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Abstract

Spectacular spatial dynamics of forest areas is one of the biggest challenges
for the scientific world, concerned with completing the methodologies devoted
to new methodological approaches, to provide new information that is indispens-
able in assessing the impact of deforestation within the ecosystem. In this study,
we analyzed the evolution of the deforested areas, using the fractal fragmentation
index (FFI). The research is based on high-resolution satellite images of forest areas
between 2000 and 2017. The use of fractal algorithms allowed the modeling of the
grinding patterns, identifying obvious differences between compact and frag-
mented cuts. Information is needed especially in the evaluation of the areas cleared
because of illegal actions. Research has shown spectacular increases in deforestation
in the mountain area, the northern and central groups of the Eastern Carpathians
being the most fragmented geographical regions in Romania. The study showed
that deforestation led to the fragmentation of forests, which generates major
natural changes. The results obtained can contribute to the identification of new
approaches in national forest fund management policies by establishing a critical
fragmentation threshold.

Keywords: fractal analysis, deforestation, forest fund, ecosystem,
fragmentation of the forest

1. Introduction

Forests represent perhaps the most complex terrestrial ecosystem, given their
ecosystem role, as well as habitat and socioeconomic development. The increasing
pressure exerted by the global economy and climate change leads to the degrada-
tion and shrinking of global forest areas [1-4]. The reduction of the forest area and
its degradation have negative repercussions on the environment, in general, but
especially on the quality of the air, the soil, and the security of the water resources
[5-12]. Thus, a series of programs and researches were initiated aimed at evaluat-
ing, monitoring, and reporting the physical and biological states of the forest
(Convention on Long-Range Transboundary Air Pollution (CLRTAP) [13];
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UN Collaborative Programme on Reducing Emissions from Deforestation and
Forest Degradation (REDD) [14]; International Long Term Ecological Research
Network (ILTER) [15]; NASA’s Carbon Monitoring System (CMS) [16]; Climate
Change Initiative (CCI) [17]).

The reduction of forest areas as well as the process of fragmentation of the forest
is a ubiquitous problem worldwide. Haddad et al. estimated that half of the planet’s
forests are less than 500 m from an inhabited area and most of the forested areas
have an area of less than 10 hectares [18].

The satellite images offer an unprecedented perspective on the spatial evolution of
the cover surfaces with forest vegetation, allowing the mapping of the compactness
of the surfaces as well as their degree of fragmentation over time [19-22].

Forest fragmentation assessments have been completed for many countries,
such as Canada, China, the Democratic Republic of Congo, India, the UK, or the
USA [23-26]. Many of the researchers who developed these studies point out that
fragmentation of forest areas has negative effects on the natural ecosystems by
increasing the isolation, creating artificial margins, and reducing the basic areas
of habitats.

In Romania, forests are under pressure due to climate changes (extreme tem-
peratures, low rainfall, strong winds, and even tornadoes) and natural disturbances
(insect outbreaks), but mainly due to anthropogenic causes (various forms of prop-
erty, poor pest control, illegal logging, large demands on wood for export, etc.).
Although Romania’s forest area is estimated at about 29% of the country’s total area,
well below the EU average level of 40%, logging is still at a high rate [27].

A continuous, accurate, and reliable monitoring of the territorial evolution of
forests as well as their state of sanogenesis is required both locally, in Romania, and
regionally, Europe or worldwide. Such monitoring systems can be based on the
information provided by the satellite monitoring networks correlated with on-site
measurements and with accurate methods of quantification [28-32].

Establishing methods of continuous observation and accurate determination of
long-term environmental changes is necessary to ensure the sustainability of the
forest ecosystem and the efficiency of the planned ecological restoration [33].

The method proposed in this study wants to perform a fractal analysis regarding
the deforestation of forests at the level of Romania.

2. Methodology

In order to start the analyses for GIS and fractal methods used, we downloaded
layer (a raster image in tiff format) corresponding to the granule with the top-left
corner at 50°N, 20E (in which Romania is situated), containing the forest loss (loss
year) data, for the 2001-2018 [34].

