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In this study, we used fractal analysis to monitor the space-time evolution of forest areas. By this method, we observed the degree of 
fragmentation/compaction and heterogeneity/homogeneity of forested, deforested and reforested areas. Changes undergone by the forest 
areas were analysed for the Northern Carpathian Mountains of Romania, the mountainous area that suffered the most extensive 
transformations in this respect, in Romania. The database used satellite images 654178 Landsat 7 ETM + for the period 2000-2014. For the  
assessment of forest areas, the database provided by the Department of Geographical Sciences, Maryland University for the 2000-2014 
period, was used. The Fractal Fragmentation Index (FFI), Fixed Grid 2D Lacunarity (ΛFG2DL) and Tug-of-War lacunarity (ΛT-o-W) were used 
to monitor the degree of fragmentation of forested areas, respectively, the degree of heterogeneity and dispersion of deforested surfaces. The  
highest average annual decrease of forested areas was recorded in 2007 and 2012 due to the growing number of legally and illegally 
exploited. The results confirm that fractal analysis can provide important information on the space-time patterns of deforestation and 
reforestation that shows a continuous reduction.  
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Introduction 
 

Monitoring the evolution of forest areas is particularly important because any intervention on this 
ecosystem can have negative consequences both at the level of the forest ecosystem, as well as at the level of the  
territorial systems based on forest exploitation. Identifying the causes underlying such changes becomes an  
obvious concern both for researchers, as well as for the policy makers who should develop effective management 
strategies adapted to territorial reality.  

Fractal analysis is one way by which we can monitor the space-time evolution of forest areas, providing 
additional information that can be integrated into the management plans concerning the organisation and 
management of forest areas. The Fractal Fragmentation Index (FFI) plays an important role in quantifying the  
evolution of the degree of fragmentation of forested areas, showing how and how much they are spatially 
fragmented by deforestation. Fixed Grid 2D Lacunarity (ΛFG2DL) and Tug-of-War lacunarity (ΛT-o-W) are 
very useful methods for quantifying the degree of spatial homogeneity or heterogeneity of forested, deforested 
and reforested areas, providing valuable information on the dispersion of deforestation. 

Human imprint is adversely evident in the landscape of forest ecosystems (Zelenakova and Jakubikova, 
2010). One of the most important such ecosystems is the forest. By means of the area, it covers, estimated by 
the  UN, 1/3 of the Earth's surface and is home to more than 50 % of the terrestrial species (UNEP). 
Furthermore, at the global level, forest areas play an important role in the circuit of chemicals in nature 
(Kolström et al. 2011). The existence of this ecosystem brings enormous benefits to human society, both in terms 
of protecting the  environment and mitigating climate changes, as well as economically and socially (Galas et al., 
2015; Zelenakova and Zvijakova, 2016). The benefits of forest areas are obvious, as they are subject to increased 
anthropogenic pressure (Mertens et al., 2000; Fearnside, 2008; Pattanayak et al., 2010; Meyfroidt et al., 2013). 

The current trend shows that climate changes influence and will influence human activity and biodiversity, 
by amplifying the negative effects (Pachauri and Reisinger, 2007; Pachauri and Meyer, 2014). It is known that, 
at the global level, the proportion of greenhouse gases has dramatically increased, exceeding previous forecasts 
and substantial increases being forecasted for the future (Solomon et al. 2009). In protecting the environment, 
the  forest plays a vital role in mitigating such effects generated by climate changes (increase of CO2 due to the  
expansion of deforested areas, increase the proportion of greenhouse gases) (Thomas et al., 2004; Foley et al., 
2005; Spittlehouse, 2005; Streck and Scholz, 2006; Betts et al., 2007; McKinley et al., 2011). Consequently, the  
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increase of the deforested areas has a strong negative impact on climate parameters, with adverse effects on 
ecosystems that depend on the existence of the forest. 

Other issues related to expansion of deforested areas are represented by the loss of biodiversity and the  
occurrence of hydrological hazards (amplification of erosion, floods, landslides) (Dymond et al., 2006; 
Bradshaw et al., 2007; Whitehead, 2011; Zanini et al., 2014; Rudel et al., 2016; Blistanova et al., 2016; 
Benchimol et al., 2017; Borrelli et al., 2017). Thus, it becomes obvious that reducing the deforested areas is an 
effective way of maintaining a satisfactory genetic diversity and a way to reduce the frequency and scale of 
hydrological risks. 

Exploitation of forest areas causes an overburdening of forest ecosystems for the purpose of obtaining 
farmland (Sasaki, 2006; Porter-Bolland et al., 2012; Lopez-Angarita et al., 2016; Onyekuru and Marchant, 
2016). Therefore, the use of lands and the changes to which the forest fund is subject to, are major concerns for 
policy makers at European and global level (van Vilet et al., 2012). In this regard, monitoring the evolution of 
the forest areas becomes particularly important, several methods are being used: analysis of satellite imagery 
(Remote sensing data analysis) (Malhi et al., 2002; Hansen et al., 2013; Beaudoin et al., 2016; Borrelli et al., 
2017) and fractal analysis (Andronache et al., 2016; Blistan, 2016; Pintilii et al., 2016). 

In Europe, the transformation of the natural environment by the expansion of the deforested areas is due to 
the demand for wood for construction and fuel (Kaplan et al., 2009; Stângă and Niacșu, 2016). The total area of 
forests in Romania is of 27.5 % (below the EU average of 41 %), the mountainous area being the one to hold the  
largest areas (59.7 %) (Report on the State of Romania's Forests, 2015). 

