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Abstract: Effective forest management systems based on comprehensive tools need to be developed
for the analysis and assessment of forest cover change. This requires a wide range of data, starting
from old maps, which allow the reconstruction of spatially referenced information on past forest areas,
to recently collected data. The research methodology proposed in this paper involves a combined
analysis of data from different sources, using statistical, comparative, and visual analysis methods.
The case study is Jurbarkas District of the Republic of Lithuania characterized by a high land
productivity score. The research found that the highest forest cover areas were in the 19th century
and the lowest in the 20th century. It can be seen that during the period under research, forest areas
‘migrated’ from an area favorable for agricultural activities to a less favorable area with higher slopes.
Permanent forest cover areas and the age of the dominant trees have been identified. The age of the
trees in the forest areas has allowed for the identification of the periods when the most intensive
logging took place. The rate of forest cover change made it possible to predict the total disappearance
of the forest areas provided that the factors influencing forest cover change at that time remained
unchanged. If the trends in forest change in Jurbarkas District had been maintained in the period
between the 19th and 20th centuries, the forest would have disappeared in 2006.

Keywords: historical GIS; forest cover dynamics; military topographic maps; CORINE Land Cover;
rate of change in forest cover area; permanent forest areas; spatial and statistical analysis

1. Introduction

Changes in vegetation affect climate due to biogeophysical effects such as changes in
albedo and heat fluxes [1,2]. Ongoing large-scale changes in the Earth’s surface affect large-
scale atmospheric circulation. The more forested the area is, the greater the positive effect
and vice versa. Uncontrolled deforestation on a large scale negatively affects microclimate
and climate change [3]. The analysis of the changes in the cover makes it possible to
evaluate trends in the carbon accumulated in the biomass and changes in biodiversity [4].
Due to the current climate change process, it is important to understand the past forest
coverage of the territory as accurately as possible. This is useful for studying the impact of
surface cover change on the environment, creating models for predicting possible future
processes and planning actions for the purpose of reducing climate change.

Currently, the cutting of forests growing in middle latitudes is not very significant,
except for the territory of Russia [5]. The largest diminishing in forest areas occurs in
tropical forests [6]. Forests in the middle latitudes have already experienced the main wave
of destructive anthropogenic impact and their areas have stabilized [7]. Large areas of
agricultural land have already been deforested for agriculture and other purposes in most
European countries; meanwhile, these processes are still ongoing in tropical forests [8,9].
By studying the processes of anthropogenic deforestation in Europe and their consequences,
it is possible to predict the consequences of tropical deforestation and the likely future ratio
of forest and non-forest areas. It also allows us to better understand the processes of forest
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diminishing that occurred due to anthropogenic impacts, control these processes, and plan
forest restoration.

Forest areas in Europe have been affected by many factors for a long time [10].
The most important of these factors, given that the climate has remained relatively con-
stant for 4500 years, has been an anthropogenic effect. The current structure of forests,
the occupied areas, the configuration of the areas, and the distribution of tree species reflect
the result of the effects of deforestation, spontaneous regrowth, and replanting that have
taken place over the years [11-14]. As the human population grew, the need for wood
to meet various needs, such as fuel, construction, tar production, etc., increased [13,15].
Forest cover occupied land areas needed for agriculture. The first more intensive efforts to
reduce forest areas began to meet the needs of agriculture when there was a need to convert
the land occupied by the forest into land areas used for agriculture [16]. The change in
forest areas did not take place in isolation from the increase in the areas needed for animal
husbandry and agriculture; it was tightly connected with the change in the scale of these
activities. However, as long as the human population was relatively small, the effect on the
area forest coverage was not very significant and increased proportionally to the increase
in the human population [13].

Population growth and the impact on forest areas are not the same in all European
countries and have been predetermined by various reasons [13,17-19]. The biggest jump in
population growth during the industrial period occurred due to the progress of science,
leading to the development of industry, the development of urbanized territories, and the
application of more advanced tools and methods in agriculture.

Most states did not have a targeted legal base that would apply the legal regulation
to felling and the protection of forest areas, taking into account ecological indicators and
the aspiration of maintaining a certain percentage of the forest coverage of the country’s
territory until the 20th century. As a result, forests in Western Europe were cut down
in most areas in the pre-industrial period; in some countries, the forest coverage of the
territory has become small because forests have given way to areas of arable land and
pastures [13]. Forest coverage depends on the amount of land suitable for agriculture in
the territory of the country. In Norway where there are many mountainous areas, the lands
suitable for agriculture were utilized, while the unsuitable ones remained overgrown with
forest. Since there was not much land suitable for agriculture, the territory of the country
remained forested [13].

Dynamics of forest cover were different in different countries over time, determined by
historical and socioeconomic reasons [13,20,21]; therefore, in order to get a complete picture
of the change, it should be examined in more local areas, without generalization of regions.
The forest coverage was quite high in the territory of the Republic of Lithuania compared
with Western Europe, although the area was suitable for the development of pastures and
agricultural activities. In the study of Kaplan et al. [13], the territory of the Republic of
Lithuania is studied as a single research unit together with the republics of Latvia and
Estonia. It was determined that there are 35.1% of land suitable for agriculture in this
territory. There was 93% of forest areas on the land suitable for farming in 1000 BC, 91.8% in
500 BC, 84.4% in 1 AD, 77.9% in 500 AD, 71.7% in 1000 AD, 37.2% in 1350 (plague pandemic
period), 43.9% in 1400 AD, and 6.1% in 1850 AD. This study reveals the general trends
of forest cover loss on this territory; however, it is a generalized study that covers three
states as a single unit and does not reflect the situation in Lithuania. In order to learn the
processes that took place more thoroughly and understand their trends, the study should
use local territories and more accurate and less generalized data that can be obtained from
contemporary studies, statistical data, and cartographic material. After the examination of
the statistical data and the contemporary studies, it can be said that there were much more
forests in the territory of Lithuania [15,22].

Scientists use different methods to study forest change: they study lake sediment,
pollen deposits, historical data, statistics, historical military topographic maps, etc. [23-28].
Topographic maps are great sources of information as they are a unique image of the area
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mapped out at a given time. They capture spatially oriented information; examining the
old military topographic maps makes it possible to look at the surface cover that existed at
that time [29-39]. Comparison of the information in the maps compiled chronologically,
it is possible to monitor changes over time. Various scientists use this material as a source
of information to study landscape changes, cover changes, urbanization development,
etc. [39—47]. Remote monitoring data can be used in a complex way. The use of historical GIS
technology allows us to spatially orient all data obtained from different sources according
to a unified system, unify the data format, and perform modelling, spatial, and statistical
analyses. This helps better understand the processes, dynamics, and trends that took place.

In order to plan forest areas and implement their regulation, it is important to know
and understand trends of their change, understand which forest areas have remained
unchanged over the centuries and how many areas have been cut down/replanted. In dif-
ferent regions, the trends of forest cover area change are different [27,48-54]. This study can
help understand the importance of the application of historical GIS technology to study-
ing the extent of forest cover change and the factors influencing it in Eastern European
countries. These countries are related by similar historical and environmental conditions.
Estonia, Latvia, Lithuania, and Poland are in the same climate zone, have similar areas of
land suitable for farming, and have a similar history. They were all part of the Russian
Empire since the 19th century. Exploitation and maintenance of forests were influenced
by the same legal base and the same state interests. So there were very similar factors at
work here as the same policies were applied to forests at the same time, except for the short
period between the two world wars.

The aim of the study is to improve the methodology of assessing the dynamics of real
forest cover, applying historical GIS technologies, using various data sources and data of
different origins in a complex way.

The novelty of the paper is that it proposes a methodology for the analysis of forest
cover change, using data from different sources: old topographic maps, CORINE Land
Cover dataset, and forest cadastral database. The methodology uses identification of areas
favorable for agricultural activities according to the geomorphological parameters of the
territory; analysis of changes in the forest cover; analysis of the age distribution of trees
growing in the forest, which allows for the identification of the periods of intensity of
logging; identification of the correlation between the geomorphological parameters of
the territory and forest cover; the rate of forest cover change in areas of different slopes
(during the periods studied); the rate of forest cover change and the forecast of the disap-
pearance/doubling of forest areas without changes in the factors that have influenced the
dynamics of these areas; the identification of areas of stable forest cover; and the analysis of
the age of the trees that grow in them. This methodology, involving the integrated use of
data from different sources and the application of different research methods, is new and
has not been applied in the work of other researchers.

Military topographic maps from different years, forest cadastral database, LIDAR data,
Corine Land Cover dataset, and orthophoto images were used in the study.

Jurbarkas District of the Republic of Lithuania was chosen for the case study as the
land there has a high productivity score; part of it belonged to two different states in the
course of its history. The latter factor allows us to compare the impact of different forest
management guidelines on forest cover dynamics in the course of history. The use of
historical GIS helps us understand the configuration and dynamics of the forest cover, as
well as establish links with the geomorphology of the territories.

2. Materials and Methods
2.1. Field of the Research

The aim of this study was to carry out monitoring of forest cover change and its trends
over the longest possible period of time with the use of different data sources; application
of historical GIS technologies; and spatial, statistical, and analysis methods, including the
analysis of data of different origins in a combined manner. In most cases, only one type
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of data source is used for studies of the forest area change. It can be maps, cadastral data,
pollen remains, and other things depending on the research methodology. Also, the past
and present forest cover of the territory is often assessed separately. This narrows the scope
of the results and prevents researchers from obtaining a complete picture of changes in
forest cover and the identification of change trends. This article, through the application of
the methods of historical GIS analysis, proposes to apply a complex methodology of data
use, including former forest coverage that was present over a period of 158 years, forest
coverage that is currently declared, and an actual one are estimated by combining different
data sources. The areas of permanent forest cover were determined and the age of the trees
was analyzed. This proposed research methodology makes it possible to evaluate past and
present situations comprehensively and perform an analysis of changes in forest cover over
a period of a couple of hundred years or more. The research period is limited only by the
availability of data.

The research area was selected using the case analysis and taking the administrative
unit of the Republic of Lithuania in order to demonstrate the proposed methodology for
the assessment of changes in forest cover. First, the decision was based on the choice
of administrative division of the territory since it has changed several times in the last
200 years. In order to make the territory chosen for the study more suitable to the modern
user, the current administrative division of the territory was chosen for the case analysis
(Figure 1). The current Republic of Lithuania is divided into 60 administrative units—
district municipalities (Figure 1). Jurbarkas District, located in the middle part of Lithuania,
was chosen for the case analysis through the application of the criteria listed below.
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Figure 1. Administrative division of the Republic of Lithuania and Jurbarkas District (with land
productivity scores in them).
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Jurbarkas District occupies an area of 1507 km?, population density is 17 people/km?.
There is KarSuva forest in the western part, since ancient times. Vie$vilé State Nature
Reserve has been established there. The forest itself is included in the network of Natura
2000 sites. Economic activity has been suspended in some of the state-owned forest plots.