The images prepared for the fractal analyses followed a step-by-step algorithm,
consisted on the extraction by mask procedure. The input feature mask was
the vector limit of each relief unit of Romania, in our case 11 vector limits (the
Carpathians, the Subcarpathians, the West Hills, the Danube Delta, Transylvania
Depression, Dobrogea Plateau, Mehedinti Plateau, Getic Plateau, Moldova Plateau,
Romania Plain, and West Plain). For each of the 11 input limits, 21 images in tiff
format were exported providing pixels with useful informations. The first image
exported contains the geographical limit for the relief unit, the other 18 images
contain the yearly forest loss, from 2001 to 2018, and another image contains the
cumulated forest loss for the entire period (2001-2018) and the last image the
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tree-cover information. We have to mention that for the best results, all the images
exported were in black-and-white tones (the pixels corresponding to limits, to

the forest loss, and to the tree cover were in white, while the background was in
black color). Other important aspects were the scale and the image position: in
order to avoid the information errors that might have appeared during the export
processes, for each input feature mask (relief unit), the same scale and the same
unmoved image position were kept.

The exported images provided useful informations that were extracted by using
some specific softwares for the fractal and nonfractal analyses. We mentioned
that, depending on the surfaces of the relief units, the images were exported to
different scales and analyzed later fractal objects. Thus, for the Carpathians, the
exported images kept the scale 1:1,750,000; for Subcarpathians, 1:1,300,000; the
Transylvanian Depression, 1:1000,000; Moldova Plateau, 1:1,500,000; Dobrogea
Plateau, 1:800,000; Getic Plateau, 1:650,000; Mehedinti Plateau, 1:200,000; the
West Hills, 1:1,500,000; Romania Plain, 1:1,350,000; West Plain, 1:1,500,000; and
the Danube Delta, 1:600,000. Even if the exported images were analyzed at dif-
ferent scales, the pixel sizes being the same for each exported image, there were no
distortions or errors in their subsequent processing.

The applicability of fractal geometry is limited not only to static phenomena but
also to the study of dynamic phenomena, in evolution, such as the phenomena of
growth in biology or of development of urban populations [35].

A versatile possibility to determine the deforestation patterns but also their
impact on forest compaction is the fractal fragmentation index (FFI). FFl isa
recent indicator and describes fractal fragmentation and can also be interpreted
as an index of compaction of the analyzed surfaces, being a dimensionless
indicator [36].

The FFI is calculated using the equation (Eq. (1)):

FFI-D, - Dy - lim<logN(8)> B 1im<log1\//(s)> )

>0 log% >0 Iog%

where FF] is the fragmentation fractal index, Dy is the fractal dimension of
the summed areas, and Dp is the fractal dimension of the summed perimeters; €
represents the size of the box; logIN (¢) represents the number of contiguous and
non-overlapping boxes needed to cover the object area; and logN'(e) represents the
number of contiguous and non-overlapping boxes needed to cover only the object’s
perimeter.

When the value of the indicator has FFI = 0, it means that the analyzed fractal
objects (in our case the deforested areas or forests) are very small, of the order of 1-4
pixels, so that their outline cannot be extracted, D4D = Dp =0. When the FFI value
tends to be 1, the occupied areas are large and compact. FFI = 1, when analyzing a
Euclidean object, 100% compact, without any discontinuity (Dp = 1and D, = 2).
When the areas occupied by the fractal are smaller, more dispersed, and more frag-
mented, the value of the FFI approaches more than 0. The FFI was calculated using
IQM-plugin-FF1I, available online at https://sourceforge.net/projects/igmplugin-ffi/,
for open source software IQM 3.5 [37].

The analysis of the evolution of the analyzed parameter is carried out through a
series of steps. In advance, IQM 3.50 software is downloaded from https://source-
forge.net/projects/igm/files/latest/download; then, IQM-plugin-FFI is downloaded
from the address https://sourceforge.net/projects/igm-plugin-ffi/files/latest/down-
load. The downloaded plug-in is inserted in the plug-in folder of the IQM program,
and a series of steps are taken.
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Step 1: Import the images into the information quality metric (IQM - An
Extensible and Portable Open Source Application for Image and Signal Analysis in
Java) [File—Open Image(s)] (Figure1).
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Figure 1.
Importing images to analyze.

Step 2: Convert RGB images into 8 bits [Process—Convert Image—extract G]
(Figure 2).
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Figure 2.
Convert RGB images to 8 bits.

Step 3: Open the FFI plug-in [Plug-in—Image—FFI v2.0].