By using fractal analysis, in this study, we followed the spatial-temporal evolution of forest areas in the  
mountainous area of Romania, particularly, the Northern Carpathian Mountains. Fractal dimension is very useful 
in estimating the irregularity or roughness of the fractal and natural objects that do not comply with the  classical 
geometry, measuring how much space is occupied. Lacunarity completes the fractal dimension with its capacity 
to quantify the way in which space is occupied. Furthermore, lacunarity also discriminates the spatial distribution 
of gaps in texture, at multiple scales, and is not sensitive to image boundaries. In general, a greater dispersion of 
gap sizes in the texture of the captured image generates a greater value of lacunarity and vice versa (Reiss et al. 
2016). There are several forms of determining lacunarity, such as fixed-grid algorithm (Karperien 2017), the 
gliding-box algorithm (Allain and Cloitre 1991), mass-related distribution algorithm, (Sengupta and Vinoy 
2006), the Tug-of-War algorithm (Reiss et al. 2016). FFI (Reiss et al. 2016) complements the information 
obtained by lacunarity, determining the degree of compaction/fragmentation of the fractal objects analysed.  

 
2.  Materials and Methods 

 
2.1. Study area  
The area studied is located in the northern part of Romania, being a subunit of the Northern Carpathian 

Mountains (Fig. 1).  

 

 
 

Fig. 1.  Geographical position of Romanian Northern Carpathian Mountains. 
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This mountain subunit is totally or partially overlapped by two of the most affected counties in Romania, in 
terms of the deforested areas: Maramureș and Suceava (Pintilii et al., 2016; Drăghici et al., 2016; Pintilii et al., 
2017). In the present study, by using fractal analysis, we have followed the space-time evolution of forest areas, 
during the period 2000-2014. 

The deforestation is predominant in areas with flysch rocks and not a very high declivity due to the high 
costs of the exploitation, in Oaș-Gutâi Mountains. 

In various sectors of the Eastern Carpathians some characteristics of vegetation - a variety of vertical 
zonality related to differences in climate, geological structure (in particular lithological) and relief massifs - 
could be observed (Fig. 2). 

The crystalline massifs of Maramureș and Bistrița Mountains, siliceous rocks on the surface, spruce is 
predominant, so it meets very good conditions for growth. Only in open limestone rocks massifs, with dominant 
spruce, this appears with beech. Flysch massifs the Spruce is abundant in siliceous rocks, and in Rarău 
Mountains, made up by the conglomerate, containing limestone, the beech is in a significant proportion 
(Romania's geographical Monograph, 1960). 

In Oaș and Gutâi volcanic mountains, beech forests are spread with conifers, and mountain meadows and 
the compact spruces cover the tops of these mountains. 

The rocky meadows present a great development and variety of limestone rocks in alpine and mountain 
areas and on calcareous rocks, are various common species of Festuca. 

In communities with siliceous debris from alpine areas are specific plants such as: Geum reptans, 
Doronicum carpaticum and on calcarous debris, plants grow, as Papaver pyrenaicum, Saxifraga moschata, 
Linaria alpine (Geography of Romania, 1983). 

The swamps (oligotrofe marshes) are scattered on siliceous rocks (crystalline schists, eruptive, sandstones, 
silts). The coppices develop on meadows on alluvial deposits (gravels, sands, clays). The riparian forests are 
made up of poplar (Populus), willow (Salix), alder (Alnus) and are also located in boreal and hardwood forests, 
being an intra-zone vegetation. The coppices from mountains are made of white alder (Alnus incana) and in a  
small proportion the spruce (Picea) and fir (Abies). 

 

 
Fig. 2.  Geological map of Romanian Northern Carpathian Mountains.  
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2.2   Image preprocessing 
To assess the forested, deforested and reforested areas, the global database provided by the Department of 

Geographical Sciences, Maryland University, was used. The database shows the evolution of the forest areas at 
the global level, in the period 2000-2014, being the result of the analysis of 654178 Landsat 7 ETM + (Hansen et 
al. 2013). By using ArcGIS, the forested, deforested and reforested areas were extracted in TIFF format. The  
resolution 3020x1590 pixels was chosen (214.92x112,182 km). In order to be fractally analysed, TIFF images 
were manually binarised using ImageJ 1.51i (Ruifrok and Johnston 2001). Based on the binarised TIFF images, 
forested, deforested and reforested areas were determined using the following macro in ImageJ:  

  // this macro measures the area and the percentage of the foreground (forest) pixels in 8-bit binary image 
from Northern Group of the Eastern Carpathians 

dir = getDirectory("path"); 
list = getFileList(dir); 
for (i=0; i<list.length; i++) 
{ 
   if (endsWith(list[i], ".tif"))  
   { 
        open(dir + list[i]); 
        run("8-bit"); 
setAutoThreshold("Default"); 
   // change scale from inches to km (for scale 1:550.000) 
   run("Set Scale...", "distance=14.0933 known=1 pixel=1 unit=km"); 
   // measure area and area fraction 
   run("Set Measurements...", "area area_fraction limit display redirect=None decimal=3"); 
   run("Measure"); 
   selectWindow("Results");   
        close(); 
    } 
} 

 
2.3 Fractal Analysing 
According to the same binary TIFF images, also the evolution of the degree of fragmentation/compaction 

and heterogeneity/homogeneity of forested, deforested and reforested areas in Romania was determined for the  
period 2000-2014, by using: Fractal Fragmentation Index (https://sourceforge.net/projects/iqm-plugin-ffi/ ), 
Fixed Grid 2D Lacunarity and Tug-of-War Lacunarity (which is a fast and efficient method for the processing of 
high-resolution images). IQM 3.2 software was used (Kainz et al. 2015). 