The following criteria were applied when choosing the location of the case study,
in order to select the most optimal region:

Criterion I. After reviewing the studies published by other researchers about the
shrinking of forests in Europe, it can be seen that in research papers [10,13,36,38,45,47,54],
the shrinking of forests is associated with anthropogenic activities and the size of areas suit-
able for agricultural activities. In order to investigate the extent to which the productivity
score influenced the change in forested areas, the land productivity score was taken into
account when choosing the research area; therefore, an analysis of the districts was carried
out according to the size of the prevailing land productivity score. The land productivity
score in Lithuania is from 27.16 to 55.27 (in elderships) (https://www.geoportal.lt/map/#,
accessed on 3 March 2022). There are no data for one eldership (Figure 1). The aggre-
gated productivity score in the district municipalities ranges from 28.32 to 51.64. The
study grouped productivity scores in 5-point increments starting at 27.1. Five groups were
obtained (hereinafter—gr.):

L. 27132
II. 32.1-37
. 37.1-42
IV. 42.1-47
V. 47.1-52

The grouping of districts according to these groups is presented in Figure 2.

40.0
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"
=
g 200
o ‘ i
(a N
10.0 ‘ ’ | \ |—|
0.0 —
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Figure 2. Percentage distribution of municipalities according to soil productivity score.

Out of all 60 municipalities, only 11.7% (7) fall into the group with the highest pro-
ductivity (47.1-52) scores. It can be seen on the map (Figure 1) that the eastern part of
the Republic of Lithuania has the most infertile lands (Group I-II), while the middle of
the country has the most fertile ones (Group IV-V). Therefore, one of these municipalities,
specifically Jurbarkas District, was chosen for the study. It is in Group V according to
the productivity score as it is an extremely attractive criterion for the development of
agricultural activities.

Variation of productivity scores in neighboring administrative units—from groups V to L

Criterion II. The aim was to choose an administrative unit within which the pro-
ductivity score would vary from low to high so that the study would be carried out in
geographically very close areas but with different attractiveness for the development of
agricultural activity. The territory of Jurbarkas District meets this criterion. It is divided
into 12 elderships: Viesvilé, Smalininkai, Jurbarkas City, Jurbarkai, ErZzvilkas, GirdZiai,
Simkai¢iai, Raudoné, Veliuona, Skirsnemuné, Juodaidiai, and SeredZius. Nine elderships
(75%) have extremely fertile soils (Group V), and three elderships fall into the group of
not very fertile (16%) or medium fertility (8%) soils (Viesvilé, Jurbarkas City—Group I,
Smalininkai—Group III) (Figure 1).
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Criterion III. The priority was given to areas of forest cover that have survived since
ancient times when choosing a research case so that it would be possible to study the
changes in the area of forest massifs that have existed since ancient times under the
influence of different policies of forest management. Forest areas, in an ideal case, have
historically belonged to different states with different concepts of forest management. These
are precisely the conditions in the selected district.

There is the Kar$uva forest that has existed for more than 600 years in the western part
of Jurbarkas District (in the elderships of Viesvile, Smalininkai, Jurbarkai, and Erzvilkas).
It is the fourth largest forest massif in Lithuania, located in Jurbarkas District and the
neighboring Taurage District. These locations have been unfavorable for agriculture since
ancient times—barren, swampy soil. These were almost uninhabited areas throughout the
historical period, serving as a dividing line between tribes and, therefore, little affected
by anthropogenic activities. This forest was mentioned in written sources in 1422 during
the demarcation of the state border that separated the Teutonic Order from the Grand
Duchy of Lithuania [55]. This border passes through Smalininkai Eldership (Figure 3a).
The parts of the forest found in different states were used very differently. Cultivation of
the historic E. Prussia side started earlier, and it was much more intense. The Lithuanian
side was used much less, with the first larger settlements appearing only in the 17th-18th
centuries. Planned management of the forest began here only after 1863. In Figure 3b,
differences in the use of the forest can be seen on both sides of the border—clearings were
cut on the German side, and no signs of methodical forest management can be seen on the
Lithuanian side. This should be a very important aspect during research as it would allow
for the comparison of the change in forest areas with different use.

State border (recorded in
cartographic material of the 19th
century)

(a) (b)

Figure 3. KarSuva forest: (a) the location of the former interstate border in Jurbarkas District,
(b) a fragment of the KarSuva forest, separated by the interstate border.

2.2. Data Sources

The following data sources were used for the research: old military topographic
maps, Corine Land Cover dataset, forest cadastral database, orthophotos, and LIDAR data
(Table 1, Supplementary Materials). These data cover a period of 158 years.
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Table 1. Data sources of forest areas from the 1st half of the 19th century to the 1st half of the

21st century.
No. Data Example Data Source
1 Old topographic maps, 1860. https:/ /www.maps4u.lt/1t/maps.php?cat=20
Updated in 1865 (accessed on 1 January 2021)
» Old topographic maps, 1933-1940. https:/ /www.geoportal.lt/map/
Updated in 1938 (accessed on 1 January 2021)
3 Old topographic maps, 1988. https:/ /www.geoportal.lt/map/
Updated in 1983 (accessed on 1 January 2021)
https:/ /www.geoportal.lt/geoportal /naujienos/
CORINE Land Cover 2018, -/ asset_pjubhsher /sUiF20Ur705t/ conter}t / 2018
4 -metu-corine-zemes-dangos-duomenu-rinkinys-
(CLC18_LT) .
jau-geoportal-1t
(accessed on 1 February 2021)
https:/ /www.geoportal.lt/geoportal / valstybine-
misku-tarnyba#savedSearchld=%7B5CA476B2
5 State forest cadastral data, 2021 -E876-4B39- A16B-C10FDF4009B9%7Dé&
collapsed=true
(accessed on 1 January 2021)
6 Orthophoto maps, 2021 ArcGIS Desktop (10.8.1, ESRI, Redlands, CA, USA)

Basemap (Maps.lt orthophoto LKS)
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This paper uses maps from different periods, scales, and authors. It is therefore
recommended to carry out a map uncertainty study prior to the research. Uncertainty
analysis is difficult for maps from the 19th and the 1st half of the 20th century. Fixed points,
by which it would be possible to measure deviations in the representation of objects on
maps, are questionable (surviving objects were selected for the orientation of the maps;
however, for that reason, these points are no longer suitable for the study). The great
socioeconomic changes that took place after the occupation radically changed the image of
the area. There were large-scale deportations, collectivization, land reclamation, and people
were moved from homesteads to settlements, homesteads vanished, and settlements were
rebuilt. If a homestead survived, the wooden huts were likely rebuilt due to wear and
tear, possibly elsewhere. River beds were straightened in most cases. Roads changed their
location in many places, some disappeared, and others were built anew, by laying asphalt
or gravel surfaces, in places convenient for logistics. In order to carry out a high-quality
analysis of the uncertainty of such maps, it is necessary to carry out a study of the history
of individual places, verifying the material in the archives and interviewing older local
residents about the geography of the preserved old objects of the area. The data on the
map from the 2nd half of the 20th century are more reliable as most of the objects have
survived. This topic is worthy of a separate study as it has been little researched. This
is a problem for Eastern Europe because the Soviet occupation changed the pre-Soviet
landscape considerably.

The old military topographical maps are probably the data source that provides
the most information about the objects of the area that existed before. The creation of
military topographic maps began in the territory of Lithuania in the 19th century after the
installation of triangulation networks [56]. Later, the territory was mapped out several
more times, including during the 1st and 2nd halves of the 20th century. The outlines of the
depicted forest areas are generalized due to map generalization and area mapping methods,
but the generalization process does not lead to significant losses of the mapped-out forest
areas. Therefore, it can be stated that micro-changes in the outlines of forest areas do not
significantly affect the results of the study, and the main processes of forest changes are
sufficiently accurate and informative.

Different data sources with different accuracy of data collection were used, but the
results of the study will not be affected by a small difference in the accuracy of the data,
since large areas of forests are studied.

Description of data sources used:

1. Old maps:

(a) Topographic maps of the European part of the Empire of the 2nd half of the
19th century created by the Military Topography Department, edition of 1860-1915. Scale—
3 miles are equal to 1 English inch, which corresponds to a scale of 1:126,000. The map
page is rectangular, 58 x 42 cm; it corresponds to an area of 73 x 53 km at the location.
During the maps’ creation, the works in the military topographic photo were completed
around 1845, the area was reconnoitred, and the data were updated in 1865 (mainly names
of villages and settlements).

(b) Maps of the Lithuanian Military Topography Department of the 1st half of the
20th century, 1933-1940 edition, scale 1:100,000. The maps map out the territory of the
country of that time; the map sheet size is 47 x 45 cm. They were created using available
material (aerial photographs, other maps), without fieldwork.

(c) Topographic maps of the 2nd half of the 20th century, scale 1:50,000, 1988 edition.
Maps with a 1:50,000 scale were made after the updating of mapping data in 1956-1957.
Aerial photos and area survey data were used for the update.

2. CORINE Land Cover database of 2018 (CHA18_LT) (https://www.geoportal.lt/
geoportal/duomenu-paieska#queryText=corine). It was created by automatically merging
databases CLC12_LT and CHA18_LT and interpreting the IRS satellite imagery of 2012-2013
and Sentinel-2 satellite imagery of 2017. The smallest mapped area object is 25 ha; the
smallest mapped area object in the database of changes CHA18_LT is 5 ha (https://www.


https://www.geoportal.lt/geoportal/duomenu-paieska#queryText=corine
https://www.geoportal.lt/geoportal/duomenu-paieska#queryText=corine
https://www.geoportal.lt/geoportal/duomenu-paieska#queryText=corine
https://www.geoportal.lt/geoportal/duomenu-paieska#queryText=corine

Sustainability 2024, 16, 4825

9 of 50

geoportal.lt/geoportal /duomenu-paieska#queryText=corine). This is a vector land cover
dataset divided into 44 classes. There are 30 classes according to the type of land cover and
purpose of use in the territory of Lithuania.

The following covers (marked with codes) were used for the study: deciduous
forests (311), coniferous forests (312), and mixed forests (313). During the study, these
covers were treated as forest cover.

3. State forest cadastral data. The forest cadaster of the Republic of Lithuania collects
data on all Lithuanian forests regardless of their ownership form and protection regime.
The cadastral object is a forest land valuation plot. The vector dataset was downloaded
from (https:/ /www.geoportal.lt/geoportal/); data on tree species, age, and land plot areas
were used in the research.

4. Orthophoto images oriented in the LKS 94 coordinate system. Freely available to all
ArcGIS Desktop users; used for the correction of cadastral data.