Method P-Dimension (Pyramid Dimension) is selected (because it is much
faster than box counting and the results are similar), and the number of boxes is 9;
then press Preview and the fractal analysis is done (Figure 3).
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Figure 3.
Using the FFI plug-in.
Step 4: This gives the FFI value on the last column of the displayed table
(Figure 4).
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Figure 4.
Obtaining the vesults of the FFI index.

3. Study area

Romania is a state located in the Southeast of Central Europe, on the lower
Danube, north of the Balkan Peninsula, and on the northwestern shore of the Black
Sea. The population, at the level of 2019, is estimated at 19.4 million citizens. On
its territory are the southern and central parts of the Carpathian Mountains and
the lower Danube basin. It borders Bulgaria to the south, Serbia to the southwest,
Hungary to the northwest, Ukraine to the northeast, the Republic of Moldova to the
east, and the Black Sea to the southeast (Figure5).
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Figure 5.
Romania—Study area.

According to the National Institute of Statistics, Romania’s forest fund covers an
area of 6,529,000 hectares, representing 27.3% of the country’s territory. The total
volume of forest stands is estimated at over 1340 million m’.

The multifunctional character of forests is given by their multiple roles:
ecological, economic, and social. From a socioeconomic point of view, forest
exploitation generates resources, especially wood, but it also plays an important
role in the regeneration of water resources and air quality. Their use is multiple
starting from the energy role (about half of the renewable energy consumed in the
EU is produced from wood mass), for timber, paper industry, wood fiber panels,
etc. The relationship between man and the forest is complex, and the dependence
is obviously mutual.

The territory of Romania represents a point of intersection between different
biogeographic regions: Arctic, Alpine, Western and Central European, Pannonian,
Pontic, Balkan, sub-Mediterranean, and even Colchian and Turanic-Iranian. This
high level of diversity of ecological conditions/systems also determines a great diver-
sity of flora and fauna, estimated at 3700 species of plants and over 33,000 species of
animals. A large number of these species (over 220 plants and over 1000 animals) are
endemic species, adapted to local conditions and are found only in Romania.

Important areas of natural, virgin, and quasi-virgin forests are preserved in
Romania. However, these areas are rapidly narrowing, currently occupying only
about 280,000 hectares, that is, less than half of the existing area 20-25 years ago.
These forests are located in a proportion of 99% in mountain regions (in karst areas,
in hard-to-reach regions, on steep slopes and screes) and only in a proportion of 1%
in the hill and plain regions (hard-to-reach areas of the Danube Delta or compact
forest massifs located at a considerable distance from localities). Most of them
are located in the area of beech and spruce and mixtures of spruce, fir, and beech.
Currently, parts of the virgin and quasi-virgin forests of unique value, including for
the biodiversity of natural ecosystems, are included in officially protected areas.
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The division of the property regime of the national forestry fund after the
1990s, the great dynamics of the laws in the forestry field, the lack of a coherent
policy in this field, and the desire for quick financial gains generated significant
deforestation of the forests at the national level. The lack of precise statistics of the
deforested surfaces and the quantities of wood exploited has generated at the level
of some groups of researchers or environmental organizations of solutions for the
prevention and quantification of the deforested areas.

4, Results

Economic pressure and extreme environmental factors have led to the reduction
of forest areas worldwide. Romania has also registered a marked dynamics of the
national forestry fund in the last decades.

The division of forest fund ownership, inadequate or poorly applied legislation,
poor monitoring of the way the wood is exploited, and the occurrence of natural
phenomena that have affected the forest (wind blows, biological attacks, etc.) led to
the reduction of forest areas and especially to a strong fragmentation of them.

Finding methods that determine the most precisely deforested areas, the density
of the existing forest, and its territorial fragmentation is of great importance for
sustainable management of the national forestry fund but also within a sustainable
development of the environment (protection against landslides, floods, air quality,
groundwater resources, etc.).

The analysis was performed according to the types of relief units and their
degree of forest cover. Thus, it is found that socioeconomic and natural factors of
the last decades have generated a decrease of the compaction of the forest areas
(Figure 6). The most affected unit of relief is that of the Carpathian Mountains and
of the Mehedinti Plateau. All the relief units have suffered over time decreases of
the compaction of the forest surface following the deforestation.

The tested and analyzed method may also indicate the technical way of extracting
the wood from the logging. A selective extraction of valuable and mature trees or a
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Figure 6.

