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Abstract: This paper analyzes changes in forested areas, as depicted in topographic maps, within the
historical context of their publication in Serbia. The research focuses on the experimental field “Goc-
Gvozdac” of the University of Belgrade — Faculty of Forestry, with additional reference to changes in
Central Serbia. Changes were assessed across historical periods using four reference topographic maps:
from 1893, 1929, 1971, and 1985. Data on shifts in forested areas (categorized as forest and other land)
were obtained by vectorizing scanned analog maps using manual GIS editing tools. Additionally,
currently available spatial data sets of land cover/use for 2021 were utilized for the analysis. The forest
distribution across different geological formations was also evaluated. The results indicate a continuous
increase in forested areas within the experimental field, rising from 77.6% in 1893 to 89.3% in 1985, and
reaching 95.1% by 2021. The most significant increase occurred during the first reference period (1983-
1929), while the smallest growth was observed in the last one. Data for Central Serbia also reveal a
general upward trend in forested areas throughout the 20th century, consistent with findings from the
experimental field. However, analyses in the 21st century indicate only minor changes in the forested
area. The historical data on forest area changes provide valuable insights, enhancing our understanding
of forest development and informing better forest management planning, organization, and activity
implementation. This is significant for enhancing knowledge from educational and scientific research
perspectives, as well as providing the foundation for forest management in preservation and qualitative
improvement.

Keywords: forest; topographic maps; GIS; long-term change; Central Serbia

1. Introduction

One of the first maps of the territory corresponding to the borders of today's central Serbia
was made by Adam von Weingarten in 1820, as a contribution to the historical-geographical
document Uber Serbien. In addition to the river valleys, the author describes the country as
hilly, covered with dense and continuous forests (Matovi¢, 2019). Different subjective
descriptions from the past often form the basis of the interpretation of the forest conditions.
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The development of cartography, from Zaharija Orfelin, Sava Popovi¢ Tekelija, Vuk
Stefanovi¢ Karadzi¢, Jovan Bugarski, Vladimir Kari¢ and Jovan Cviji¢ (Zivkovi¢, 2012), to the
first "land measurement” for the creation of a topographic map (1881-1892 in the Kingdom
of Serbia) with the presentation of the forest layout, from this historical distance enabled the
minimization of the above-mentioned subjectivity. Forests, in addition to long production
processes, have long time frames for monitoring certain phenomena that often exceed a
persons’ working life, and are primarily characterized by a large surface coverage. Therefore,
spatial management planning is extremely important. Topographic maps have been the
spatial basis of forest management in Serbia since the beginning of their presentation and
division. More than one century has passed since the creation of the first topographic map
of Serbia (published in 1893). To date, the surveying process has been repeated several
times in different time and spatial frames. Compared to the first survey, its content has been
completely updated. The quantity and quality of available information in modern
circumstances ensure overcoming the problems caused by the various specificities of forests.
The currently available spatially comparable data form a suitable basis for monitoring
changes in forest areas, especially considering the lack of such research, the reliability of
information and the advantages of modern geoinformation systems for their manipulation.
Due to the limited availability of data from the mentioned period until today, and their
scope and reliable comparability, the paper analyzes the characteristics of changes in the
forest areas Gvozdac River basin, an experimental field of the University of Belgrade —
Faculty of Forestry, “Go¢-Gvozdac". This forest was designated for the needs of science and
teaching at the Faculty of Forestry of the University of Belgrade by the decision of the
Serbian Government in 1956 (IzvrSno vele Narodne Republike Srbije, 1956). This
experimental field with an area of 3,731 hectares (ha) started operating on January 1, 1957.
The first management planning process of this forest within the boundaries of the state
forest area "Goc-Zeljin”, defined in 1909 (Uredajni zapisnik, 1950), was carried out in 1933
(Uredajni zapisnik, 1937). The basis of forest division was a topographic map of the
Vojnogeografski institut from 1929. The topographic maps provided an early depiction of
forest vegetation significantly before the first maps of the condition of forests in the
management plans of this area, which enhances their importance.