Fractal Fragmentation Index quantifies in a single value the information obtained from fractal analysis on 
mass-concentration, but also of the tortuosity of the perimeters, thus describing the fractal fragmentation, and 
can, therefore, be also interpreted as compaction index (Reiss et al. 2016). It was determined by using FFI plugin 
(Ahammer and Andronache 2017). 

 
��� = ����� − ����
                (1) 

 
where FFI is the fractal fragmentation index, D��
A is the fractal dimension of the summed up areas and 

 D��
P is the fractal dimension of the summed up perimeters. 
According to Reiss et al. 2016 FFI = 0, when D��
A = D��
P, meaning that the forested areas are 

represented only in very small, point-like areas. The closer FFI is to 0, the more fragmented, more dispersed, 
smaller and fewer or tentacular and sprawling patterned the forested areas are. The closer FFI is to 1, the larger 
and more compact the forested areas are, being disposed in clusters.  

FFI = 1 is recorded only when the afforested areas are geometrically perfect and 100 % compact, without 
any discontinuity (����
 = 1 and ����� = 2). 

D��
A  and D��
P were obtained by using the Box-Counting algorithm (Reiss et al. 2016).  
Fixed Grid 2D Lacunarity (������) was used to calculate the degree of heterogeneity by the variation of 

deforested areas distribution and it is determined using the following equation: 
 

�������� = ���������²                                 (2) 
 
where ������� is the coefficient of variation (Karperien 1999-2013). The higher the Λ� !"# value, the more 
heterogeneous and chaotically done the deforestation is, and vice-versa. 



Tug-of-War lacunarity and for additional information on the degree of fragmentation/compaction of poor 
regions, the Fractal Fragmentation Index (FFI) was used. Tug
using plugin frac2D (Reiss 2016). 

 
 (Λ$�%�&) algorithm which allows for the estimation of lacunarity in one single pass over the image, by 

using only a small and constant quantity of memory and, at the same time offers values very close to gliding
(Reiss et al. 2016). 

 
 (Λ$�%�&) is calculated according to the equation:
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Z2 = the second moment for each width as the median of s2 values, eac

of the counter values.   
 
s1 and s2  are two predefined parameters indicating the accuracy and reliability
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3.1 Forested, deforested and reforested
Evolution of forested area in the Eastern Carpathians show a general downward trend as a result of the

increasingly more pronounced logging, both legal and illegal, decrease influenced by the economic changes 
undertaken during this period and the legislative changes that have encouraged deforestation (Fig. 2).

  

Fig. 2.  Evolution of the forested area i

 
Forest areas have continuously decreased, year after year, but not in a constant rhythm, reaching in 2014, 

643,932.6 ha. (Fig. 3). In 2007 and 2012, the largest average annual decre
recorded in 2001 and 2003, just as in the case of the deforestation in Maramure

 
In total, 46,995.5 hectares were deforested, the forest area being reduced during 2000

During this time interval, only 20,131.3 ha were reforested, a very large deficit of 57.2
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regions, the Fractal Fragmentation Index (FFI) was used. Tug-of-War lacunarity (Λ$�%�

algorithm which allows for the estimation of lacunarity in one single pass over the image, by 
using only a small and constant quantity of memory and, at the same time offers values very close to gliding

is calculated according to the equation: 
 

8�9�:�
��                                  

Z2 = the second moment for each width as the median of s2 values, each of which is the mean of s1 squares 

s1 and s2  are two predefined parameters indicating the accuracy and reliability 

, where p(r, i) is the number of occupied sides in the i-th box. 

 
3.  Results 

 
reforested areas 

Evolution of forested area in the Eastern Carpathians show a general downward trend as a result of the
increasingly more pronounced logging, both legal and illegal, decrease influenced by the economic changes 
undertaken during this period and the legislative changes that have encouraged deforestation (Fig. 2).

Evolution of the forested area in the Northern Carpathian Mountains of Romania, in the period 2000

Forest areas have continuously decreased, year after year, but not in a constant rhythm, reaching in 2014, 
643,932.6 ha. (Fig. 3). In 2007 and 2012, the largest average annual decreases were recorded, the lowest being 
recorded in 2001 and 2003, just as in the case of the deforestation in Maramureș (Pintilii et al.

In total, 46,995.5 hectares were deforested, the forest area being reduced during 2000
this time interval, only 20,131.3 ha were reforested, a very large deficit of 57.2 % being created.
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War lacunarity and for additional information on the degree of fragmentation/compaction of poor 
�&) was determined by 

algorithm which allows for the estimation of lacunarity in one single pass over the image, by 
using only a small and constant quantity of memory and, at the same time offers values very close to gliding-box 

                       (3) 

h of which is the mean of s1 squares 

Evolution of forested area in the Eastern Carpathians show a general downward trend as a result of the  
increasingly more pronounced logging, both legal and illegal, decrease influenced by the economic changes 
undertaken during this period and the legislative changes that have encouraged deforestation (Fig. 2). 

 
n the Northern Carpathian Mountains of Romania, in the period 2000-2014. 

Forest areas have continuously decreased, year after year, but not in a constant rhythm, reaching in 2014, 
ases were recorded, the lowest being 

 (Pintilii et al., 2017).   

In total, 46,995.5 hectares were deforested, the forest area being reduced during 2000-2014 by 6.75 %. 
% being created. 
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If y 2004 deforestation was dispersed in small patches by 2004, a clustering process is manifested (Fig. 4) 
by the creation of clusters in Maramure
more pronounced declustering of the forested areas.