5. LIDAR data—digital spatial laser scanning point data of the land surface of the Re-
public of Lithuania (years 2009-2010); obtained from the National Geoportal (https://www.
geoportal .lt/leip-gpp-web/gpp/client-orderGeoproduct?geoProductld=ef755¢95-e879-477
6-92b4-06fe538e243a). LIDAR point clouds are provided for individual areas of the territory
divided into squares. Point density—several points per square meter.

Forest cover areas were recorded in the old topographic maps in 1865 (2nd half of
the 19th century), 1938 (1st half of the 20th century), and 1983 (2nd half of the 20th cen-
tury). Data from the Corine Land Surface database were obtained in 2018 (1st half of the
21st century).

2.3. Land Surface Modelling

The research area is large. Combining all the downloaded LIDAR point clouds into
a single point cloud resulted in a point cloud of about 13 points, occupying 3 GB. The
processing of this data requires very high technical capacity. At the same time, it can
be noted that the study does not need such a high density of points; the study of terrain
features with the accuracy of a square meter with respect to Jurbarkas District is too fine and
pointless. Such features of the microrelief of the land surface do not have any significant
influence on the research results. The program code for point thinning is written in the
Python (3.8.10) programming language to solve the problem. Point thinning is performed
for individual squares.

By thinning the points using Python code (Supplementary Materials), only every
thousandth point was added to the newly created point cloud. The point cloud visualized in
the GIS (ArcMap 10.8.1) program before thinning and after thinning is presented in Figure 4.

Figure 4. LIDAR point cloud: (a) before thinning, (b) after thinning.

The clouds after point thinning are “cropped” according to the territory of Jurbarkas
District and merged into one point cloud with the help of a GIS program. The final score
was 726,402 points.


https://www.geoportal.lt/geoportal/duomenu-paieska#queryText=corine
https://www.geoportal.lt/geoportal/duomenu-paieska#queryText=corine
https://www.geoportal.lt/geoportal/duomenu-paieska#queryText=corine
https://www.geoportal.lt/geoportal/
https://www.geoportal.lt/leip-gpp-web/gpp/client-orderGeoproduct?geoProductId=ef755c95-e879-4776-92b4-06fe538e243a
https://www.geoportal.lt/leip-gpp-web/gpp/client-orderGeoproduct?geoProductId=ef755c95-e879-4776-92b4-06fe538e243a
https://www.geoportal.lt/leip-gpp-web/gpp/client-orderGeoproduct?geoProductId=ef755c95-e879-4776-92b4-06fe538e243a
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2.4. Research Object

The term “forest” differs in different countries and may differ even within the same
country, depending on the change in the legal base, the consideration by the society, and
the understanding of the linguistic term. When applying the term “forest”, the forest areas
identified during the study can differ quite significantly. Therefore, the research needs to
define term “forest”.

Legally, the concept of a forest in the Republic of Lithuania is defined by the law on
forests—the cadastral database includes data consistent with this interpretation. Currently,
the forest is legally defined in the Republic of Lithuania as follows: “land area of at least
0.1 hectare covered with trees with a density of at least 0.3 and the height of which in
the natural habitat at maturity reaches at least 5 m, including other forest vegetation, as
well as an area of land of at least 0.1 hectare where the stands have thinned or there are
temporarily no trees due to human activity or natural factors (forest sites to be planted,
clearings, dead stands). Groups of trees located in fields, roadsides, near water bodies,
residential areas and cemeteries, greenery planted on road lanes, trees and bushes growing
on non-forestry land plots managed by the public railway infrastructure manager under
the right of trust, narrow strips of trees up to 10 m wide, hedges, single trees and bushes,
as well as greenery planted on non-forestry land in cities and rural areas are not considered
forests” [57]. As can be seen, the legal term “forest” includes areas of land where there are
no trees, including clear cuttings.

Forest areas represented by the customary symbol “forest” on old maps are simply tree-
covered areas suitable for mapping, depending on the degree of generalization. We have
the same data in the CORINE database in the sense of the term. Orthophoto images also
show tree-covered areas and it is practically impossible to identify areas considered as
“forest” under the law on forests.

Different interpretations of the term “forest” can lead to accounting for different forest
areas; therefore the terms “forest” and “forested areas” will be treated as forest cover areas
in this work and this term will be applied to all data sources used herein.

2.5. Research Methods

The use of historical GIS allows us to study and analyze the data obtained from
different sources, make them available for research, comprehensively examine both mapped
forest cover areas and those obtained from other sources, model surfaces based on LIDAR
data, and perform complex data analysis; it also allows for the data to be converted into
a unified coordinate system.

A schematic representation of the methodological approach is illustrated in Figure 5
below.

LIDAR data | — ¥ | Surface modelling

Analysis of the geomorphological
parameters and forest cover

Military topographic | -» [Data extraction
maps

i

Correlation analysis

Ry

analysis of distribution
of forest cover in territories

&

Analysis of permanent
areas of forest cover *

w

with different slopes

CORINE land cover

database
v

“«[ Analysis of Forest
4| Cover Change i Analysis of the rate of
change of forest areas

[

\_|[State Forest Cadastral
data

Figure 5. Overall methodology adopted in this study.
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ArcGIS Desktop software was used for the study. Cartographic and thematic layers
installed in ArcMap are as follows: digital copies of old maps, CORINE land covers, forest
cadastral databases, and LIDAR data. A problem was encountered after uploading digital
technology maps of the 2nd half of the 19th century and the 1st half of the 20th century—
they are not oriented in space. Old, unchanged objects in the area are visually identified for
orientation—churches, railway junctions, etc. The history of these objects has been studied.
After the spatial constancy of the objects was verified (there were objects burned during
the war or moved to other structures; they were eliminated from the list of objects suitable
for orientation), their coordinates were determined and the coordination of map sheets
was carried out according to these objects in the GIS program. Maps of the 2nd half of the
20th century were downloaded and coordinated in the LKS 94 coordinate system.

After installing the layers of cartographic material, a geodatabase of forest cover
areas was created. The polygon vectorization method was used for this. The maps were
vectorized manually due to the poor quality of the cartographic material and to avoid
the influence of automatic vectorization errors. This is especially relevant for maps of the
19th century (Table 1). They are black and white, the image resolution of the available
copies is not good, the borders of the objects are partially blurred, and the forests are
represented by circles of different sizes filled with conventional signs. The terrain in these
maps is represented by a criss-crossed pattern, drawn on the conventional forest marks. The
combination of all these factors makes the application of automatic digitization methods
very complicated.

The cadastral database has been adjusted. Forest cadastral data were uploaded into
the GIS program as a layer, and after uploading the orthophoto image layer, a visual
analysis of the cadastral plots divided into ranges according to the age of the trees was
performed. It was established that a relatively large share of the data does not correspond
to the actual situation.

In order to conduct a more accurate study (a number of land plots were identified
where the forest had already been cut down and the data had not been updated), a visual
inspection of all 41,289 land plots was performed to compare them with the image seen in
the orthophoto. It was impossible to visually estimate the age of the replanted forest with
an accuracy of one year from the orthophoto images, but it can be seen that it consists of
seedlings no older than 5 years. The age of the trees indicated in the cadastral database has
been adjusted to 1 year for all such land plots. These land plots fall into range I according
to the age of the trees (see below) where there is no forest cover or the age of the trees is no
older than 5 years.

The land plots are divided into 9 groups according to the age of the dominant trees.
Parentheses contain the years in which the trees started to grow /were planted:

I 0-5years (2017/2022),

II. 69 years (2013/2016),

II. 10-19 years (2003/2012),

IV. 20-39 years (1983/2002),

V. 40-59 years (1963/1982),

VI. 60-79 years (1943/1962),

VII. 80-99 years (1923/1942),

VIIIL. 100-120 years (1922/1902),

IX. 125 years old and more (1897 and more).

All studied groups cover an interval of 20 years. Only groups I, II, III, and IX are
distinguished: I and II—6 and 4, III—9-year intervals. The first two reflect the logging
trends of the last year. Group I was singled out due to the discrepancy between the cadastral
data and the orthophoto image when the database contains data on mature trees, and the
orthophoto image shows clear cuts or areas planted with seedlings of up to 5 years old.
This group makes it possible to obtain areas where there is no actual forest cover. Trees
from the 19th century grow on land plots belonging to group IX.
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The analysis of these groups was carried out with the help of historical GIS, using
selection methods according to attributive queries, to determine the areas occupied by them.

The geomorphological parameters of the territory were modelled and their compar-
ative analysis was carried out using spatial analysis methods. The heights and slopes
of the territory and slopes in relation to the cardinal directions were determined. A cor-
relation analysis of forest cover areas and various parameters was performed, p-values
were determined, and the reliability of the analysis of the obtained correlation coefficients
was evaluated.

The rate of change in forest cover areas was calculated after determining the forest
cover areas in the periods in question (1):

vi= (S — Su)/(t — t1) (1)

where vi—forest cover change rate, t;, t)—year, Sy, Syp—forest cover areas (ha) in years t;
and t,.

Permanent forest areas were discerned with the help of the GIS-integrated Clip func-
tion, and the places where the forest grew during the entire studied period were determined.
These are places where no activity of anthropogenic origin has ever been carried out and
which have not been affected by factors of other origin that led to the shrinking of forest areas.

3. Results
3.1. Analysis of the Geomorphological Parameters of the Area

In order to better understand the evolution of the forest area change and its depen-
dence on the features of the land surface, a study of the links with the topographical and
geomorphological parameters of the area was conducted. This helps answer the “where”
question when studying the expansion/diminishing of forest areas. It also helps determine
the links between these topographic parameters, which determine the attractiveness of
the territory for agricultural activities and, historically, had the greatest influence on the
change in forest areas, and the changes in the area of forest cover. By applying GIS software,
using the cloud of LIDAR points and the IDW modelling algorithm, a raster model of
the altitudes of the land’s surface was created (digital terrain model—DTM). Its spatial
resolution is 3.14 x 3.14.

A model of surface slopes (in degrees) was created from this model. Next, the slope
was reclassified according to the orientation in relation to the cardinal directions (directions:
north, northeast, east, southeast, south, southwest, west, northwest). The obtained geomor-
phological parameters were reclassified and converted into tables. A statistical analysis
was performed using the obtained data. All quantitative land surface parameters processed
with GIS software and expressed by raster maps are presented in Figure 6.

It can be seen in Figure 6a,b that the altitudes in Jurbarkas District change from 8 m
to 92 m, from east to west. The altitudes vary quite evenly, with the lowest points in the
eastern part and along the Nemunas River and the highest points in the western part of
the district.