Knowledge and understanding of the past are necessary to assess the current situation
and plan future actions properly. Forest change is a continuous process that has taken place
in the past and is still happening. To understand the scale of the changes in forest areas, it is
important to identify former forested areas and endangered parts, simulate their
transformation, and take into account the migration of the human population, as well as
industrial, agricultural, and urban development (Puziene, 2021). Historical maps (old
cadastral maps, topographic maps, military maps, and thematic maps) are useful for the
retrospective analysis of long-term forest changes (Kienast, 1993). If available, changes may
be analyzed based on literary sources and preserved archival statistical data (Puziené &
Anikeniene, 2020). As the development of cartography progressed, an opportunity arose to
monitor changes using topographic maps (Puziene, 2021) and make positive use of
extensive past work. Surveys based on topographic maps are relatively rare (Istrate et al.,
2023; Kaim et al.,, 2016) because they require extensive work on the vectorization of analog
data. Attempts to automate this process have had good results only with newer maps
releases (Ostafin et al, 2017). Contemporary research of this kind has been addressed by
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several authors (Istrate et al.,, 2023; Jaworek-Jakubska et al., 2020; Kienast, 1993; Ostafin et
al, 2017; Puziene, 2021, 2024; Puziené & Anikeniene, 2020; Stauble et al., 2008), mainly in
Central Europe as part of landscape research. Research can have a more complex or simpler
character, depending on the basic landscape zones (soil, groundwater, plant) that are the
subject of research and the design of their categorization (Jaworek-Jakubska et al.,, 2020;
Puziené & Anikeniene, 2020). This kind of research is mostly focused on the local level
(Ostafin et al.,, 2017), with the exception of broad-scale forest cover reconstruction (Polish
Carpathians), using sampling methods (Kaim et al., 2016). This mainly happens because
forestry policy decisions are dominantly implemented at that level (Jaworek-Jakubska et al.,
2020). The long-term changes in forest-covered areas are crucial for experimental fields with
a rich tradition of scientific and educational activities. Understanding past trends is essential
for planning, regulating, and directing forest development (Puziene, 2021). It is vital for
management planners to recognize the importance of the historical context of today’s
forests in order to monitor, manage, and plan effectively (Jaworek-Jakubska et al., 2020). The
insights gained can serve as a theoretical foundation for managing and promoting
sustainable forest development.

2. Materials and methods

2.1. Study area

The experimental field "Go¢-Gvozdac” is a scientific-research complex formed in order to
provide conditions for the education, training, and experimental work of students. The
experimental field (Figure 1) is located in Central Serbia, within the territory of the
municipalities of Kraljevo and Vrnjacka Banja. This border area of Go¢ Mountain, beginning
from the Zapadna Morava River valley, extends spatially to Studena and Ravna Mountains,
as well as to the higher massif of Zeljin Mountain. The space consists of the basin of the
Gvozdac River, which is oriented in the east-west direction, bordered by two ridge systems
on the north and south sides that meet at Prerovo Pass. The catchment area of the Gvozdac
River gravitates toward the Ibar River. This relatively small area (3,988.47 ha) has a wide
hypsometric coverage from 334 to 1484 m asl (12 hypsometric intervals). This
mountainous area has only a small portion below 500 m a.s.l. (1.3%). The area between 500
and 1,000 m comprises 55.3%, while elevations above 1,000 m make up 43.4% of the total
area. The study area is characterized by very favorable conditions for the development of
forest vegetation, considering that 71.7% of the total area is in the range of 800 to 1,200 m
asl, which are the assumed values for the development of a climate-regional
(oroclimatogenic) mixed forest of beech and fir Abieti-Fagenion moesiacae Jov. 1976 (Tomic,
2004). The researched forest is today one of the most preserved forests in the Republic of
Serbia. From 2014, the area is legally protected as a Special Nature Reserve.
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Figure 1. Satellite view of the experimental field “Go¢-Gvozdac” in relation to the boundaries of forest
management areas and the spatial distribution of forests in Serbia.
Note. Adapted from "ESA WorldCover 10 m 2021 v200 (Version v200)", by D. Zanaga, R. Van De
Kerchove, D. Daems, W. De Keersmaecker, C. Brockmann, G. Kirches, J. Wevers, O. Cartus, M.
Santoro, S. Fritz, M. Lesiv, M. Herold, N.-E. Tsendbazar, P. Xu, F. Ramoino, and O. Arino, 2022, ESA
WorldCover 10 m 2021 v200 (Version v200) [Data set]. Zenodo.