 

Fig. 3.  Average Annual Growth Rate of forested areas in the  Northern Carpathian Mountains of Romania, during the period 2000

Fig. 4.  Evolution of deforested areas in Northern Carpathian Mountains of Romania
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orthern Carpathian Mountains of Romania 

 
ation was dispersed in small patches by 2004, a clustering process is manifested (Fig. 4) 

by the creation of clusters in Maramureș and Rodna Mountains since 2005. This coincides with an increasingly 
more pronounced declustering of the forested areas. 

Average Annual Growth Rate of forested areas in the  Northern Carpathian Mountains of Romania, during the period 2000

Evolution of deforested areas in Northern Carpathian Mountains of Romania

Daniel Pintilii, Ana-Maria Ciobotaru, 
Răzvan Mihail Papuc: 

ation was dispersed in small patches by 2004, a clustering process is manifested (Fig. 4) 
 and Rodna Mountains since 2005. This coincides with an increasingly 

 
Average Annual Growth Rate of forested areas in the  Northern Carpathian Mountains of Romania, during the period 2000-2014. 

 
Evolution of deforested areas in Northern Carpathian Mountains of Romania. 



3.2 Fractal Fragmentation Index (FFI)
Low FFI values, below 0.15, indicate that 

fragmentation of the forest area (Fig. 5). As the deforestation ex
the afforested areas of the Northern Carpathian Mountains of Romania 
(2000) to 0.11 (2014) indicating a continuous growth of the fragmentation of the afforested areas, particularly in 
Rodna, Maramureș and Obcina Mestec
decrease of FFI was recorded in 2007 (0.007) against the esc
decrease of FFI occurred in 2013-2014 (0.001) when small forest areas were deforested (1739 ha, respectively, 
1871.4 ha). 

Deforestation carried out dominantly fragmented makes FFI to be encompassed between 0.00
More compact deforestation (>0.005) occurred in 2002, 2005 and 2007, while fragmented deforestation (<0.002) 
were recorded in 2001 and 2003. 

As regards the summation of deforested areas, since 2005, a trend of increasing the compaction by 
clustering of deforestation (Fig. 5) from 0.005 to 0.015, can be observed.

FFI of the reforested area for the period 2001
the deforested area, indicating that the regeneration was carried out much le

 

Fig. 5.

 
3.3 Evolution of the Fixed Grid 2D Lacunarity (
The use of ;<=!>? allowed us to quantify the degree of heterogeneity of forest areas, highlighting how 

homogeneous or heterogeneous deforestation was carried out. Against deforestation, the lacunarity of the forest 
area increased,  ;<=!>? by 0.01 from 0.14 in 2000 to 0.15 in 2014 (Fig. 6). 

In terms of the deforested area, the most heterogeneous deforestation was carried out when they were 
fragmented, that is, in 2001 and 2003 (
when they were larger and more compact (
 

Fig. 6. 
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3.2 Fractal Fragmentation Index (FFI) 
Low FFI values, below 0.15, indicate that Northern Carpathian Mountains of Romania

fragmentation of the forest area (Fig. 5). As the deforestation extended during the period under review, FFI of 
Northern Carpathian Mountains of Romania (Fig. 5) decreased by 0.04, from 0.15 

ndicating a continuous growth of the fragmentation of the afforested areas, particularly in 
 and Obcina Mestecăniş Mountains, where there is a process of declustering. The largest 

decrease of FFI was recorded in 2007 (0.007) against the escalating deforestation carried out. The lowest 
2014 (0.001) when small forest areas were deforested (1739 ha, respectively, 

Deforestation carried out dominantly fragmented makes FFI to be encompassed between 0.00
More compact deforestation (>0.005) occurred in 2002, 2005 and 2007, while fragmented deforestation (<0.002) 

As regards the summation of deforested areas, since 2005, a trend of increasing the compaction by 
tering of deforestation (Fig. 5) from 0.005 to 0.015, can be observed. 

area for the period 2001-2014 was very low, of 0.004, being by 0.1 lower than that of 
the deforested area, indicating that the regeneration was carried out much less compact than deforestation.

Fig. 5.  Evolution of the Fractal Fragmentation Index (FFI). 

3.3 Evolution of the Fixed Grid 2D Lacunarity (������) 
allowed us to quantify the degree of heterogeneity of forest areas, highlighting how 

homogeneous or heterogeneous deforestation was carried out. Against deforestation, the lacunarity of the forest 
by 0.01 from 0.14 in 2000 to 0.15 in 2014 (Fig. 6).  

In terms of the deforested area, the most heterogeneous deforestation was carried out when they were 
fragmented, that is, in 2001 and 2003 (;<=!>? @ 1), while the most homogeneous deforestation was p
when they were larger and more compact (;<=!>? A 0.85 ), in 2002, 2007, 2010 and 2012.

Fig. 6.  Evolution of the Fixed Grid 2D Lacunarity (;<=!>?�. 
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Northern Carpathian Mountains of Romania have a great 
ended during the period under review, FFI of 

5) decreased by 0.04, from 0.15 
ndicating a continuous growth of the fragmentation of the afforested areas, particularly in 

 Mountains, where there is a process of declustering. The largest 
alating deforestation carried out. The lowest 

2014 (0.001) when small forest areas were deforested (1739 ha, respectively, 

Deforestation carried out dominantly fragmented makes FFI to be encompassed between 0.001 and 0.007. 
More compact deforestation (>0.005) occurred in 2002, 2005 and 2007, while fragmented deforestation (<0.002) 

As regards the summation of deforested areas, since 2005, a trend of increasing the compaction by 

2014 was very low, of 0.004, being by 0.1 lower than that of 
ss compact than deforestation. 