It can be seen from Figure 6¢ that, bigger slopes of the territories are concentrated on
the banks of the rivers; the biggest slopes are on the banks of the Nemunas River, in the
southern part of the district. Figure 6d shows that the majority of the area is occupied by
areas with a very low slope, respectively:

0°-0.78° =~ 58%

0.78°-2.59° ~ 31%

2.59°-5.18° ~ 6%

5.18°-8.55° ~ 2%

Determination of the slope of the land surface favorable for agricultural activity (small
and moderate) of the entire area (as a percentage) was carried out. Areas with a low
and moderate slope of 0°-13° are assigned to a single interval (a slope gradient of up to
13 degrees can be considered suitable for farming). The remaining slope, which is not
particularly favorable for agricultural activities, is divided into intervals. The intervals have
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been chosen based on the difficulty of cultivating the land and the tendency for erosion
(Figure 6g).

Altitude, m
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Figure 6. Geomorphological parameters of Jurbarkas District: (a) distribution of altitudes of the
land surface, expressed in meters; (b) shares of the land surface slopes, divided into intervals, of
the territory of the entire district (intervals of the slopes are given in the legend of the chart; the
ratio of the area occupied by the slopes to the area of the entire district is presented as a percentage);
(c) distribution of slopes of the land surface (intervals of slopes are given in the legend); (d) shares of
the slopes of the land surface, divided into intervals, of the territory of the entire district (intervals of
slopes are given in the legend of the chart; the ratio of the area occupied by the slopes to the area
of the entire district is presented as a percentage); (e) aspect of the earth surface; (f) shares of slopes
with respect to the cardinal directions of the total area of the district; (g) expression of the slope of the
area in degrees.



Sustainability 2024, 16, 4825

14 of 50

The calculations are presented in Table 2.

Table 2. Distribution of land surface slope in Jurbarkas District.

Slope, Degree Of the Total Area of the District, %
0-13 99.0
13-18 0.5
18-25 0.3
25-35 0.15
35-66 0.05

Areas with a small and slight angle of 0°-13° are assigned to one interval (a slope
angle up to 13 degrees can be considered convenient for agriculture), and the rest of the
angles are divided into intervals (according to Figure 6) and calculations are performed
(Table 2).

It can be seen from the data presented in Table 2, that 99% of the territory (in terms
of angles) is favorable for agriculture. The remaining 1% is only partially unfavorable for
agricultural activities. A steeper angle is observed in only 0.05% of the territory and it is
mostly river banks.

The slope of the territory in relation to the cardinal directions and the size of the sloped
territory as a percentage of the total area occupied are presented in Figure 6d,e. Slopes are
distributed more or less evenly, mostly in the south and north directions.

Jurbarkas District is divided into 12 elderships. The slopes are bigger and the altitude
is lower in the southern elderships bordering the Nemunas River compared with the
northern ones (Figure 6). Therefore, in order to research it more thoroughly, an analysis of
the slopes in individual elderships of Jurbarkas District was carried out. These parameters
allow us to determine the correlations between the geomorphological properties of the land
surface and changes in forest areas.

Slope and aspect models were created for each eldership using GIS modelling capabili-
ties. These models are reclassified by rearranging the range boundaries assigned by default.
Calculated geometric dimensions (areas) of each slope zone are converted into tables, and
these are converted into tables in Microsoft Excel.

The slopes of the land surface in Jurbarkas District elderships are presented in Figure 7.

120
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W 39.10-66.10
80
2 W 29.57-39.10
§ 60 W 22.05-29.57
S @ 15.79-22.05
40 @ 10.53-15.79
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03.01-6.27
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Figure 7. Distribution of slopes in the elderships, % (of the total area of the elderships).
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Angles of 0° to 3° exceed 80% of the eldership area in all elderships, except for the
urbanized area, i.e., the City of Jurbarkas. The slope suitable for agriculture comprises as
much as 98-100% of the total area of the eldership in nine out of twelve districts. There are
between 94 and 98% of such areas in the remaining three elderships. There are only 0-0.1%
of areas unattractive and unsuitable for agriculture where the slope is 39-66 degrees.

The slope of the surface in relation to the cardinal directions in Jurbarkas District
and its elderships are presented in Table 3 and Figure 8. The slope of the land surface in
Jurbarkas District in relation to the cardinal directions is mainly oriented toward the south
and less toward the east.

Table 3. Distribution of land surface aspect in Jurbarkas District.

Distribution of Land Surface Slope in Relation to the Of the Total Area of the
Cardinal Directions District, %
$ (315°-44.9°) 20.1
R (45°-134.9°) 10.9
P (135°-224.9°) 43.2
V (225°-314.9°) 25.8

Aspect intervals,

degree
12.0
10.0 0240-320
8.0 @ 130-240
6.0 m40-130
4.0 m320-40
2.0
0.0
G ) > ’b\ Y R . ’b\ (4 > N2
A\Qéb ) ‘b\ é’b\o ’b&\l. c)&’ 600 6\'\0 ,b\(/\ (Q\)Q ) (\\& . \00(\ ) Q:;\\
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Figure 8. Distribution of slopes in the elderships, % (of the total area of the elderships) in relation to
the cardinal directions.

The angle of the land surface in relation to the cardinal directions is distributed more or
less similarly in all twelve elderships of Jurbarkas District, except for the southern direction:
in the northern direction, 11.8-22.6%; in the eastern direction, 13.1-19.0%; in the southern
direction, 37.1-54.2%; and in the western direction, 16.1-24.7% (Figure 8). This figure shows
the slopes in each sub-district and Table 2 shows the data for the entire Jurbarkas District.

The territory of Lithuania is in the middle latitudes; therefore, the slope of the land
surface to the south is favorable for agriculture—the soil warms up earlier, and plants
receive more solar radiation. It can be seen that the studied territory is quite attractive for
agricultural activities in this regard.

Next, the analysis of the distribution of the altitudes of the land surface was carried
out. Table 4 shows the distribution of heights in Jurbarkas District. The largest part of the
territory is occupied by areas with a height of 40-70 m (64.8%). However, these are not
mountainous areas (Figure 6), and the altitudes change gradually. Again, these are not low,
swampy areas, which increases the attractiveness of the area for agricultural activities.
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Table 4. Distribution of land surface altitudes in Jurbarkas District.
Land Surface Altitudes, m Of the Total Area of the District, %

0-10 0.5

10-20 2.9

20-30 6.2

3040 6.5

40-50 154

50-60 29.2

60-70 23.8

70-80 13.6

80-90 1.9
90-100 0.0

The distribution of the altitudes of the land surface in individual elderships is pre-
sented in Figure 9. Unlike the distribution of slope and aspect values in the elderships
where, perhaps, similar results were observed, in this case, we have a quite different picture.

Elevation of the
Earth's surface,

120 ™ m90-100
100 W 80-90
80 m70-80
60 W60-70
40 W 50-60
20 B40-50
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Figure 9. Distribution of land surface altitudes in the municipalities of Jurbarkas District.

Lowlands prevail in Viesvilé eldership, located in the eastern part of the district, and
higher places prevail in the elderships of Juodaitiai, Seredzius, Simkai¢iai, and Veliuona.

This study of the topographical and geomorphological parameters of the territory
helps us identify areas favorable for agricultural activities. As this activity is one of the
main factors influencing the decline of forest areas, the results of the analysis will be used
in further analysis to investigate the correlation between them and the forest cover area.

3.2. Forest Cover Dynamics Determined from Old Topographic Maps

The use of cartographic material in historical GIS allows us to observe not only the
areas of forest cover but also the logging of forests during mapping, and we can determine
the results of this anthropogenic impact documented in a certain period—the areas of forest
logging; we can also get a picture of the forest areas that existed before logging, the intensity
of logging, and the remaining forest coverage after logging.

The forest coverage of Jurbarkas District elderships was analyzed separately in each
eldership because they differ in various geomorphological parameters that can affect
forest coverage.

A study of forest cover areas that existed in the 19th century was conducted in the
first place using cartographic material. Data about forest areas present in the 19th century
and their logging areas were obtained using historical GIS (Table 5). Maps of forest
cover in the 19th century for administrative units are presented in Figures 10 and 11.
The obtained data were analyzed, and the forest area before logging, areas of logging, and
forest remaining after logging in the 19th century were determined. This makes it possible
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to study the change in forest cover areas recorded in the cartographic material as a result of
an anthropogenic impact.

Table 5. Areas of forest cover in the elderships during the period of the 2nd half of the 19th century
as a percentage of the area of the elderships.

Elderships Area of Fo.rest before Area of F'orest after Area of Logging from Area of Log.ging from
Logging, % Logging, % the Forest Area, % the Eldership Area, %
2nd Half of the 19th Century
Erzvilkas 58.2 57.9 0.6 0.3
Girdziai 67.4 63.4 5.9 4.0
Juodaidiai 51.1 49.8 2.6 1.3
Jurbarkai 69.0 60.6 12.2 8.4
Jurbarkas city 8.0 8.0 0.0 0.0
Raudoné 54.1 51.1 55 3.0
Seredzius 449 444 1.2 0.5
Skirsnemuné 46.8 46.3 1.2 0.6
Smalininkai 14.2 14.2 <0.1 0.0
Simkaitiai 66.2 63.9 35 2.3
Veliuona 62.7 61.9 14 0.9
Viegvilé 67.4 67.4 0.0 0.0
Jurbarkas Distr. 59.9 56.6 4.6 2.7
1st half of the 20th century
Erzvilkas 16.7 16.6 0.7 0.1
Girdziai 28.9 27.9 35 1.0
Juodaiciai 3.8 3.8 - -
Jurbarkai 45.7 45.7 - -
Jurbarkas city 12.3 12.3 - -
Raudoné 15.9 15.9 - -
Seredzius 17.1 17.1 - -
Skirsnemuné 17.5 17.5 - -
Smalininkai 22.4 224 - -
Simkaiciai 21.2 21.2 - -
Veliuona 25.9 25.9 - -
Viegvilé 70.5 70.5 - -
Jurbarkas Distr. 28.8 28.7 0.4 0.1
2nd half of the 20th century
Erzvilkas 22.3 22.3 - -
Girdziai 29.5 29.5 - -
Juodaiciai 17.6 17.6 - -
Jurbarkai 51.1 51.0 0.2 0.1
Jurbarkas city 16.8 16.8 - -
Raudoné 23.4 23.4 - -
Seredzius 31.5 31.5 - -
Skirsnemuné 19.0 19.0 - -
Smalininkai 33.8 335 0.7 0.3
Simkaitiai 25.7 25.7 - -
Veliuona 33.2 33.2 - -
Viegvilé 76.4 76.3 0.1 0.1

Jurbarkas Distr. 35.0 349 0.1 <0.1
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Figure 10. Forest cover maps with visible logging areas for elderships: (1) Erzvilkas, (2) Girdziai,
(3) Juodaiciai, (4) Jurbarkai, (5) Jurbarkas City, (6) Raudoné, (7) SeredZius, (8) Simkaidiai, (9) Skirsne-
mung, (10) Smalininkai (11) Veliuona, and (12) Viesvilé; period: (a) 19th century, (b) 1st half of the
20th century, (c) 2nd half of the 20th century.
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Figure 11. Forest coverage of Jurbarkas District with visible logging areas: (a) 19th century, (b) 1st
half of the 20th century, (c) 2nd half of the 20th century.