2.2. Materials

Four topographic maps were used in the paper for the analysis of changes in forest cover.
Map sheets that coincide with the area of the forest experimental field were used. The oldest
of the maps is the General Staff map of the Kingdom of Serbia from 1893, published by the
Geografsko odeljenje Glavnog GeneralStaba Srpske Vojske (1893) at a scale of 1:75,000. This
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is the first map created on the basis of a land survey. For this research, parts of two sheets
were used: D7 Studenica and E7 Trstenik. The second map is the topographical map of the
Kingdom of Yugoslavia from 1929 at a scale of 1:100,000, where the part of the sheet 702
Cacak was used (Vojnogeografski institut, 1929). The third is a topographical map of the
Socialist Federal Republic of Yugoslavia from 1971, at a scale of 1:25,000 — parts of two sheets
530-3-4 Kraljevo-Cerje and 530-4-3 Kraljevo-Goc (Vojnogeografski institut, 1971). The last
used topographic map is from 1985 at a scale of 1:50,000 — parts of sheets 530-3 Kraljevo 3
and 530-4 Kraljevo 4 (Vojnogeografski institut, 1985). The years of print of the maps were
previously indicated, while the data for the production were collected for many years.

As the geological background plays a very important role in the appearance of the
forests, the paper specifically analyzed the change in the forest areas during the mentioned
periods in relation to this parameter. For this purpose, the Basic Geological Map of
Yugoslavia, part of sheet K34-18 Vrnjci, at a scale of 1:100,000 was used (Zavod za geoloska i
geofizi¢ka istrazivanja, 1970).

The fact that 29 officers participated in the first topographical survey of the Kingdom of
Serbia (from 1881 to 1892), including famous Serbian dukes (Putnik, Bojovi¢, Misi¢,
Stepanovi¢) (Boskovi¢, 1931), speaks volumes about the starting material. According to
Vemi¢ (2007), with some criticism, Jovan Cviji¢ evaluated content positively as a
breakthrough in the development of cartography. The map was made by photolithography
in five colors: black (gerip), red (paved roads), blue (hydrography), dark (isohypse — terrain)
and green (forests) (Boskovi¢, 1931). The last category was the basis for monitoring changes
in forest cover in subsequent editions of topographic maps. The survey was carried out
using classical methods and with the help of basic geodetic instruments until 1952, when the
mass application of photogrammetry began, which took over the primary role from 1957
(Vojnogeografski institut, 2024). Spatial data are based on satellite view (Zanaga et al., 2022).
Sentinel-2 land cover/land use (10 m; available for 2021) were used for comparisons with the
obtained data from topographic maps. For this purpose, one (“Trees”) of nine spatial data
classes generated by the algorithm was used.

2.3. Methods

The process of working methods is shown in the flowchart (Figure 2). Scanned sheets of
topographic maps in raster form were processed with the help of ArcGIS Pro software
(Version 3.1.0; Esri, n.d.-a). The WGS 1984 UTM (Universal Transverse Mercator) Zone 34N
coordinate reference system was used for the GIS analysis. Spatial georeferencing was
performed according to the displayed reference grids (intersections of x-y coordinates). For
the spatial display, the units of degrees (°), minutes (), and seconds (") of latitude and
longitude were used. The longitude value of topographic map sheets from 1893 was defined
in relation to the prime meridian passing through Paris' (Janssen, 1884), while the other
maps were defined according to the London (Greenwich — Astronomical Observatory)
meridian. They were adjusted in relation to Greenwich (positive difference is 2°20"14") (L'isle,
2018). Then, the areas under the forest were digitized within the boundaries of the
researched area. The data were obtained using manual vectorization, manipulations, and