Evolution of the compaction of the areas occupied by the fovest, at the level of velief units, between 2001 and
2018, in Romania.
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“shaved” exploitation, regardless of the size and nature of the successive species within
those plots. This can be determined by comparing the obtained values of the FFI at the
level of any reference year in the analyzed period.

By performing the value difference of the FFI obtained at the level of 2018 and
the one from 2001, it can be seen which relief unit was more intense and more
fragmented and deforested (Figure 7).

The area of the Carpathian Mountains, by the nature of the relief, leads to the
clearing of surfaces arranged on different slopes and positions. This is also due
to the access to the exploited plots and the shelving of the species. Instead, in the
Romanian Plain or in the Danube Delta where the forest surfaces are composed of
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Figure7.
The degree of fragmentation of forests, obtained by comparing the value of the FFI 2018—FFI 2000.
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Dynamics of cumulative deforestation.
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Annual dynamics of deforestation, by velief units, between 2001 and 2018.
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The average of the FFI deforestation index, between 2001 and 2018 (plateau, green color; plain, yellow color;

mountain and premontane units, brown color).

the same species, the exploitations are generally made from the marginal areas of
the forest fund; thus, a decrease of the forested surface is recorded, but maintaining
its degree of fragmentation, in general.

If the deforestation is done on small and isolated surfaces from year to year,
the values of the FFI will be zero or very close to zero. The more the deforestation
is done in continuation of the previous deforestation, expanding some deforested
areas spatially, the more the value of the FFI will increase.

The Carpathian Mountains have reduced accessibility to the forest fund. In the
absence of adequate exploitation technologies (funiculars, helicopters, etc.), the
arrangements in the immediate vicinity of the roads are overexploited [38].
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In the relief units where the forest fund is naturally fragmented and the access is
much easier, we have forest exploitations on various locations (Figure 8).

It can be seen that the deforestation carried out within all the relief units varied
from year to year. They are highlighted by the values of the annual FFI for each
relief unit separately (Figure 9).

Figure 10 shows the average FFI for all 18 years of analysis. The most compact
deforestation, on average, took place in the Mehedinti Plateau, in the Carpathian
Mountains, and in the Danube Delta. Instead, they were more fragmented in the
plains and hills (Subcarpathians).

5. Conclusion

Today, logging is one of the most important pressures on the natural environ-
ment, which causes major imbalances on all systemic components, the most impor-
tant being the modification of microclimates [39, 40], floods, and landslides [41, 42].
In many specialized works, the need to develop methodologies for obtaining data
on deforested surfaces and patterns in which they are made, especially for illegal
cutting, is highlighted [43-46]. Fractal analysis offers a considerable amount of
information, regarding the spatial characteristics of some fractal objects, whether
or not they are in dynamics. The proposed index quantifies these characteristics,
being very useful in establishing patterns.

Fractal analysis has proven to be a versatile method for evaluating the dynamics
of deforestation, as well as identifying deforestation patterns; thus, it can be used
complementary to the classical analyses by which data are obtained. FFI is useful
in quantifying the degree of fragmentation and implicitly fractal compaction of
forest areas and also provides important information on the effect of deforestation
on forests, identifying also the moments of agglutination (clustering) of cumulative
deforestation.

Being a fractal index, the FFI analyses are invariant at scale, bringing a sig-
nificant addition to the classical analyses, thus being relevant in the realization of
strategies for forest management. The FFI was used in the analysis of deforestation
in Romania and the effect of deforestation at the county level [19, 36], indicating
in all cases that fragmentation of forests increases following deforestation, having
negative consequences on the stability of the hydrographic network and on the
habitats. Like any fractal analysis, FFI analysis has limitations. For a correct analy-
sis, but also to be able to make comparisons, all images, which are analyzed, must be
at the same resolution, scale, and position and equally binarized.

In this study, FFI analysis allowed a clear differentiation of some patterns
regarding the degree of fragmentation of the forests, but also of the compaction of
the cumulative deforestation from the relief units in Romania, highlighting dif-
ferent dynamics. Thus, we have shown that the fragmentation of the forest is also
relevant for the complex methodologies for calculating the flood risk and offers
new perspectives for understanding the way in which the economic pressure on the
forests is manifested.