It can be seen from the results of the study presented in Table 5 that the forest areas in
10 municipalities occupied 44.9% to 69.0% of their area in the 19th century, before logging.
The forest occupied more than 50% of the area of an eldership in eight out of twelve
elderships with similar forest cover. The area occupied by forest was smaller than in most
elderships only in two elderships: 8.0% in the City of Jurbarkas, 14.2% in the Smalininkai
Eldership. The City of Jurbarkas is an urbanized area, which can explain the small forest
coverage. The area of Smalininkai Eldership was part of the Kingdom of Prussia in the
19th century. These lands were associated with quite actively developed anthropogenic
activities from the 15th century onward—there was a border control point, a port, etc. [58]—
which can be attributed to the lower forest coverage of this area. The average area of forest
cover in the elderships is 50.9% of the area of the elderships. Forest area exceeds 30% in ten
elderships out of twelve.

The total forest coverage of Jurbarkas District was 89,551.6 ha at that time, i.e., as much
as 59.9% of the total area (Table 5, Figure 6a), which is a very good indicator if you look at
it in terms of the objectives of climate change management.

The maps of the 19th century recorded tree logging during the mapping out period
as well. No logging was recorded in only two elderships: Jurbarkas City and Viesvile.
The logging area was less than 0.1% of the eldership of Smalininkai. The largest forest
losses of the total forest area were in the elderships of Jurbarkai (12.2%) and Girdziai (5.9%).
In the remaining elderships, they ranged from 0.6% to 5.5%.
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During the mapping period in the 19th century, 4292.1 ha of forest area was lost
throughout the District of Jurbarkas; that is 4.6% of the total forest area. It would be 2.7%
of the area of the district. The cleared forest areas are presented in Figures 11 and 12. After
visual analysis of Figures 3, 6b and 11, it can be seen that the soil productivity score does
not have a significant influence yet. The largest logging areas are along the state border
near the port of Smalininkai.
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Figure 12. Maps of forest cover recorded in the CORINE Land Cover database for elderships:
(1) Erzvilkas, (2) Girdziai, (3) Juodaiciai, (4) Jurbarkai, (5) Jurbarkas City, (6) Raudoné, (7) SeredZius,
(8) Simkaiciai, (9) Skirsnemune, (10) Smalininkai (11) Veliuona, and (12) Viesvile.
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Bearing in mind that the soil productivity score in this area is one of the best in the
Republic of Lithuania, agricultural activities in this area did not have a significant impact on
the reduction in forest areas in the 19th century. Examining the distribution of forest areas
in elderships in the 19th century allows us to tie the size of the area of forest more closely
to urbanized, densely populated areas where anthropogenic activities are more active.

The forest cover areas shown in the maps created in the 1st half of the 20th century
were identified using historical GIS. Analysis of the data obtained shows forest areas that
are much smaller than those in the 1st half of the 19th century (Table 5). Maps of forest
cover of elderships and Jurbarkas District in the 1st half of the 20th century are presented
in Figures 10 and 11.

A significant shrinking in forest areas is visible in the interwar period—the forest areas
that existed before logging in 10 municipalities occupied 3.8% to 28.9% of their area. The
forest covered an average of 15.9% in eight out of twelve municipalities with similar forest
cover. The area occupied by the forest was significantly larger in two elderships than in
most elderships: 70.5% in Viesvilé Eldership and 45.7% in Jurbarkai Eldership. The smallest
area of forest cover in Juodaiciai Eldership was only 3.8%. The forest area did not differ
in size from other elderships in the City of Jurbarkas (in the urbanized area). The average
forest cover area for all elderships was 24.8%. The forest area exceeded 30% of the area of
elderships in only two elderships.

The total forest cover in Jurbarkas District was 43,228.9 ha—28.7% of the total area
(Table 5, Figure 6b), not even reaching 30%.

Forest cuttings, identified from the maps from the 1st half of the 20th century dur-
ing the period being mapped, are insignificant and are present only in two elderships—
Erzvilkas (0.7%) and Girdziai (3.5%).

A forest area of 153.7 ha, i.e., 0.4% of the total forest area, was lost throughout Jurbarkas
District in the 1st half of the 20th century during the mapping period. It would be 0.1% of
the area of the district. The cleared forest areas are presented in Figures 10 and 11. After
visual analysis of Figures 3, 6 and 13, it can be seen that the forest cover is diminishing
sharply in areas favorable for agriculture.
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Figure 13. Maps of forest cover recorded in the CORINE Land Cover database for Jurbarkas District.
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After identifying and analyzing the forest cover data recorded on the maps of the 2nd
half of the 20th century, the forest cover areas of the administrative units were calculated
as percentages and are presented in Table 5. Maps of forest cover in the 2nd half of the
20th century for elderships and Jurbarkas District are presented in Figures 10 and 11.

An increase in forest areas was observed in the 2nd half of the 20th century compared
with the 1st half of the 20th century, i.e., forest areas before logging in 10 municipalities
occupied 15.4% to 33.6% of their area. After the cuts, they diminished from 15.4% to 33.4%,
respectively. The forest covered an average of 25.1% in ten out of twelve municipalities with
similar forest cover. The area occupied by forest was significantly larger in two elderships
than in other elderships: 70.5% (Viesvilé) and 45.7% (Jurbarkai), respectively. The smallest
area of forest cover in Juodai¢iai Eldership was only 3.8%. The average forest cover area for
all elderships was 31.6%. The forest area exceeded 30% of the area of elderships in only
five of twelve elderships.

The total forest coverage in Jurbarkas District was 52,601.3 ha, i.e., 34.9% of the total
area (Table 3, Figure 11).

Forest cuttings, identified in the maps of the 2nd half of the 20th century during the
period being mapped, are insignificant and are present only in three elderships—Jurbarkai
(0.2%), Smalininkai (0.7%), and Viesvile (0.1%).

A forest area of 50.1 ha, i.e., 0.1% of the total forest area, was cut down throughout
Jurbarkas District in the 2nd half of the 20th century during the mapping period. It would
be less than 0.1% of the area of the district. Cleared forest areas are presented in Figure 11a.

3.3. CORINE Land Surface Cover Database

The data in the CORINE Land Cover database are recorded in the 1st half of the
21st century. The CORINE database was uploaded into the ArcGIS software package, and
then, data processing and analysis were performed. CORINE forest cover was compared
with data obtained from old topographic maps. Three classes were used in the study—
“deciduous forests”, “coniferous forests”, and “mixed forest”, which were combined into
one class “forest cover”. Attribute data were selected according to the codes defining the
forest by applying the analysis methods integrated into the GIS program, and exported
to separate shapefiles. The data format was unified with other available data formats and
data analysis was performed. Forest covers and areas for each eldership and Jurbarkas
District have been determined. The area occupied by forest cover was calculated from the
areas of administrative units, as a percentage (Table 6).

Table 6. Areas of forest cover in the 1st half of the 21st century as a percentage of the area of

the elderships.
Elderships The Area of Forest Cover, %
Erzvilkas 24.1
GirdZiai 26.9
Juodaiciai 17.5
Jurbarkai 50.6
Jurbarkas city 15.3
Raudoné 22.0
Seredzius 33.6
Skirsnemuné 144
Smalininkai 39.2
Simkaitiai 243
Veliuona 33.5
Viesvilé 67.6

Jurbarkas Distr. 33.9
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The area of forest cover in the elderships is 17.5-67.6% of the areas of the elderships in
the 1st half of the 21st century. The average is 30.7%.

The forest covers more than 30% of the territory in five out of twelve elderships. The
forest covers only 17.5-26.9% of the area of the elderships in the remaining eight elderships.

Forest coverage in Jurbarkas District is up to 33.9%. Forest coverage exceeding 30%
is achieved only thanks to two elderships—]Jurbarkas and Viesvilé. The average forest
coverage of the studied territory in the remaining elderships without said two elderships,
would be only 25.7%.

The created forest cover maps are presented in Figure 12 for the elderships and in
Figure 13 for Jurbarkas District.

3.4. Forest Cadastral Data

In the next stage of the study, forest cadastral data were used to monitor forest cover
change in the long term. The downloaded forest cadastral data were uploaded into the
ArcGIS software package and data analysis and comparison with previously conducted
research was performed. The following attribute data were used in this study: forest
area and age. The areas of forest plots in the municipalities of Jurbarkas District and in
the district itself were determined during the research. Analysis of these data aimed to
determine the current officially declared forest area, which does not necessarily coincide
with the forest cover areas and the distribution of forest areas according to the age of the
trees growing in them.

Table 7 presents the area occupied by forest land valuation plots as a percentage of the
municipal areas.

Table 7. Forest areas according to the data from the Forest Cadastre as a percentage of the area of

the elderships.
Elderships Area of Forest, %
Erzvilkas 26.4
GirdZiai 33.2
Juodaiciai 18.9
Jurbarkai 56.2
Jurbarkas city 18.8
Raudoné 25.7
Seredzius 354
Skirsnemuné 20.5
Smalininkai 40.9
Simkaiciai 29.1
Veliuona 36.4
Viesgvilé 82.8
Jurbarkas Distr. 389

Table 7 shows that according to the forest cadastral data provided, the area of forest
valuation plots in the elderships is 18.8-82.8% of the area of the elderships. The size of
the forest areas in Viesvilé and Jurbarkas elderships stands out from other elderships—
82.8% and 56.2%, respectively. The forest area covers more than 30% in six out of twelve
elderships. The average forest area in the municipalities is 35.4%.

The forest area reaches 38.9% in Jurbarkas District.

Additional research was carried out with the help of historical GIS methods. After
dividing the data into groups according to the age of the dominant trees in the plots,
an analysis of the dominating forest areas according to age was carried out. Age intervals
are every 19 years, ranging from 10 to 225 years. In order to distinguish clear cuttings and
newly planted areas, the first ten years are divided into periods of 0-5 and 6-9 years. After
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determining the polygons falling into the relevant age ranges, the percentage of the total
area of the polygon of the forest located in the elderships (Table 8) was calculated.