T At the International Conference on Meridians in Washington in 1884, the Greenwich Meridian was
adopted as the main meridian.
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geometry calculations. Manual vectorization was used due to inadequate accuracy of
obtaining data automatically (Ostafin et al., 2017), as a consequence of the poor quality of
the used map from 1893. The approach used so far (Istrate et al., 2023; Ostafin et al., 2017;
Puziene, 2021, 2024; Puziené & Anikeniene, 2020) of manual data vectorization has some
advantages. Manual digitization confers much better resolutions than the available data
(CORINE, ESRI); data sets for older periods are not available and the approach provides a
higher degree of accuracy (Istrate et al., 2023). The following indicators were derived for the
analysis of the trends of changes in the obtained basic values: the percentage share of the
area under forest, the change in the area under forest, and the average annual change in
the area under forest in absolute and relative amounts. The paper did not use the complex
division of land categories and forest cover trajectory types (Jaworek-Jakubska et al., 2020)
due to the impossibility of reliable classification of other land on the researched maps and
the lack of such information from cadastral plans (practically due to the limitation of the
level of information (detail) of the oldest used map). The well-known lack of the first
topographic maps from the geodetic aspect (geodetic inaccuracy) (Istrate et al., 2023) did
not significantly affect the quality of the research, considering the size of the study area.

Topographic maps
analog form——digital form
[ I [ [

1893 ’ ‘ 1929 ’ ‘ 1971 ’ ‘ 1985 ’

Data processing ’

ArcGlIS Pro software 3.10
I [ I I

Editing Clip Disslove Calculating
tool tool tool geometry
I I I I
I
( Overlapping maps and data
I

[ Exporting and analyzing maps and data
I

[ Visual interpretation of results

Figure 2. Metodology flowchart.

3. Results

The values obtained from the first topographical map from 1893 showed that the researched
area had the smallest area under forest (Figure 3A). On the total area of 3,988.47 ha,
3,094.29 ha (77.6%) were under forest (Table 1). Forest dominated area mostly represented
in the central parts of the north-oriented ridge systems that descend into the central part of
the Gvozdac river catchment area (left side). Other land was dominantly located on the parts
of the southern slopes on the right side of the watershed and the ridge belt of the higher
zones of the lower part of the watershed. Areas without forest can be grouped into two
units, in relation to the dominantly warm (right side of the watershed) and cold (left side of
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the watershed) exposures. On the right side, there is the area around the reef system from
Dobra voda, Brezjak, Gvozdacka ¢uka (to Gajovaca), Visnjica, Cukar (Beli kamen), and Veliko
brdo °. On the left side, there is also the area of the ridge system from Velika livada (Ravna
Mountain), through Cukar, Zli ¢ukar, Kavgalija, and Cvetalica (Studena Mountain) and a side
ridge that gravitates toward the central part of the basin in the north-west direction.

e 2099 2! i i z 2 e awe  wae 0426 20U9E  AME  WASE  0UE  2047E  208E

Figure 3. Georeferenced sheets of topographic maps from: 1893 (A); 1929 (B); 1971 (C); and 1985 (D),
with the display of digitized areas under forest (green) for the “Go¢-Gvozdac” area.
The display is of identical scale (1:50,000) with the boundaries of the area highlighted (red line).

According to the second topographic map from 1929, the area of 3,399.93 ha (85.2% of
the total area) was under forest. Forests occupied almost all the areas oriented to the north,
while parts of the steep sides oriented to the south (in the lower part of the watershed) were
still without forest cover (Figure 3B). The forest acquired a significantly more compact
character and was practically formed from one continuous unit. In the period of almost four
decades (36 years), there was an increase in the area under forest by 305.64 ha (7.6%)3‘ As
a result, the remaining areas without forest cover were relatively small.