Acknowledgements
The research activities were financed by the projects “Spatial projection of
the human pressure on forest ecosystems in Romania,” University of Bucharest,

(UB/1365), and “Development of the Theory of the Dynamic Context by
Analyzing the Role of the Aridization in Generating and Amplifying the Regressive

10



Use of Fractal Analysis in the Evaluation of Deforested Areas in Romania
DOI: http://dx.doi.org/10.5772/intechopen.91621

Phenomena from the Territorial Systems,” Executive Agency for Higher Education,
Research, Development and Innovation Funding, Romanian Ministry of Education
Research Youth and Sport (UEFISCDI) (TE-2014-4-0835).

Conflict of interest

The authors declare no conflict of interest.

Author details
Daniel Constantin Diaconu™, Rizvan Mihail Papuc’, Daniel Peptenatu’,
TIon Andronache!, Marian Marin!, Rizvan Citilin Dobrea’,

Cristian Constantin Drighicil, Radu-Daniel Pintilii* and Alexandra Grecu!

1 Faculty of Geography, Centre for Integrated Analysis and Territorial Management,
University of Bucharest, Bucharest, Romania

2 Faculty of Administration and Business, University of Bucharest, Bucharest,
Romania

3 Faculty of Management, Bucharest University of Economic Studies, Bucharest,
Romania

*Address all correspondence to: daniel.diaconu@unibuc.ro

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

11



Advances in Forest Management under Global Change

References

[1] Chen CR, Condron LM, Davis MR,
Sherlock RR. Effects of afforestation on
phosphorus dynamics and biological
properties in a New Zealand grassland
soil. Plant and Soil. 2000;220:151-163.
DOI: 10.1023/A:1004712401721

[2] DeFries RS, Rudel T, Uriarte M,
Hansen M. Deforestation driven

by urban population growth and
agricultural trade in the twenty-first
century. Nature Geoscience. 2010;3:178

[3] Steffen W, Richardson K,

Rockstrom J, Cornell SE, Fetzer I,
Bennett EM, et al. Planetary boundaries:
Guiding human development on a
changing planet. Science. 2015;80:347

[4] Stoy PC. Deforestation intensifies
hot days. Nature Climate Change.
2018;8:366-368. DOI: 10.1038/s41558-
018-0153-6

[5] Allen CD, Macalady AK,

Chenchouni H, Bachelet D, McDowell N,
Vennetier M, et al. A global overview of

drought and heat-induced tree mortality
reveals emerging climate change

risks for forests. Forest Ecology and
Management. 2010;259:660-684

[6] Zhou G, Wei X, Chen X, Zhou P,

Liu X, Xiao, et al. Global pattern for
the effect of climate and land cover on
water yield. Nature Communications.

2015;6:5918

[7] Pravalie R, Piticar A, Rosca B,

Sfica L, Bandoc G, Tiscovschi A, et al.
Spatio-temporal changes of the
climatic water balance in Romania as a
response to precipitation and reference
evapotranspiration trends during 1961-
2013. Catena. 2019;172:295-312. DOI:
10.1016/j.catena.2018.08.028

[8] Andronache I, Fensholt R,

Ahammer H, Ciobotaru AM, Pintilii RD,
Peptenatu D, et al. Assessment of
textural differentiations in forest

12

resources in Romania using fractal
analysis. Forests. 2017;8:54

[9] Gholoubi A, Emami H, Alizadeh A,
AzadiR. Long term effects of
deforestation on soil attributes: Case
study, Northern Iran. Caspian Journal of
Environmental Sciences. 2019;17:73-81.
DOI: 10.22124/cjes.2019.3346

[10] Draghici CC, Peptenatu D,

Simion AG, Pintilii RD, Diaconu DC,
Teodorescu C, et al. Assessing economic
pressure on the forest fund of
Maramures County Romania. Journal
of Forest Science. 2016;62:175-185. DOI:
10.17221/72/2015-JFS

[11] Petrisor Al, Andronache IC,
Petrisor LE, Ciobotaru AM, Peptenatu D.
Assessing the fragmentation of the
green infrastructure in Romanian cities
using fractal models and numerical
taxonomy. Ecosmart - Environment

at crossroads: Smart approaches for

a sustainable development. Procedia
Environmental Sciences. 2016;32:110-
123. DOI: 10.1016/j.proenv.2016.03.016

