractal fragmentation. FFI is the result of the 

difference between the fractal dimension of areas (mass) and perimeters (border). IQM-

Plugin-FFI plug-in was used [45]. The Pyramid Dimension method is an alternative to 

Box-Counting Dimension and uses image pyramids that are a sequence of identical 

images, but at different sizes. The bottom of the pyramid is the original image. The image 

size is then reduced successively until it is a pixel representing the top of the pyramid 

[46], [47]. 

Textural analysis was done on 8-bit grayscale images. Thus, the FFI (grayscale analysis) 

was performed according to the methodology described in the binary analysis, with the 

words that FFI can also be used for grayscale analysis, and that Pyramid Dimension 

(PGM) is the Pyramid Gradient Method. Global IQM entropy and GLCM entropy show 

the degree of complexity of the texture of an image. The entropy is big when the image 

is not textural uniform and many GLCM elements have very low values. Complex 

textures tend to have great entropy. Global entropy and GLCM entropy was calculated 

[48] using IQM for Global Entropy and ImageJ for GPLM entropy. The Higuchi 2D 

method is based on calculating the fractal complexity of an image, taking into account 

pixel grayscale ratios relative to the gray values of proximal pixels [49, 50]. The kfoldDiff 

algorithm was used, with k = 50. Higuchi 2D contains values between 2-3. Grayscale 8-

bit images analyzed 2 Pyramid Dimension algorithms in average values: PGM (Pyramid 

Gradient Method) and KC (Kolmogorov Complexity) [51]. The Kolmogorov complexity 

of a fractal object represents the length of the shortest computer program in Kilobyte (KB) 

or Megabyte (MB), in a predetermined programming language that produces the fractal 

object as output. It is known as algorithmic entropy [52]. The two algorithms were tested: 

the PNG algorithm (KC_PNG (MB)) and the ZIP algorithm (KC_ZIP (MB)). 

 

RESULTS 

Analyzing the distribution of the total turnover (Fig. 1) for the Bucharest-Ilfov 

Development Region, it can be observed an upward trend of values and a dominance in 

the hierarchy of the creative cities of Bucharest. In 2000 (Fig. 1A) Bucharest had a value 

of 5.739.656.152 lei (the highest in Romania and within the region), and Bucharest-Ilfov 

Region was the first of 8 with a value of 45.019.274.481 lei. Increases are observed even 

after the economic crisis, reaching in 2016 at the value of 527.830.760.316 lei, of which 

Bucharest held 48.214.176.698 lei (9.13%). 
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Figure 1. Distribution of total turnover (lei) (A – year 2000 to Q – year 2016) 
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Figure 2. Dynamics of turnover. a. Mass Dimension; b. Sholl Dimension - number of intersections; c. 

Sholl Dimension - the mean of intersections; d. FFI binary; e. Entropy (local - red; global - green; 

GLCM - blue); f. FFI grayscale; g. Higuchi 2D; h. Pyramid Dimension (PGM - blue; KC - red) i. 

Kolmogorov complexity (PNG - blue; ZIP - red) 

The binary analyzes made on the cartographic models of the turnover distribution on the 

4 classes highlight for Mass Dimension a spread of values to value 2, which indicates a 

symmetrical, uniform turnover development. Sholl analysis indicates a dynamic space-

time turnover dynamics for creative economies. The analysis went from pixel 0 (the 

center of Bucharest) to the 1970 pixel (the maximum outside), and the circles were in the 

number 179, being drawn from 10 in 10 pixels. The average was obtained by dividing the 

number of intersections in 179 circles. The value is in the increase in class 01-04, where 

new directions of propagation appear in the analyzed period. The analyzes of the other 

indicators confirm these trends (Fig. 2). 
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Figure 3. Distribution of the total number of employees (A – year 2000 to Q – year 2016) 

 

The distribution of the total number of employees (Fig. 3) in the creative sector for the 

Bucharest-Ilfov Development Region shows a positive trend of the values. The city of 

Bucharest is the one that makes a significant contribution to the number of employees, 

with a value of 83.051 employees in the creative sector in 2000 out of a total of 904.560 

of the development region it belongs to. Increases and decreases are observed during the 
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analyzed period, reaching 2016 at the values of the employees for the Bucharest-Ilfov 

Development Region of 1.287.861, Bucharest accounting for 143.467 of them. 
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Figure 4. Dynamics of the number of employees. a. Mass Dimension; b. Sholl Dimension - number of 

intersections; c. Sholl Dimension - the mean of intersections; d. FFI binary; e. Entropy (local - red; 

global - green; GLCM - blue); f. FFI grayscale; g. Higuchi 2D; h. Pyramid Dimension (PGM - blue; 

KC - red) i. Kolmogorov complexity (PNG - blue; ZIP - red) 

It is noted that the analyzes of number of employees (Fig. 4), as in the case of turnover, 

reveal an increase in values for class 01-04, which develops the new propagation 

direction. All the indicators analyzed mentioning the evolution of the number of 

employees on different propagation directions. 

 

CONCLUSIONS 

The study highlighted the spatial dynamics of creative economies in the most complex 

territorial system in Romania, Bucharest, a city that has structured around an emerging 

space with many specifics. Creative economies tend to expand more and more outside the 

polarizing center in search of competitive advantages that offset the growing distance 

from the urban center. 

The region has grown and holds a significant share of creative employees thanks to the 

development of creative activities such as IT, architecture, editing and printing, 

advertising, gaming and gaming testing. 

Fractal and non-fractal analyzes highlight the trend of expanding territorial administrative 

units which have high values of turnover and number of employees in creative economies. 
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