Table 8. Forest areas of different ages of the total forest area (percentage).
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20-39 14.3 26.8 22.0 20.1 5.8 17.3 13.7 28.0 20.8 20.0 211 11.1 18
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60-79 25.6 14.5 19.2 21.2 19.7 19.9 21.0 15.0 129 15.1 17.8 30.8 21.5
80-99 18.3 13.3 12.5 20.6 17.9 11.2 17.8 6.4 11.8 17.3 13.9 11.7 159
100-119 3.8 3.8 0.4 0.4 19.0 2.6 35 1.9 8.8 3.1 0.7 11.0 39
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Jurbarkas District elderships and Jurbarkas District are dominated by forest areas
comprising trees from 0 to 99 years of age. Forest areas with trees of 100 years of age and
older are few and insignificant. Areas (in eleven out of twelve elderships), when examined
according to the age of growing trees, decrease significantly after reaching the age of trees
of 100 years or more and make up only 0.4-8.8% of the area of elderships. Considerable
areas occupied by 100-139-year-old trees have remained only in the urbanized area, i.e., in
the City of Jurbarkas.

Only three of the twelve municipalities have forest areas with trees older than 160 years.
One eldership stands out—Viesvile—where we can see even small areas with trees over
200 years old.

The distribution of trees by species in the plots (dominated by trees older than
160 years) is as follows:

1.  From 160 to 179 years old: 50% of pines, 16.7% of spruces, 33.3 of oak trees;
2. From 180 to 199 years old: 71.4 % of pines, 28.6 % of oak trees;
3. 200 years and older: 95.7 % of pines, 4.3 % of spruces trees.

The data visualized by the forest cadastre on the maps are presented in Figures 14 and 15.



Sustainability 2024, 16, 4825 27 of 50

e
RL ;e
‘\.‘ a " '
012 4 6 8 10 e —— A . ;Kl\ometsrs“

BN N W Clometers

(1) (2) 3)

P

?/% T o

N Y

\\{ - —

e
e 2
-,

e . {7
Y L o -
700306 12 18 24 3
- Kilometers 00.7515 3 45 6 75

B W W—ilometers

(4) (5) (6)

012 4 6 8 10
W — lomet

o g
I ’
= P
0o 1 2 K 8 10
Kilometers

0051 2 3 4 5

Kilometers R

(10) (11) (12)
Figure 14. Forest cadastral data maps for elderships: (1) Erzvilkas, (2) Girdziai, (3) Juodaiciai, (4) Jur-
barkai, (5) Jurbarkas City, (6) Raudoné, (7) SeredZius, (8) Simkaitiai, (9) Skirsnemuné, (10) Smalininkai,
(11) Veliuona, and (12) Viesvile.
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Figure 15. Forest cadastral data map of Jurbarkas District.

3.5. Dynamics of Forest Cover

The table below (Table 9) shows in detail the dynamics of forest cover over different
periods. The areas of forest cover after felling, documented in the cartographic material,
were used. Forest areas of the administrative units were calculated as percentages, and the
differences between them were also calculated. It can be seen that, depending on the forest
management policy in different countries, the dynamics of the forest cover areas changed
quite significantly and there was no expansion/diminishing observed uniformly. It is also
possible to single out an urbanized territory—the City of Jurbarkas—where the dynamics of
the forest cover were affected by factors other than those affecting nonurbanized territories.

Table 9. The forest cover change as a percentage of the area of the elderships.

2nd Half of the 2nd Half of the 2nd Half of the  1st Half of the 1st Half of the = 2nd Half of the
19th Century—  19th Century—  19th Century—  20th Century—  20th Century-  20th Century-

Elderships 1st Half of the  2nd Half of the  1st Half of the  2nd Half of the  1st Half of the 1st Half of the
20th Century 20th Century 21st Century 20th Century 21st Century 21st Century
Erzvilkas —41.3 —35.6 —33.8 5.7 7.5 1.8
GirdZiai —35.5 —33.9 —36.5 1.6 -1 —2.6
Juodaidiai —46 —-32.2 —32.3 13.8 13.7 -0.1
Jurbarkai —14.9 —9.6 —10.0 5.3 49 —-04
Jurbarkas city 4.3 8.8 7.3 45 3 -15
Raudoné —35.2 —27.7 —-29.1 7.5 6.1 —14
SeredZius —27.3 —-12.9 —10.8 14.4 16.5 2.1
Skirsnemuné —28.8 —27.3 —31.9 1.5 —-3.1 —4.6
Smalininkai 8.2 19.3 25 11.1 16.8 5.7
Simkaidiai —42.7 —38.2 —39.6 45 3.1 —1.4
Veliuona —36 —28.7 —28.4 7.3 7.6 0.3
Viegvile 3.1 8.9 0.2 5.8 -2.9 —-8.7
Jurbarkas Distr. —-27.9 —-21.7 —22.7 6.2 5.2 -1.0

Forest areas diminished very significantly in nine out of twelve elderships from the
2nd half of the 19th century to the 1st half of the 20th century. The difference in forest areas
is as follows: —23.1-—47.3%. The area of the total forest cover in elderships decreased by
24.3% on average. Juodaiciai eldership stands out due to the changes in its forest cover
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where only 3.8% of the territory’s forest coverage remains from 51.1% in the period from
the 19th century to the 1st half of the 20th century. Forest areas of three municipalities
(Viesvilé, Smalininkai, Jurbarkas City, Lithuania) avoided destruction processes and there
was even a slight increase—from 3.1% to 8.2%. Abandoned areas appeared in the City of
Jurbarkas as a result of the impact of World War 1. Thanks to the abandoned areas, the
forest spread on its own. The areas occupied by Viesvilé and Smalininkai elderships were
part of the Kingdom of Prussia, and they managed to avoid long-term military operations
and the destruction of forest areas that took place during World War 1.

The forest cover has decreased by more than 20% in Jurbarkas District since the
19th century.

The areas of forest cover expanded from the 1st half of the 20th century to the 2nd half
of the 20th century. This trend was observed in all Eastern European countries that were
occupied by Soviet Russia. The most important factors in the dynamics of such forest cover
were collectivization and deportations, which significantly reduced agricultural land [59].
An increase of more than 10% was observed in three elderships and from 1.5% to 7.5% in
the remaining ones.

The increase in Jurbarkas District was 6.2%. This increase did not compensate for the
results of forest cover diminishing in previous periods.

The area of forest cover has decreased to 8.7% in most of the elderships from the 2nd
half of the 20th century to the 21st century. The change of cover area in Jurbarkas District
is —1%.

By following the dynamics of the forest cover chronologically, it can be seen that forest
areas were diminishing in most of the elderships from the 2nd half of the 19th century to
the 1st half of the 20th century. These results match the results of the study by Potapov et al.
in 2015 [60] where the diminishing of forest areas in Eastern Europe due to the collapse
was observed from the 2nd half of the 20th century, mainly due to logging operations. This
can also be seen in Table 8 where the percentage of trees of the age corresponding to that
period is one of the highest in the elderships.

This analysis made it possible to see the change in forest cover areas in relation to the
area of administrative units (elderships and Jurbarkas District), but the question arises as
to how much of forest cover area has been lost/acquired in relation to the former forest
cover areas (Table 10).

Table 10. The increase in forest area from the forest area.

2nd Half of the 2nd Half of the 2nd Half of the  1st Half of the 1st Half of the  2nd Half of the
19th Century—  19th Century—  19th Century—  20th Century—  20th Century-  20th Century-

Elderships 1st Half of the  2nd Half of the  1st Half of the  2nd Half of the  1st Half of the 1st Half of the
20th Century 20th Century 21st Century 20th Century 21st Century 21st Century
Erzvilkas —71.4 —61.5 —58.4 34.6 45.4 8.1
Girdziai —56.0 —53.5 —57.6 5.8 —3.6 —8.8
Juodaiciai -92.3 —64.7 —64.9 359.4 356.7 —0.6
Jurbarkai —245 —15.2 —16.4 12.3 10.7 -15
Jurbarkas city 55.0 93.7 95.4 25.0 26.1 0.9
Raudoné —69.0 —54.3 —57.0 472 38.6 —5.9
Seredzius —61.5 —-29.1 —24.3 84.3 96.9 6.9
Skirsnemuné —62.2 —59.0 —69.0 8.4 —-17.9 —243
Smalininkai 57.5 135.0 176.3 49.1 75.3 17.6
Simkaitiai —66.9 —59.8 —62.0 21.3 14.7 —5.5
Veliuona —58.2 —46.4 —45.9 284 294 0.8
Viesvile 4.6 13.2 0.4 8.3 —4.0 —11.4
Jurbarkas Distr. —49.5 —38.6 —40.4 21.7 18.0 -3.0
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The reference points are the forest areas that existed in different periods: 2nd half of
the 19th century (Table 10, columns II, II, IV) and 1st half of the 20th century (Table 10,
columns V, VI, VII). The percentage increase/decrease in forest cover in these periods
was calculated: 2nd half of the 19th century—1st half of the 20th century, 2nd half of
the 19th century-2nd half of the 20th century, 2nd half of the 19th century-1st half of
the 21st century, 1st half of the 20th century—2nd half of the 20th century, 1st half of
the 20th century-1st half of the 21st century, 2nd half of the 20th century-1st half of the
21st century.

In this eldership, the increase in forest area from the forest area in the first half of the
20th century is the highest of all the elderships—over 35%.

During the analysis of the change of the forest area from the area of the forest cover
itself, we see much more dynamic processes than when analyzing the areas of the munic-
ipalities. Forest areas diminished in nine out of twelve elderships—Erzvilkas, GirdZiai,
Juodaitiai, Jurbarkai, Raudoné, SeredZius, Skirsnemung, Simkaiéiai, Veliuona—quite drasti-
cally, from 24.5 to 92.3% from the 19th century to the 1st half of the 20th century. The forest
area diminished by 62.4% on average in these elderships. There is practically no forest left
in Juodaiciai eldership—only 7.7% of the former area remains. The dynamics of forest areas
were moving in a positive direction from the 1st half of the 20th century to the 2nd half of
the 20th century—an increase in forest areas from 5.8% in GirdZiai eldership to 359.4% in
Juodaiciai eldership was observed. In this eldership, the increase in forest area from the
first half of the 20th century is the highest of all the elderships—over 350%.

3.6. Rate of Change in Forest Cover Area

Knowing the rate of change in forest areas, it is possible to monitor the long-term
dynamics of forest areas and forecast the size of future forest areas in the time ahead if
the same factors affecting the change in forest areas are maintained. The rate of forest
cover change shows the expansion/diminishing of forest areas per year. Knowing this
rate allows us to predict the size of forest cover areas during the chosen period. Since the
increase/decrease in forest areas these days is mainly determined by legal regulation in
this area, it is possible to predict future sizes of forest areas during the chosen period if the
conditions are unchanged.

During the research, the rate of change in forest cover areas was calculated by ana-
lyzing data on forest cover areas over different periods. Of course, the rate of forest area
decline was not uniform as the factors affecting the expansion/diminishing of forest cover
areas changed repeatedly over the course of 158 years. However, after evaluating these
factors, it is possible to see generalized trends of expansion/diminishing of forest areas and
the influence thereof on forest areas and to model possible future covers after adding or
eliminating certain factors.