[12] Draghici CC, Andronache I,
Ahammer H, Peptenatu D, Pintilii RD,
Ciobotaru AM, et al. Spatial evolution
of forest areas in the Northern
Carpathian Mountains of Romania. Acta
Montanistica Slovaca. 2017;22:95-106

[13] Available from: http://www.unece.
org/fileadmin//DAM/env/Irtap/
welcome.html [Accessed: 29 December
2019]

[14] Available from: https://www.un-redd.
org/ [Accessed: 29 December 2019]

[15] Available from: https://www.ilter.
network/ [Accessed: 29 December 2019]

[16] Available from: https://carbon.nasa.
gov/ [Accessed: 29 December 2019]

[17] UN. SEEA experimental ecosystem
accounting: Technical recommendations



Use of Fractal Analysis in the Evaluation of Deforested Areas in Romania

DOI: http://dx.doi.org/10.5772/intechopen.91621

consultation draft. New York, USA:
United Nations; 2017

[18] Haddad NM, Brudvig LA, Clobert ],
Davies KF, Gonzalez A, Holt RD, et al.
Habitat fragmentation and its lasting
impact on Earth’s ecosystems. Science
Advances. 2015;1(2):e1500052

[19] Pintilii RD, Andronache I,

Diaconu DC, Dobrea RC, Zelendkova M,
Fensholt R, et al. Using fractal analysis
in modeling the dynamics of Forest
areas and economic impact assessment:
Maramures County, Romania, as a case

study. Forests. 2017;8:25

[20] Taubert F, Fischer R, Groeneveld ],
Lehmann S, Muller MS, Rodig E,

et al. Global patterns of tropical forest
fragmentation. Nature. 2018;554:
519-522

[21] Andronache I, Marin M,

Fischer R, Ahammer H, Radulovic M,
Ciobotaru AM, et al. Dynamics of forest
fragmentation and connectivity using
particle and fractal analysis. Scientific
Reports. 2019;9(1):1-9. DOI: 10.1038/
s41598-019-48277-z

[22] Diaconu DC, Andronache I,

Pintilii RD, Bretcan P, Simion AG,
Drdghici CC, et al. Using fractal
fragmentation and compaction index
in analysis of the deforestation process
in Bucegi Mountains Group, Romania.
Carpathian Journal of Earth and
Environmental Sciences. 2019;14:431-
438. DOI: 10.26471/Cjees/2019/014/092

[23] Kang S, Choi W. Forest cover
changes in North Korea since the 1980s.
Regional Environmental Change.
2013;14:347-354

[24] Reddy CS, Sreelekshmi S, Jha CS,
Dadhwal VK. National assessment

of forest fragmentation in India:
Landscape indices as measures of the
effects of fragmentation and forest

cover change. Ecological Engineering.
2013;60:453-464

13

[25] Shapiro AC, Aguilar-Amuchastegui N,
Hostert P, Bastin JF. Using fragmentation
to assess degradation of forest edges in
Democratic Republic of Congo. Carbon
Balance and Management. 2016;11:11

[26] LiY, Xiao X, Li X, MaJ, Chen B,
QinY, et al. Multi-scale assessments
of forest fragmentation in China.
Biodiversity Science. 2017;25:372-381

[27] Available from: http://ec.europa.
eu/agriculture/fore/publi/2007_2011/
brochure_en.pdf [Accessed: 29
December 2019]

[28] Simard M, Pinto N, Fisher JB,
Baccini A. Mapping forest canopy
height globally with spaceborne lidar.
Journal of Geophysical Research.
2011;116:1-12

[29] Rullan-Silva CD, Olthoff AE, de la
Mata JAD, Pajares-Alonso JA. Remote
monitoring of forest insect defoliation.
A review. Forest Systems. 2013;22:
377-391

[30] Tanase M, Ismail I, Lowell K,
Karyanto O, Santoro M. Detecting and
quantifying forest change: The potential
of existing C- and X-band radar dataset.
PLOS One. 2015;10:1-14

[31] Reiche ], Hamunyela E, Verbesselt J,
Hoekman D, Herold M. Improving near
real time deforestation monitoring in
tropical dry forests by combining dense
Sentinel-1 time series with Landsat and
ALOS-2 PALSAR-2. Remote Sensing of
Environment. 2018;204:147-161