 

allowed us to quantify the degree of heterogeneity of forest areas, highlighting how 
homogeneous or heterogeneous deforestation was carried out. Against deforestation, the lacunarity of the forest 

In terms of the deforested area, the most heterogeneous deforestation was carried out when they were 
), while the most homogeneous deforestation was performed 

), in 2002, 2007, 2010 and 2012. 
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Regarding the summation of the deforested areas, there is a noticeable downward trend 
the clustering of deforestation (Fig. 5) from 1.12 to 0.49.

������of the reforested surface for the period 2001
(0.49), which indicates that the regeneration was made much m

3.4 Tug of War Lacunarity ��
The use of ;F�G�H allowed us to quantify, by another algorithm, the degree of heterogeneity of forest 

areas. In terms of the forested areas, 
forested areas. Thus, in the years of more homogeneous, compact and intense deforestation (2007, 2010), 
;F�G�H emphasised the declustering process, and in the years of more heterogeneous, fragmented deforestation 
(2004, 2013, 2014), it had limited effects on the declustering of forested areas.

In terms of the ;F�G�H analysis of deforested areas, there was a st
Lacunarity of forest area increased against deforestation, 

(Fig. 6).  
As regards the deforested areas, the most heterogeneous deforestation was carried out 

fragmented, that is in 2001 and 2003 (
when they were greater and more compact (

 In terms of the summation of the defores
the clustering of deforestation (Fig. 5) from 1.12 to 0.49.

;F�G�H of the reforested area for the period 2001
the deforested area (0.51), which confirms that the regeneration was done much more heterogeneously than 
the deforestation. 

 

  
The evolution of forested areas in the Northern Group of the Eastern 

reduction, year by year, but inconsistent as rhythmicity. In 2007 and 2012, the highest average annual decrease 
of forested areas was recorded, against the growing number of legally and illegally exploited forest areas. Such 
decrease is mainly due to policies regarding the exploitation of the forest fund reflected in legislative changes in 
the field (Report on the State of Romania's Forests
(Pintilii et al., 2015; Andronache et al.

In the case studym, we have used fractal analysis to study the space
following the degree of heterogeneity and the dispersion of the deforested areas by
(Pintilii et. al, 2017) and ;F�G�H	(Reiss et al.
forested areas affected by deforestation, by 
(Russel et al., 1980; Sun and Southworth

��� index used to determine the fragmentation/compaction of forests at county level (Andronache et al.
2016), or at TAUs level (Pintilii et al.
a period of 15 years, in order to determine the degree of clustering of areas under forests.

Compared to previous studies that have used  
2016), or ;<=!>? 	(Pintilii et al., 2017) analyses, in this study, we addressed a different method for determining 

Ion Andronache, Helmut Ahammer, Daniel Peptenatu, Radu-Daniel Pintilii
lin Dobrea, Daniel Constantin Diaconu, Mircea-Cristian Vișan and Ră
orthern Carpathian Mountains of Romania 

Regarding the summation of the deforested areas, there is a noticeable downward trend 
the clustering of deforestation (Fig. 5) from 1.12 to 0.49. 
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allowed us to quantify, by another algorithm, the degree of heterogeneity of forest 
areas. In terms of the forested areas, ;F�G�H has captured the local effects of deforestation on the compaction of 
forested areas. Thus, in the years of more homogeneous, compact and intense deforestation (2007, 2010), 
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4.  Discussion 

The evolution of forested areas in the Northern Group of the Eastern Carpathians shows a continuous 
reduction, year by year, but inconsistent as rhythmicity. In 2007 and 2012, the highest average annual decrease 
of forested areas was recorded, against the growing number of legally and illegally exploited forest areas. Such 
decrease is mainly due to policies regarding the exploitation of the forest fund reflected in legislative changes in 
the field (Report on the State of Romania's Forests, 2015) but also the economic changes of the past 15 years 
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the lacunarity: ;F�G�H . Our study showed that both ;IJKLMNOP�Q1KGR and ;<=!>? can be valuable 
complementary tools in quantifying the degree of spatial homogeneity or heterogeneity or the forested, 
deforested and reforested areas, providing new quantitative information on their dispersion. 

Through our research, we have shown that: 
• Forested areas have decreased in size, but inconsistently, as the Average Annual Growth Rate. 
• The existence of a clustering trend of deforestation (by increased compaction and homogenization), against 

their expansion, especially after 2005. 
• Regeneration was carried out much more heterogeneously and fragmented than deforestation ;<=!>?, and 

;F�G�H of the reforested area was higher than of the deforested area. 
 

;F�G�H captured the local effects of deforestation on the compaction of forested areas. In this respect, we 
have shown that in the years of more homogeneous, compact and intense deforestation,  ;F�G�H indicated that 
deforestation had emphasised the declustering of forested areas. In the years with a more heterogeneous, 
fragmented deforestation, ;F�G�H indicated that deforestation had limited effects on the declustering of forested 
areas.  

 
5.  Conclusion 

 
Monitoring the evolution of forest areas is particularly important since any intervention on this ecosystem 

can have negative consequences, both at the level of the forest ecosystem, as well as at the level of territorial 
systems based on forest exploitation. Identifying the causes underlying such transformations becomes an obvious 
concern both for researchers, as well as for the policy makers who should develop effective management 
strategies adapted to territorial reality. 