Periods between data sources were identified (Table 11):

Table 11. Periods between years in which forest areas are recorded.

Period

2nd Half of the 19th Century  1st Half of the 20th Century = 2nd Half of the 20th Century

2nd half of the 19th century
1st half of the 20th century
2nd half of the 20th century
1st half of the 21st century

73 years - -
118 years 45 years -
158 years 80 years 35 years

Having the data presented in Table 11 and the forest cover areas determined with
the help of GIS software, the rate of change in forest areas in the elderships and Jurbarkas
District was calculated, in hectares per year (Figure 16).
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Figure 16. The rate of change in forest areas in (a) elderships and (b) Jurbarkas District.

Figure 16 shows that the highest rate of diminishing of forest areas was in the
19th century—the 1st half of the 20th century. The forest cover area diminished at a rate of
20.8 ha/year—126.7 ha/year in all elderships, except for the urbanized territory, i.e., the
City of Jurbarkas and the elderships of Smalininkai and Viesvilé. There was an extremely
slight increase in three elderships, at a rate of 5.1-0.9 ha/year. Forest cover has diminished
at a rate of 635.2 ha/year in Jurbarkas District from the 19th century to the 1st half of the
20th century.

The highest rate of increase in forest areas was from the 1st half of the 20th century
to the 2nd half of the 20th century. The areas of forest cover increased in all elderships.
They increased quite slightly in four out of the twelve at a rate of 1-6.6 ha/year and from
9.8 ha/year up to 44.4 ha/year in the rest. The area of forest cover expanded at a rate of
206 ha/year in Jurbarkas District during this period.
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Studying the rates of forest cover change during these periods shows how great
the influence of certain factors affecting forest cover areas is. Quite different rates of
change were obtained during different periods. If we take a period of the 2nd half of the
19th century—1st half of the 20th century, an extremely high rate of loss of forest areas
is observed. Extending the period to the 2nd half of the 20th century results in lower
rates of change—forest growth during the 1st half of the 20th century—the 2nd half of the
20th century reduced the negative rate of change. During this period, the largest growth of
forest areas is observed.

The study of individual shorter periods allows for monitoring the influence of factors
affecting forest cover areas, while large generalized periods show the cumulative effect of
those factors and trends in the change in forest areas.

Compiling a chronological time scale that covers the entire research period allowed us
to determine the number of years (after maintaining the forest management guidelines that
existed in certain periods and the rate of change in forest areas determined by them) during
which forests in Jurbarkas District would have vanished (—)/had their areas doubled (+)
(Table 12).

Table 12. Number of years in which forest cover areas would have disappeared/doubled.

If the Effects of Factors of 2nd If the Effects of Factors of 1st If the Effects of Factors of 2nd
Elderships Half of the 19th Century-1st Half Half of the 20th Century-2nd Half of the 20th Century-1st Half
of the 20th Century Were Half of the 20th Century Were of the 21st Century Were
Maintained Maintained Maintained
Erzvilkas —102 +134 +469
Girdziai —128 +2165 —575
Juodaidiai -79 +12 —58,333
Jurbarkai —216 +357 —853
Jurbarkas city +133 +180 +100,078
Raudoné —103 +95 —1338
Seredzius —118 +53 +626
Skirsnemuné —116 +536 —412
Smalininkai +127 +90 +1258
Simkaidiai —107 +211 —650
Veliuona —124 +159 +5479
Viegvile +1593 +536 —178
Jurbarkas Distr. —141 +211 —-117

If the effects of factors of the 19th century—the 1st half of the 20th century were
maintained at the rates presented in Figure 16, the forest cover areas would vanish:

(@) Attherate of the 19th century—the 1st half of the 20th century period: after ~141 years,
i.e., around 2006;

(b) At the rate of the 2nd half of the 20th century—the 1st half of the 21st century period:
after ~117 years, i.e., around 2100.

The area of forest cover in this district would double by 2149 if the growth rate of
forest cover areas of the 2nd half of the 20th century—the 2nd half of the 20th century
period would remain.

3.7. Spatial and Statistical Analysis

Spatial and statistical analysis provides an opportunity to determine the links between
geomorphological and spatial parameters of the territory and changes in forest areas, as
well as to analyze the possible influence of topographical and geomorphological factors on
changes in forest cover areas. Since the land productivity score, the land surface altitudes,
and the slopes create favorable/unfavorable conditions for agricultural activities that
gradually replace forests, complex factor analysis allows for highlighting and identification
of these links.
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A correlation analysis was performed between changes in forest cover determined
using historical GIS and land productivity scores in the elderships while analyzing links
between changes in forest cover areas and land productivity scores (Table 13). The following
periods were selected: the 19th century-the 1st half of the 20th century, the 1st half of
the 20th century-the 2nd half of the 20th century, the 2nd half of the 20th century—the
21st century.

Indicators of correlation analysis:

i—change in forest cover areas in a certain period, m?2;
j—the land productivity score.

Table 13. Results of correlation analysis between land productivity scores and forest cover areas.

If the Effects of Factors of 2nd If the Effects of Factors of 1st Half If the Effects of Factors of 2nd
Half of the 19th Century-1st Half of the 20th Century-2nd Half of Half of the 20th Century-1st Half
of the 20th Century Were the 20th Century Were of the 21st Century Were
Maintained Maintained Maintained

T p-Value T p-Value L p-Value

Land
productivity —0.92 0.00 —0.11 0.25 0.16 0.52
scores

It can be seen from the results of the analysis that there is a statistically significant
strong negative correlation between the diminishing of forest cover areas and the pro-
ductivity score in the first period. In other periods, there are no statistically significant
correlations.

During the analysis of the dependence of the change in forest cover areas on the slopes
of the land surface in relation to the cardinal directions, the slopes of individual elderships
were determined with the help of historical GIS, their reclassification was performed,
the data with the slope areas were converted into a table, and a correlation analysis was
performed (Table 14).

Indicators of correlation analysis:

i—change in forest cover areas in the corresponding period, m?;
j—areas of slopes of the land surface in relation to the cardinal directions, m?.

Table 14. Results of correlation analysis between aspect and changes in forest cover areas.

If the Effects of Factors of 2nd If the Effects of Factors of 2nd If the Effects of Factors of 2nd
Half of the 19th Century-1st Half Half of the 19th Century—2nd Half of the 19th Century-1st Half
of the 20th Century Were Half of the 20th Century Were of the 21st Century Were

Aspect, Degree
Maintained Maintained Maintained

Ljj p-Value Ljj p-Value Ljj p-Value

32040 —0.35 0.57 —0.38 0.46 —-0.42 0.39
40-130 0.40 0.08 0.51 0.04 0.55 0.02
130-240 0.26 0.25 0.23 0.31 0.29 0.22
240-320 —0.42 0.34 —0.43 0.29 —0.52 0.17

The results of the correlation analysis presented in Table 14 show that correlation coeffi-
cients of moderate significance were obtained between slopes in the east (1040 <r;; < 10.551)
and west ((10.421 < rjj < 10.521) directions. However, only the correlation coefficients
between the change in forest cover areas and the slope of the land surface in the eastern
direction have statistical significance (0.02 < p-value < 0.08).

Jurbarkas District: The angle is 30.8° in the north direction, 18.4% in the south direction,
and more or less the same in the west and east directions—20.4% and 20.3% respectively.
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The slopes are distributed more or less evenly throughout the district, but the links to them
are not the same. GIS visualization of the hydrographic network (Figure 17) shows that it is
oriented in the east-west direction. A visual analysis of the old military topographic maps
shows that in the 2nd half of the 19th century, it is mostly absent along river banks. Later,
this trend is not observed. It can be assumed that the changes in the surface that took place
from the 19th century to the 1st half of the 20th century are so great that they overshadow
the influence of changes in later years.

0 15,000 30,000
I | Meters

Figure 17. Hydrographic network of Jurbarkas District.

A correlation analysis was performed when analyzing the dependence of the change
in forest cover on the altitudes of the land surface (Table 15).
Indicators of correlation analysis:

i—change in forest cover areas in the corresponding period, m?;
j—areas of altitudes of the land surface, m?.
Table 15. Results of correlation analysis between altitudes of land surface and changes in forest

cover areas.

If the Effects of Factors of 2nd If the Effects of Factors of 2nd If the Effects of Factors of 2nd
Elevation of Half of the 19th Century-1st Half = Half of the 19th Century-2nd Half = Half of the 19th Century-1st Half
the of the 20th Century Were of the 20th Century Were of the 21st Century Were
Earth’s Surface Maintained Maintained Maintained

rjj p-Value tjj p-Value tjj p-Value
0-10 0.46 <0.01 0.43 <0.01 0.43 <0.01
10-20 0.57 <0.01 0.58 <0.01 0.50 <0.01
20-30 0.44 <0.01 0.48 <0.01 0.40 <0.01
30-40 0.00 0.01 0.06 0.02 0.01 0.02
40-50 —0.44 0.01 —0.40 0.03 —0.42 0.02
50-60 —0.72 0.05 —0.72 0.13 —0.73 0.08
60-70 —0.59 0.05 —0.58 0.11 —0.57 0.08
70-80 —0.29 0.02 —0.21 0.04 -0.17 0.02
8090 0.11 0.005 0.16 0.01 0.20 0.01
90-100 0.22 <0.01 0.21 0.01 0.22 <0.01

The results of the correlation analysis presented in Table 15 show that correlation
coefficients of moderate significance were obtained between the following altitudes of the
land surface: 0-30, 40-70 m (10.401 < rjj < 10.731) toward directions. However, only the
correlation coefficients between the change in forest cover areas and the slope of the land
surface in the eastern direction have statistical significance (0.02 < p-value < 0.08).

Figure 18 shows the map of altitudes of Jurbarkas District correlating/non-correlating
with changes in forest cover in the 19th—21st centuries. Areas where weak correlations are
observed are marked in blue, and areas where strong correlations are observed are marked
in yellow.



Sustainability 2024, 16, 4825

35 of 50

Height intervals
of the Eart's
surface, m
[J6.3-30
[ 30-40

[ 140-70

[ 70-100

0 3.757.5 15 225 30

- s s Kilometers
Figure 18. Visualization of correlation analysis of altitudes in Jurbarkas District with forest
cover change.

It can be assumed that the altitudes in the eastern part of Jurbarkas District did not
have a significant influence on the dynamics of forest areas because wetlands and marshy
places that are unattractive for agricultural activities have been there since ancient times;
thus, the links of forest cover change are insignificant. Since the reclamation works of
national importance were started only in the 2nd half of the 20th century, when there was
already a legal framework regulating the use of forest resources, land drainage did not
have a significant impact on the reduction in forest areas but increased the areas devoted to
agricultural activities. There may be an additional factor in the western part of the district,
which can be revealed by additional research.