[32] ZhaoY, Zeng Y, Zhen Z, Dong W,
Zhao D, Wu B, et al. Forest species
diversity mapping using airborne LiDAR
and hyperspectral data in a subtropical

forest in China. Remote Sensing of
Environment. 2018;213:104-114

[33] Bryan BA, Lei G, Ye Y, Sun X,
Connor JD, Crossman ND, et al. China’s
response to a national land-system

sustainability emergency. Nature.
2018;559:193-204



Advances in Forest Management under Global Change

[34] Hansen MC, Potapov PV, Moore R,
Hancher M, Turubanova SA,

Tyukavina A, et al. High-resolution
global maps of 21st-century forest cover
change. Science. 2013;342:850-853. DOI:
10.1126/science. 1244693

[35] Mandelbrot BB. The Fractal
Geometry of Nature. San Francisco: W.H.
Freeman and Company; 1982. p. 460

[36] Andronache I, Ahammer H,

Jelinek HF, Peptenatu D, Ciobotaru AM,
Draghici CC, et al. Fractal analysis for
studying the evolution of forests. Chaos,
Solitons and Fractals. 2016;91:310-318.
DOI: 10.1016/j.chaos.2016.06.013

[37] Kainz P, Mayrhofer-Reinhartshuber
M, Ahammer H. IQM: An extensible
and portable open source application
for image and signal analysis. PLOS
One. 2015;10(1):e0116329. DOI: 10.1371/
journal.pone.0116329

[38] Ciobotaru AM, Andronache I,
Ahammer H, Jelinek HF, Radulovic M,
Pintilii RD, et al. Recent deforestation
pattern changes (2000-2017) in the
Central Carpathians: A gray-level
Co-occurrence matrix and fractal
analysis approach. Forests. 2019;10:308

[39] Pravalie R, Sirodoev I, Patriche CV,
Bandoc G, Peptenatu D. The analysis
of the relationship between climatic
water deficit and corn agricultural
productivity in the Dobrogea plateau.
Carpathian Journal of the Earth and
Environmental Science. 2014;9:201-214

[40] Pravalie R, Patriche CV, Sirodoev I,
Bandoc G, Dumitrescu M, Peptenatu D.
Water deficit and corn productivity
during the post-socialist period. Case
study: Southern Oltenia drylands,
Romania. Arid Land Research and
Management. 2016;30:239-257. DOLI:
10.1080/15324982.2015.1091399

[41] Andronache I, Pintilii RD, Grecu A,
Diaconu DC. Quantification method

of the cumulative loss of the forests.

In: Public Recreation and Landscape

14

Protection—With Sense Hand in
Hand... Czech Soc Landscape Engineers,
Krtiny, Czech Republic; Date: 13-15
May 2019. Public Recreation and
Landscape Protection. 2019:297-302

[42] Diaconu DC. Particularities of
drain liquid in the small wetland of
Braila Natural Park, Romania. In:
Negm A, Romanescu G, Zelendkova M,
editors. Water Resources Management
in Romania. Springer Water. Cham:
Springer. 2020:437-464. DOI:
10.1007/978-3-030-22320-5_13

[43] Diaconu DC, Peptenatu D,

Simion AG, Pintilii RD, Draghici CC,
Teodorescu C, et al. The restrictions
imposed upon the urban development
by the piezometric level. Case study:
Otopeni-Tunari, Corbeanca. Urbanism
Architecture Constructions. 2017;8:27-36

[44] Ciobotaru AM, Peptenatu D,
Andronache I, Simion AG. Fractal
characteristics of the afforested,
deforested and regenerated areas

in Suceava County, Romania. In:
Proceedings of International Scientific
Conferences on Earth & Geo Sciences-
Sgem Vienna Green Sessions 2016;

2-5 November 2016; Vienna, Austria:
Technology Ltd.; Sofia, Bulgaria; Vol. 3.
2016. pp. 445-452

[45] Braghina C, Peptenatu D,
Draghici CC, Pintilii RD, Schvab A.
Territorial management within the
systems affected by mining. Case
study the South-Western development
region in Romania. Iranian Journal of
Environmental Health Science and
Engineering. 2011;8:343-352

[46] Diaconu DC, Andronache],
Ahammer H, Ciobotaru AM,
Zelenakova M, Dinescu R, et al. Fractal
drainage model—A new approach

to determinate the complexity of
watershed. Acta Montanistica Slovaca.
2017;22:12-21