The values obtained in relation to the third and fourth topographic maps record a slight
increase in the areas under forest. According to Figure 3C (1971), the area under forest was
3,543.74 ha (88.8% of the total area). Considering the similar time frame of the analysis (42
years) compared to the previous intermediate period, there was a significantly smaller

% The "original toponyms"” are listed according to the largest scale map (Topographic map 1:25000).
® The percent refers to difference of forest area percents of the total study area.
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increase in the area under forest. The area increased by 143.81 ha (3.6%), mostly thanks to
the increase in the lower part of the Gvozdac River basin. According to Figure 3D (1985), the
area under forest was 3,560.51 ha (89.3% of the total area). The structure of the change in
the area under forest referred to slight changes in the areas of almost identical layout and
shape of the unified forest area. In relation to the situation presented in the previous map,
the shortest period of time passed (14 years) and the smallest increase in the forested area
of 16.76 ha (0.5%) was achieved.

Table 1. Values of changes in areas under forest through the analyzed periods

A B C D E F G H
E G
[ B)1 - ———— D -D 0
% _§ o (Cn/ ) 00 Cn Cn—l Aw _ A171 n n-1 A1 _ Avj_
5 0§ o
< Qo 2 gL Area
= < under Change Change Change Change
forest
ha ha % ha ha/year % %/year
1 1893 ~ 3,094.29 776 / / / /
2 1929 ; 3,399.93 85.2 +305.64 +8.49 +7.6 +0.21
3 1971 8 3,543.74 88.8 +143.81 +3.42 +3.6 +0.086
4 1985 " 3,560.51 89.3 +16.76 +1.19 +0.5 +0.036

According to the average annual absolute and relative values of changes (Table 1), the
biggest changes were recorded in the first period, from 1893 to 1929. In this period, there
was an increase in the area under forest by 8.49 ha/year (0.211%). The next two reference
periods indicate significantly lower rates of increase of 3.42 (0.086%) and 1.19 (0.036%)
ha/year. The reason should primarily be sought in the historical circumstances of the
development of the attitude toward the forest and the potential space for its increase, given
that in 1929, the area under forest already amounted to more than 85%. The average growth
rate of areas under forests for the total analyzed period of 92 years (1893-1985) was 5.06
(0.127%) ha/year.

Table 2. Values of changes in areas under forests in relation to the geological formation
Geological

8 | Il M Y \Y Vi
formation

Total Vear ha  2,391.82 720.86 490.10 148.99 126.36 110.33
area % 60.0 18.0 123 37 32 2.8
1893 ha 174475 70272  434.62 90.48 76.57 53.25

% 437 7.6 10.9 2.3 1.9 13
Area 1929 ha  1913.07 720.37  485.04 140.89 102.93 45.75
under % 48.0 181 122 35 2.6 1.1
forest 1971 ha 204523 718.54 483.15 139.73 101.94 62.96
% 513 18.0 121 35 2.6 1.6
1985 ha  2,070.16 704.24  485.03 140.41 102.50 66.24

% 51.9 7.7 122 35 2.6 1.7

Note. | — harzburgites (peridotites, serpentinites); Il — granodiorites; Ill — chlorite-epidote-actinolite

schists and metabasites; IV — calcschists and marbles; V — dacito-andensite; VI — sericite-chlorite schists
and metamorphosed sandstones.
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The structure of the space according to geological formation in relation to the total area
of the considered area is relatively homogeneous (Table 2). Of the six different geological
substrates according to the analyzed geological map, harzburgites (peridotites and
serpentinites) are dominant on 60.0% of the total experimental field. Based on changes in
the distribution of forests throughout the analyzed periods, the greatest increase is precisely
on the most abundant geological formation. In this category, in the considered period
(1893-1985), there was an increase in the area under forest by 325.42 ha (70% in relation to
the total increase). The smallest increase of 1.52 ha (0.3%) occurred on granodiorites (with
small variations in the interperiods). This part of the surface is of exceptional importance for
the researched forest area, considering that it is almost completely overgrown with highly
valuable mixed beech and fir forests.