Fractal analysis is one of the ways by which we can follow the space-time evolution of forest areas, 
providing additional information that can be integrated into the management plans concerning the organisation 
and the management of forested areas. FFI plays an important role in quantifying the evolution of the degree of 
fragmentation of forested areas, indicating how and how much it is spatially fragmented by deforestation. ;<=!>? 
and ;F�G�H are very useful methods for quantifying the degree of spatial homogeneity or heterogeneity of 
forested, deforested and reforested areas, providing valuable information on the dispersion of deforestation. 

Our research confirms the hypothesis that the fractal analysis of Landsat imagery in 30 m resolutions 
provides valuable quantitative information on the space-time patterns of deforestation and regeneration. Thus, 
through fractal analysis, we obtained complementary information on deforestation and regeneration, compared to 
the classic detection analyses based on changes in image classification, as fractal analysis is able to analyse 
irregular spatial structures.  

 
 
Acknowledgments: This work was supported by a grant 
of the Romanian National Authority for Scientific 
Research and Innovation, CNCS-UEFISCDI, project 
number PN-II-RU-TE-2014-4-0835 and project UB 
number 1365 “Spatial projection of economic pressure on 
forest ecosystems”. 
 

 
References 

 
Ahammer, H., Andronache I.C.: IQM Plugin FFI. 2016. Available online: https://sourceforge.net/projects/iqm-

plugin-ffi/  [accessed on 06 January 2017]. 
Allain, C., Cloitre M.: Characterizing the lacunarity of random and deterministic fractal sets, Phys. Rev. A 44(6), 

3552, 1991. 
Andronache, I.C., Ahammer, H., Jelinek, H.F., Peptenatu, D., Ciobotaru, A.M., Draghici, C.C., Pintilii, R.D., 

Simion, A.G., Teodorescu, C.: Fractal analysis for studying the evolution of forests, Chaos Solitons & 
Fractals, 91, 310-318, 2016. 

Beaudoin, G., Rafanoharana, S., Boissiere, M., Wijaya, A., Wardhana, W.: Completing the Picture: Importance 
of Considering Participatory Mapping for REDD plus Measurement, Reporting and Verification (MRV), 
Plos One, 11, 12, 2016.  

Benchimol, M., Talora, D.C., Mariano-Neto, E., Oliveira, T.L.S., Leal, A., Mielke, M.S. Faria, D.: Losing our 
palms: The influence of landscape-scale deforestation on Arecaceae diversity in the Atlantic forest, Forest 
Ecology and Management, 384, 314-322, 2017. 



Cristian Constantin Drăghici, Ion Andronache, Helmut Ahammer, Daniel Peptenatu, Radu-Daniel Pintilii, Ana-Maria Ciobotaru, 
Adrian Gabriel Simion, Răzvan Cătălin Dobrea, Daniel Constantin Diaconu, Mircea-Cristian Vișan and Răzvan Mihail Papuc: 
Spatial evolution of forest areas in the northern Carpathian Mountains of Romania 

104 

Betts, R.A., Falloon, P.D., Goldewijk, K.K., Ramankutty, N.: Biogeophysical effects of land use on climate: 
Model simulations of radiative forcing and large-scale temperature change, Agricultural and Forest 
Meteorology, 142 (2-4), 216-233, 2007. 

Blistanova, M., Zeleňáková, M., Blistan, P., Ferencz, V.: Assessment of flood vulnerability in Bodva river basin, 
Slovakia, Acta Montanistica Slovaca, 21(1), 19-28, 2016. 

Blistan, P., Kovanic, L., Zeliznakova, V., Palkova, J.: Using UAV photogrammetry to document rock outcrops, 
Acta Montanistica Slovaca, 21(2), 154-161, 2016. 

Borrelli, P., Panagos, P., Märker, M., Modugno, S., Schütt, B.: Assessment of the impacts of clear-cutting on soil 
loss by water erosion in Italian forests: First comprehensive monitoring and modelling approach, Catena, 
149 (3), 770-781, 2017. 

Bradshaw C.J.A., Sodhi, NS, Peh, K.S.H., Brook, B.W.: Global evidence that deforestation amplifies flood risk 
and severity in the developing world, Global Change Biology 13, 2379–2395, 2007.  

Ciobotaru, A.M., Peptenatu, D., Andronache, I., Simion, A.G.: Fractal characteristics of the afforested, 
deforested and reforested areas in Suceava county, Romania, International Scientific Conferences on Earth 
& Geo Sciences - Sgem Vienna Green Sessions 2016, Viena, Austria, 2-5 November 2016, Stef92 
Technology Ltd: Sofia, Bulgaria, 2016, 445-452, 2016. 

Drăghici, C. C., Peptenatu, D., Simion, A.G., Pintilii, R.D., Diaconu, D.C., Teodorescu, C., Papuc, R.M., 
Grigore, A.M., Dobrea, C.R.: Assessing Economic Pressure on the Forest Fund of Maramureș County – 
Romania, Journal of Forest Science, 62 (1), 175-185, 2016. 

Dymond, J.R., Ausseil, A.G., Shepherd, J.D., Buettner, L.: Validation of a region-wide model of landslide 
susceptibility in the Manawatu-Wanganui region of New Zealand. Geomorphology, 74, 70–79, 2006. 

Fearnside, P.M.: The Roles and Movements of Actors in the Deforestation of Brazilian Amazonia, Ecology and 
Society, 13 (1), 23, 2008. 

Foley, J.A., De Fries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S., Coe, M.T., Daily, 
G.C., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A., Kucharik, C.J., Monfreda, C., Patz, J.A., 
Prentice, I.C., Ramankutty, N., Snyder, P.K.: Global Consequences of Land Use, Science, 309 (5734) 570-
574, 2005. 