4. Discussion

Changes in the area under forest in the last few decades have also been noted in other
regions of Central Europe, dominantly due to natural succession (Jaworek-Jakubska et al,
2020; Puziené & Anikeniene, 2020). To understand the changes in the analyzed area, it is
necessary to look back at the broader picture of the changes in the state and attitude
toward forests in the past. In Serbia, as in most European countries (Istrate et al., 2023;
Jaworek-Jakubska et al., 2020; Ostafin et al., 2017; Puziene, 2021, 2024; Puziné & Anikeniene,
2020), the changes in a historical context cannot be observed without looking into the
distant past, when the borders of the states were intensively changing, which undoubtedly
had consequences. Part of Central Serbia, from the period when the first analyzed
topographical map was created until today, essentially does not have this problem. The
geographical areas of Vojvodina, Central Serbia, and Kosovo and Metohija have different
histories and differ significantly according to the structure of forests (Bankovi¢ et al., 2009).
Since the researched area is part of Central Serbia, special attention in this part will be
devoted to this geographical area.

4.1. Changes in areas under forest in Central Serbia

Changing and unstable political circumstances, the structure of forest ownership, unsettled
legal issues, the need for arable land, and changes in the structure of the rural and urban
population are historical circumstances that indirectly and directly influence changes in the
condition of forests. The different periods had varying levels of importance for the forest as
a socio-economic resource, ultimately having a dominant effect on its condition.

By examining the sheets of the first topographical maps of the border territories at the
time by Geografsko odeljenje Glavnog Generalstaba Srpske Vojske (1910-1916), the
mountain areas that are now mostly under forest did not have such a status at the end of
the 19th and the beginning of the 20th century. This was indicated by the description
(Bordevi¢, 1914) and the Forest Map of the Liberated Areas from the beginning of the 20th
century (UroSevi¢, 1914). The above refers in particular to the then border mountain belt
between Serbia and Turkey (Tara, Zlatibor, Zlatar, Jadovnik, Ozren, Javor, Golija, and
Kopaonik Mountains). Bordevi¢ (1900) stated that, during the period of the First and Second
Serbian-Turkish (1876-1878) and Serbian-Bulgarian (1886) wars, the largest part of the forest
was destroyed in the area of 122,805 ha. The attitude of destruction toward the forests in
that period was evidenced by one of the oldest preserved expert texts on the condition of
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forests (Bogdanovi¢, 1880). The main problems of their destruction were felling (for the use
of wood) and burning of forests (to increase arable land), unsettled property relations, and a
sudden increase in the number of the population in that period. The state, municipal, and
village forests, as well as private forests were equally destroyed (Bordevi¢, 1900). Of the total
area of Serbia at the time (1893) of 4,830,260 ha, Dordevi¢ (1900) stated that 1,546,000 ha, or
32.0% of the total area, were forests and forest lands. Based on the interpretation of Jeki¢
(1928), the mentioned area (forests and forest land) also included pastures (4%), barren
areas (2%), karsts, and rocky areas (1%), which indicates that in that period there were 25.0%
of the total area. Data from 1989 indicate an increase in forested areas throughout the 20th
century (Jovi¢ et al,, 1992). For Central Serbia, on the area of 5,596,800 ha, the area under
forest was 1,790,000 ha, or 32.1%. According to recent data from the first national forest
inventory (Bankovic et al.,, 2009), in Central Serbia, the area under forest was 2,098,400 ha or
37.6%. The latest data from the second national forest inventory from 2023 (Cuchietti et al.,
2023a) show higher values. On the surface of Central Serbia, 2,684,344 ha or 48.0% are
under forest. Regardless of the relatively comparable scope of consideration, debatable
interpretations of the concept of forest over different periods, the highlighted values clearly
indicate the trend of the increase of the area under forest in Central Serbia from the first
available data until today.

Since there are no data for the level of Central Serbia for the period from the middle of
the 20th century, the available information for the territory of Serbia (with Vojvodina and
Kosovo and Metohija) will be listed. According to statistical data from 1938 (Jovi¢ et al. 1992),
the area under forest was 2,026,000 ha or 23.3% (overgrown area of 1,776,300 or 20.0%).
Similar data were obtained from the forest inventory conducted in the period from 1946 to
1949 (Milojkovi¢, 1958). The area under forest was 2,104,000 ha or 23.8% (overgrown area of
1,706,000 ha or 19.3%).

In contrast to the previous values, which record positive changes, the area of forest per
inhabitant is a parameter with a variable trend of change. Bordevi¢ (1900) stated 0.66 ha per
inhabitant, while Jeki¢ (1928) stated 0.56 ha per inhabitant according to the 1910 census. In
the middle of the 20th century, the forest area per inhabitant for the level of Serbia was 0.23
ha according to the number of inhabitants in 1956 (Milojkovi¢, 1958), and at the end of the
century (1990) it was 0.24 ha (Jovi¢ et al. 1992). More recent research (Bankovi¢ et al., 2009;
Cuchietti et al,, 2023a) states different but slightly higher values (0.30 ha per inhabitant in
2009, 0.43 ha per inhabitant in 2023).

Modern analyses of available data sets based on satellite images do not indicate major
changes in the area under forest in the last two decades. Analyses in short periods are not of
particular interest for these studies, but they are cited as one of the indicators of the
development of the state of forests. According to satellite images from 2000 to 2019 (Cuchietti
et al, 2023b), there was a slight increase in the area under forest at the level of Serbia (with
Vojvodina and without Kosovo and Metohija) by 39.30% (3,048,385 ha) to 39.64% (3,074,568
ha). In absolute terms, there was an increase in the area under forest by 26,181 ha. According
to similar analyzes for the level of Serbia with Kosovo and Metohija for the period from 2000
to 2018 (Tesi¢, 2022), an increase of 30.8% (2,726,921 ha) to 31.2% (2,760,349 ha) was
determined. In accordance with these data, the increase amounts to 33,428 ha. The authors
report insignificant positive trends of changes, but significantly different values. The data based
on satellite images differ significantly from the values obtained by surveying the forest.
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4.2. Changes in areas under forest in the researched area

The state of the forests of the researched area was first described by Bordevi¢ (1900), who
introduced the general public to the characteristics of the modest coniferous vegetation
(8%) in the Kingdom of Serbia and described the large fir forest on Go¢ Mountain.
According to the planning document for the management unit “Go¢-Gvozdac” (Uredajni
zapisnik, 1950), the area under forest was 89.0% of the total area. In the next operating
period, the management unit was divided into two units, which made it impossible to
reliably monitor changes. According to the current forest management plans of this area
(Osnova gazdovanja Sumama, 2018, 2021), the area covered by forest is 94.5% of the total
area. These data are in agreement with the values obtained on the basis of processed spatial
data sets of land cover from 2021 (Zanaga et al., 2022) for this area. The area "covered by
tree crowns” is 95.1% of the total area. Comparing this value with the previous state
according to the topographic map from 1985, there was an increase of 5.8% (0.161% per
year), which are values that are in agreement with the established trend of increase (Figure 4).

100

Forest area (%)

1989 1929 1974 1985 2021
Years

Figure 4. The long-term trend in the percentage of forest area including
the latest land cover data (2021).

In the period between 1893 and 1929, the large increase in the area under forest can be
explained by the relatively mosaic arrangement of forests and the existence of potential
space for its expansion, the composition of tree species (fir, black pine and birch), and the
nature of their seeds (dispersal by the wind). Furthermore, the change in the situation was
significantly influenced by the adoption of legal acts defining the attitude toward forests (the
first law on forests from 1891) and the increasingly controlled conditions of wood
exploitation through the development of the forest management system. In the following
periods, the greatest influence on the positive trends of increase was achieved by man
through the afforestation of non-vegetated forest areas.