Galas, S., Galas, A., Zelenakova, M., Zvijakova, L., Fialova, J., Kubickova, H.: Environmental Impact 
Assessment in the Visegrad Group countries, Environmental Impact Assessment Review, 55, 11-20, 2015. 

Hansen, M.C., Potapov, P.V., Moore, R., Hancher, M., Turubanova, S.A., Tyukavina, A., Thau, D., Stehman, 
S.V., Goetz, S.J., Loveland, T.R., Kommareddy, A., Egorov, A., Chini, L., Justice, C.O., Townshend, 
J.R.G.: High-Resolution Global Maps of 21st-Century Forest Cover Change. Science, 342 (6160) 850–853, 
2013.  

http://www.mmediu.ro/app/webroot/uploads/files/2016-12-16_Raport_Starea_padurilor_2015.pdf  - in romanian 
[accessed 01 February 2017]. 2015 

Kainz, P., Mayrhofer-Reinhartshuber, M., Ahammer, H.: IQM: An Extensible and Portable Open Source 
Application for Image and Signal Analysis in Java. Plos One, 10 (1), 2015. 

Kaplan, J.O., Krumhardt, K.M., Zimmermann, N.: The prehistoric and preindustrial deforestation of Europe, 
Quaternary science reviews, 28 (27-28), 3016-3034, 2009.  

Karperien, A.: FracLac for ImageJ. Available online:  
 http://rsb.info.nih.gov/ij/plugins/FracLac/FLHelp/Introduction.htm  , [accessed 02 February 2017]. 
Kolström, M., Lindner, M., Vilén, T., Maroschek, M., Seidl, R., Lexer, M.J., Netherer, S., Kremer, A., Delzon, 

S., Barbati, A., Marchetti, M., Corona, P.: Reviewing the Science and Implementation of Climate Change 
Adaptation Measures in European Forestry. Forests, 2, 961-982, 2011. 

Lopez-Angarita, J., Roberts, C.M., Tilley, A., Hawkins, J.P., Cooke, R.G.: Mangroves and people: Lessons from 
a history of use and abuse in four Latin American countries, Forest Ecology and Management, 368,151-
162, 2016. 

Malhi, Y., Phillips, O.L., Lloyd, J.., Baker, T., Wright, J., Almeida, S.., Arroyo, L., Frederiksen, T., Grace, J.,  
Higuchi, N., Killeen, T., Laurance, W.F., Leano, C., Lewis, S., Meir, P., Monteagudo, A., Neill, D., Vargas, 
P.N., Panfil, S.N., Patino, S., Pitman, N., Quesada, C.A., Rudas-Ll, A., Salomao, R.,  Saleska, S., Silva, N., 
Silveira, M., Sombroek, W.G., Valencia, R., Martinez, R.V., Vieira, I.C.G., Vinceti, B.: An international 
network to monitor the structure, composition and dynamics of Amazonian forests (RAINFOR), J Veg Sci, 
3 (3) 439-450, 2002. 

McKinley, D.C., Ryan, M.G., Birdsey, R.A., Giardina, C.P., Harmon, M.E., Heath, L.S., Houghton, R.A., 
Jackson, R.B., Morrison, J.F., Murray, B.C., Pataki, D.E., Skog, K.E.: A synthesis of current knowledge on 
forests and carbon storage in the United States, Ecological Applications, 21 (6)1902-1924 , 2011.  

Mertens, B., Sunderlin, W.D., Ndoye, O., Lambin, E.F.: Impact of macroeconomic change on deforestation in 
South Cameroon: Integration of household survey and remotely-sensed data, World Development, 28 (6) 
983-999, 2000. 



 
Acta  Montanistica  Slovaca     Volume 22 (2017),   number 2, 95-106 

             105 

Meyfroidt, P., Lambin, E.F., Erb, K.H., Hertel, Th.W.: Globalization of land use: distant drivers of land change 
and geographic displacement of land use, Current Opinion in Environmental Sustainability, 5 (5) 438-444, 
2013. 

Onyekuru, N.A., Marchant, R.: Assessing the economic impact of climate change on forest resource use in 
Nigeria: A Ricardian approach, Agricultural and Forest Meteorology, 220, 10-20, 2016. 

Pachauri, R.K., Meyer L.A.: Climate Change 2014: Synthesis Report, Report of the Intergovernmental Panel on 
Climate Change, IPCC, Geneva, Switzerland, 2014. 

Pachauri, R.K., Reisinger, A.: Climate Change 2007: Synthesis Report, Report of the Intergovernmental Panel 
on Climate Change, IPCC, Geneva, Switzerland, 2007. 

Pattanayak, S.K., Wunder, S., Ferraro, P.J.: Show Me the Money: Do Payments Supply Environmental Services 
in Developing Countries?, Rev Environ Econ Policy, 4 (2), 254-274, 2010. 

Pintilii, R.D., Andronache, I., Diaconu, D.C., Dobrea, R.C., Zeleňáková, M., Fensholt, R., Peptenatu, D., 
Drăghici, C.C., Ciobotaru, A.M.: Using Fractal Analysis in Modeling the Dynamics of Forest Areas and 
Economic Impact Assessment: Maramureș County, Romania, as a Case Study. Forests, 8, 25, 2017. 

Pintilii, R.D., Andronache, I.C, Simion, A.G., Draghici, C.C., Peptenatu, D., Ciobotaru, A.M., Dobrea, R.C., 
Papuc, R.M.: Determining forest fund evolution by fractal analysis (Suceava-Romania), Urbanism 
Architecture Constructions, 7 (1), 31-42, 2010. 