The state of the forests before 1893 can only be discussed based on the toponyms of
this area, which were certainly created before they were entered on the topographic maps,
and which have had continuity since the first one was created. According to the recorded
toponyms (phytonyms, oronyms, hydronyms) that indicate the presence (absence) of certain
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types of trees, we noted the following: In the western parts of the area, we noted the
presence of pioneer forests of pine (Borovita kosa) and birch (Brezovita kosa, Brezjak), while
in the eastern part we noted the presence of climate-regional forests of beech (Bukovac)
and fir (Ravni jelak, Jelace, Vlasic). In the same way, we noted the absence of forests in the
period of their creation (Goline, Celavi breg, Cvetalica, Celavi potok, Kréanik, Prénjaca, Cukar,
Zli Cukar, Velika livada). Thus, with significant reliability, it can be stated that the investigated
area in relation to the presence, arrangement, and meaning of the recorded toponyms was
to a significantly lesser extent covered by forest; especially as the toponyms from the first
topographic map that indicated its presence (and particularly its absence) were mostly under
forest. In current circumstances, toponyms that indicated the absence of forests in the past
provide significant information about the characteristics and the habitat where it developed.

There is a lack of comparable literature data for the obtained area on the intensities of
change at the annual level in absolute and relative amounts. In similar local studies (Istrate et
al., 2023; Puziené & Anikeniene, 2020), the absolute values of increase are generally not
comparable, although the changes have the same increasing trend. The positive changes
were undoubtedly influenced by the declaration of the area as an experimental field in 1956.

5. Conclusion

A long period has passed since the first descriptions of the condition and characteristics of
forests in Serbia on a relatively subjective level until today. The first topographic maps,
created more than a century ago showing the distribution of forests, as well as their
subsequent editions, were not properly used in the age of available information
technologies. In the paper, the mentioned advantages of topographic maps were used to
more appropriately consider the question of the change of the area under forest in a
historical context on a relatively modest surface coverage. The increase in the area under
forest according to the conducted research in the selected locality has the following
characteristics:

e In the period from 1893 to 1985, the area under forest increased from 77.6% to 89.3%,
i.e. 11.7% of the total area. In absolute values, the increase is 466.22 ha (from 3,094.29 ha
to 3,560.51 ha);

e In the period of the 92 years of consideration, the average annual increase was 5.06 ha.
The annual rate of increase, absolute and relative values decreased over time. The
largest increases were achieved in the first period (1893-1929), and the smallest in the
last one (1971-1985);

e According to the current state (planning documents, spatial data sets) in relation to the
reference year of observation (1893), there was an increase in the area under forest from
77.6% to 94.5% (planning documents), i.e. 95.1% (spatial data of land cover). In the past
period of 128 years, the increase is 16.9% (17.5%);

e The results of the change in relation to the geological base, in addition to the dominant
increase in the part covered by peridotites and serpentinites (70%), indicate another
significant fact. Part of the best quality mixed forests of beech and fir on granodiorites
(720.86 ha) was almost continuously overgrown with forest (1893 — 97.5%; 1929 — 99.9%;
1971 — 99.7%; 1985 — 97.7%). In addition to the favorable habitat conditions for the
development of the forest on this formation (rocks of Neogene age, altitude), this fact
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was significantly influenced by the defined management system developed in the
specific locality. In the scientific and professional sense, this is the most significant
contribution of man to the preservation and maintenance of this forest area;

o Practically, during the 20th century, a continuous increase in the area under forest was
realized in the area of the experimental field.

Analyses of changes in forested areas based on topographic maps should be viewed as
a reliable historical resource that objectively ascertains the state through different periods.
At the same time, they are potentially applicable at the level of Central Serbia, given the
established indications of trends and the availability of data. In the time of availability of
satellite images and modern geoinformation systems, this category can lose its primacy only
under the condition of using their capacities in full, which requires significantly more
invested intellectual effort and time. It also refers to the length of the period for
consideration of changes. The research attempted to use the quality of available information
on topographic maps (extensive and demanding research) and the advantages of modern
available technology for their processing. As pioneering research, in a certain sense, the
activities carried out have significance in application to other areas of interest. In this way,
we can make forest management planning more reliable, given that reliable information can
be provided in a clear way about the trend of changes in the basic parameter of the state of
the forest.
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