Pintilii, R.D., Papuc, R.M., Draghici, C.C., Simion, A.G., Ciobotaru, A.M.: The impact of deforestation on 
the structural dynamics of economic profile in the most affected territorial systems in Romania, SGEM 
Water Resources, Forest, Marine And Ocean Ecosystems, SGEM 2015, II, 567-573, 2015. 

Porter-Bolland, L., Ellis, E.A., Guariguata, M.R., Ruiz-Mallen, I., Negrete-Yankelevich, S., Reyes-Garcia, V., 
Community managed forests and forest protected areas: An assessment of their conservation effectiveness 
across the tropics, Forest Ecology and Management, 268, 6-17, 2012. 

Reiss, M.: IQM Plugin frac2D.2016. Available online: https://sourceforge.net/projects/iqm-plugin-frac2d/  
[accessed on 06 January 2017]. 

Reiss, M.A., Lemmerer B., Hanslmeier, A., Ahammer H.: Tug-of-war lacunarity—A novel approach for 
estimating lacunarity, Chaos, 26, 113102, 2016. 

Rudel, T.K., Sloan, S., Chazdon, R., Grau, R.: The drivers of tree cover expansion: Global, temperate, and 
tropical zone analyses, Land Use Policy, 58, 502-513, 2016. 

Ruifrok, A.C., Johnston, D.A.: Quantification of histochemical staining by color deconvolution, Analytical and 
Quantitative Cytology and Histology, 23, 4, 291–299, 2001. 

Russel, D., Hanson, J., Ott, E.: The dimension of strange attractors, Bulletin of the American Physical Society, 
25, 8, 989-989, 2016. 

Sasaki, N.: Carbon emissions due to land-use change and logging in Cambodia: a modeling approach, Journal of 
Forest Research, 11(6), 397-403, 2006. 

Sengupta, K., Vinoy, K.J.: A new measure of lacunarity for generalized fractals and its impact in the  
electromagnetic behavior of Koch dipole antennas. Fractals, 14(4), 271-282, 2006. 

Solomon, S, Plattner, G.K., Knutti, R., Friedlingstein P.: Irreversible climate change due to carbon dioxide 
emissions, PNAS, 106 (6), 1704-1709, 2008.  

Spittlehouse, D.L.: Integrating climate change adaptation into forest management, The Forestry Chronicle, 81, 
691-695, 2005. 

Stanga, I.C., Niacsu, L.: Using old maps and soil properties to reconstruct the forest spatial pattern in the late 
18th Century, Environmental Engineering And Management Journal, 15 (6), 1369-1378, 2016. 

Streck, C., Scholz, S.M.: The role of forests in global climate change: Whence we come and where we go, Int. 
Aff., 82, 861–879, 2006. 

Sun, J., Southworth, J.: Remote sensing-based fractal analysis and scale dependence associated with forest 
fragmentation in an Amazon Tri-National Frontier. Remote Sensing, 5, 454–472, 2013. 

Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, M., Beaumont, L.J., Collingham, Y.C.,  Erasmus, B.F.N., 
de Siqueira, M.F., Grainger, A., Hannah, L., Hughes, L., Huntley, B., van Jaarsveld, A.S., Midgley, G.F., 
Miles, L., Ortega-Huerta, M.A.., Peterson, A.T., Phillips, O.L., Williams, S.E.: Extinction risk from climate 
change, Nature, 427(6970), 145-148, 2004. 

UNEP, http://www.unep.org/forests/AboutForests/tabid/29845/Default.aspx  [accessed 31 January 2017].  
van Vliet, N., Mertz, O., Heinimann, A., Langanke, T., Pascual, U., Schmook, B., Adams, C., Schmidt-Vogt, D., 

Messerli, P., Leisz, S,. Castella, J.C., Jřrgensen, L., Birch-Thomsen, T., Hett, C., Bech-Bruun, T., Ickowitz, 
A., Vu, C.K, Yasuyuki, K., Fox, J., Padoch, C., Dressler, W., Ziegler, A.D.: Trends, drivers and impacts of 
changes in swidden cultivation in tropical forest-agriculture frontiers: A global assessment, Global 
Environmental Change 22, 418–429, 2012.  

Whitehead, D.: Forests as carbon sinks—benefits and consequences. Tree Physiol, 31(9), 893-902, 2011. 



Cristian Constantin Drăghici, Ion Andronache, Helmut Ahammer, Daniel Peptenatu, Radu-Daniel Pintilii, Ana-Maria Ciobotaru, 
Adrian Gabriel Simion, Răzvan Cătălin Dobrea, Daniel Constantin Diaconu, Mircea-Cristian Vișan and Răzvan Mihail Papuc: 
Spatial evolution of forest areas in the northern Carpathian Mountains of Romania 

106 

Zanini, K. J., Bergamin, R. S., Machado, R. E., Pillar, V. D., Müller, S. C.: Atlantic rain forest recovery: 
successional drivers of floristic and structural patterns of secondary forest in Southern Brazil. J Veg Sci, 25, 
1056–1068, 2014. 

Zelenakova, M., Zvijakova, L.: Environmental impact assessment of structural flood mitigation measures: a case 
study in Siba, Slovakia, Environmental Earth Sciences, 75, 9, 795, 2016. 

Zelenakova, M., Jakubikova, A.: Modeling of erosion and transport processes, Ekologia (Bratislava), 29(1),                
87-98, 2010. 

*** (1960) Romanian Geographical Monograph (in Romanian). 
*** (1983) Geography of Romania, Vol. I, (in Romanian). 