The slope of the land surface, depending on its size, makes the territory attrac-
tive/unattractive for agricultural activities; therefore, a correlation analysis of the de-
pendence of change in forest cover areas on the land slopes was performed (Table 16).

Indicators of correlation analysis:

i—change in forest cover areas in the corresponding period, m?;

j—areas of slopes of the land surface, m?.

Table 16. Results of correlation analysis between slopes of land surface and changes in forest
cover areas.

If the Effects of Factors of 2nd If the Effects of Factors of 2nd If the Effects of Factors of 2nd
Half of the 19th Century-1st Half  Half of the 19th Century—2nd Half  Half of the 19th Century-1st Half
Slope Intervals of the 20th Century Were of the 20th Century Were of the 21st Century Were
Maintained Maintained Maintained

L p-Value L p-Value L p-Value
0-1.00 -0.90 0.04 -0.85 0.02 -0.87 0.03
1.00-3.01 -0.63 0.17 -0.55 0.08 -0.57 0.11
3.01-6.27 -0.53 0.05 -0.44 0.02 -0.47 0.03
6.27-10.53 -0.54 0.03 -0.43 0.01 -0.45 0.02
10.53-15.79 -0.40 0.04 -0.27 0.02 -0.26 0.02
15.79-22.05 -0.16 0.11 -0.02 0.05 0.01 0.05
22.05-29.57 -0.07 0.19 0.06 0.10 0.10 0.09
29.57-39.10 -0.05 0.22 0.06 0.12 0.11 0.11
39.10-66.1 -0.03 0.24 0.08 0.15 0.11 0.14

Correlation analysis revealed that there is a strong inverse relationship between the
angle of 0°-1° and the dynamics of forest areas (10.85| < rj; < 10.901). This link is
statistically significant (0.02 < p-value < 0.04). The average statistically significant relation
is between forest area change and angles of 1°-10.53° (10.43| < Ljj < 10.631). There is
a weak statistically significant relation between the angle of 10.53°-15.79° and the dynamics
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of forest areas. Larger slopes and forest area change are linked by very weak correlations.
It can be assumed that the forest areas decreased in the plains quite significantly, and with
an angle steeper than 15.79°, the links between the change in forest areas and the angles
are very weak because such territories are not favorable for agricultural activities.

A map is created for the visualization of correlation links with the help of GIS: terri-
tories with a small angle (0°-10.53°) that have strong and medium correlations with the
dynamics of forest area change are marked in green, those that have weak correlations are
marked in yellow, and very weak ones in red (Figure 19). We can see that these are river
banks with steep slopes, which make these areas unattractive for agricultural activities.

Slope, degree

B o.00-1053
[ ] 10531579
B :5.75-66.00

0 3.7575 15 22.5 30

- weessss s Kilometers

Figure 19. Map of slopes of Jurbarkas District correlating /non-correlating with changes in forest
cover in the 19th-21st centuries.

As the study continued, the slopes of the land surface where there is forest cover, were
identified using functions of the GIS program. The data were converted into Microsoft
Excel tables. Calculations of what percentage of the forest area was made up of certain
slopes of land surface in individual administrative units were performed. A correlation
analysis was performed as the study of statistical links between slopes and changes in
forest areas continued (Table 17). Indicators:

i—share of the area occupied by the forest cover (as a percentage) in the areas with the
respective slope;
j—slope of the land surface.

Table 17. Correlation analysis results between slope and forest cover areas.

2nd Half of the 1st Half of the 2nd Half of the
Elderships 19th Century 20th Century 20th Century
1 p-Value Tjj p-Value L p-Value
Erzvilkas —0.72 0.03 —0.56 0.11 —0.66 0.05
Girdziai —0.75 0.02 —0.66 0.05 —0.19 0.63
Juodaiciai —0.86 0.03 —0.85 0.03 —0.76 0.08
Jurbarkai —-091 0.00 —0.92 0.00 0.51 0.16
Jurbarkas city —0.66 0.05 0.27 0.48 0.05 0.90
Raudoneé —0.59 0.09 0.90 0.00 0.91 0.00
Seredzius —0.62 0.08 0.69 0.04 0.69 0.04
Skirsnemuné —0.59 0.09 —0.40 0.29 0.72 0.06
Smalininkai —0.62 0.08 —0.81 0.01 —0.91 0.00
Simkaitiai 0.24 0.54 —0.70 0.04 —0.70 0.04
Veliuona —0.58 0.10 0.22 0.58 0.28 0.47
Viesvile 0.90 0.00 0.84 0.00 —0.54 0.13

Jurbarkas Distr. —0.82 0.01 0.02 0.95 0.82 0.01
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In order to visualize the results of the research, a map of the correlation analysis results
was created using the GIS program (Figure 20). It shows the elderships of Jurbarkas District
and their soil productivity scores. Elderships with very strong, strong, and moderate
correlations and p-values < 0.05 are marked in yellow.
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Figure 20. Elderships with very strong, strong, and moderate statistically significant correlations
(marked in yellow): (a) the 19th century, (b) 1st half of the 20th century, (c) 2nd half of the 20th century.

Quite different results were obtained when researching the links between forest areas
and surface slopes. No statistically significant correlations between indicators were found
in the eastern part of Jurbarkas District in the 19th century (Table 17). Figure 20 shows that
there are quite strong correlations between the areas of forest cover and the land surface
slopes in the elderships located in the western part. Forests grow on plains in almost all
of them (with the exception of Viesvilé eldership) because as the slope increases, forest
areas decrease. Figure 11 shows that forest cover is mostly absent along the rivers. Viesvilé
eldership is unique—a positive correlation is observed in it—the forest areas increase with
the increase in the slope of the territory. This eldership is located in another state where
a completely different forest management and land management strategy is implemented.

Five elderships balance on the limit of statistical significance (0.08 < p-value < 0.10),
and the correlation coefficients in them vary 10.58| <1y < 10.621. Simkaitiai eldership
stands out, with p-value = 0.24.

Taking the entire Jurbarkas District for the study, we get r = —0.82, p-value = 0.01.
No positive correlation coefficients between forest areas and slopes of the territory were
found in the 19th century (except for one eldership, which was in another state). From this,
it can be concluded that at that time, agricultural activities did not have a significant impact
on the diminishing of forest areas and displacement to territories unsuitable or not very
attractive for agricultural activities.
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We see a completely different situation in the 1st half of the 20th century (Table 17,
Figure 20b). Statistically significant results were obtained in eight out of the twelve el-
derships: 10.661 < rjj < 10.921. In three of them, we see positive correlation coefficients.
A study of Jurbarkas District shows a correlation of only 0.02 and p-value of 0.95. At that
time, the forest change was affected by the deforestation processes that occurred during
World War I, which were not focused on agricultural activities; therefore, taking the entire
district in general, no links with places favorable for farming and forest cover areas were
found. A more detailed examination of individual administrative units (smaller areas of
the territory affected by local conditions) revealed links in individual elderships.

Statistically significant links were established in Jurbarkas District and only in five
of the twelve elderships in the 2nd half of the 20th century (Table 17, Figure 20c). Two
elderships balanced on the edge of statistical significance (0.06 < p-value < 0.08). The
situation in Jurbarkas District, rj; = 0.82, p-value = 0.01, was the complete opposite of that
in the 19th century. Taking all elderships as a whole, the area of forest cover increased as
the slope of the territory increased.

If we compare the change in the sign of the correlation coefficients, it can be seen that
they changed in the 19th-20th centuries—forest areas were affected by the expropriation of
lands more favorable for farming, displacing forest areas to areas less favorable for farming.
However, with the advent of legal state regulation, forest areas were recorded and their
arbitrary cutting and conversion to agricultural land ended.

The distribution of forest cover and non-forest cover in territories with different slopes
in the elderships of Jurbarkas District is shown in Figure 21, and the distribution of these
covers in the entire Jurbarkas District is presented in Figure 22.
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Figure 21. The ratio of forest cover /non-forest cover in slope ranges in elderships of Jurbarkas District:
(a) 2nd half of the 19th century, (b) 1st half of the 20th century, (c) 2nd half of the 20th century.
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Figure 22. Distribution of forest cover/non-forest cover in Jurbarkas District: (a) 2nd half of the
19th century, (b) 1st half of the 20th century, (c) 2nd half of the 20th century.

3.8. Isolation of Permanent Forest Areas

During the comparison of forest cover areas that were present at different times
in GIS program, constant forest cover areas were determined where a forest cover was
without any interruptions during the period of 19th—21st centuries. This means that no
economic-anthropogenic activity was ever carried out in those areas, and tree massifs grew
there throughout the period. Layers of forest cover present at different time periods were
uploaded into the ArcGIS software package and permanent forest areas were isolated using
the polygon overlay method. The sizes of permanent areas of the area of the eldership (as
percentages) are presented in Table 18.



Sustainability 2024, 16, 4825

40 of 50

Table 18. Permanent forest areas.

Elderships Area of Forest, %
Erzvilkas 115
GirdZiai 23.1
Juodaic&iai 2.2
Jurbarkai 36.6
Jurbarkas city 3.8
Raudoné 11.0
Seredzius 12.2
Skirsnemuné 16.0
Smalininkai 8.9
Simkaitiai 16.1
Veliuona 23.0
Viegvile 57.6
Jurbarkas Distr. 22.6

The permanent forest areas in the elderships make up 2.2-57.6% of the area of these
elderships. Viesvilés eldership has the largest area—57.6%, and the area in the rest of the
elderships ranges from 2.2% to 23.1%. The average is 18.5%.

Permanent forest areas make up 22.6% of the area throughout Jurbarkas District.

The layer of permanent forest areas is divided into polygons according to the attribute
data, the age of the trees, by overlaying the cadastral data layer with the use of the ArcGIS
program. The applicable age ranges are the same as in Section 2.4. The area of these
polygons was calculated (as a percentage) of the total area of permanent growth areas in

the elderships (Table 19).

Table 19. Percentages of polygons with corresponding tree age

of the total permanent forest

cover area.
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Analysis of the obtained data shows that an urbanized area—the City of Jurbarkas—
stands out in the obtained results. It is dominated by areas of trees older than 80 years old
in its permanent growth areas. This can be explained by the fact that mature trees were
preserved in the city, but new areas were not planted, using city areas for other purposes.
A fairly clear process of felling/planting of forest trees can be seen in the non-urbanized
areas—trees 0-5 years old account for as much as 4.4-18.1% of the total area of growth
areas. Bearing in mind that such changes took place over a period of 5 years, it can be said
that quite intensive deforestation is taking place. If Viesvile eldership is eliminated from
the research results, which, like the urbanized territory of the City of Jurbarkas, stands
out from the general trends, the deforestation in the permanent growth areas over the last
5 years amounts to 7.4-18.1%. It is interesting that in the age group of 6-9 years, no such
large areas of former logging were observed. The area of trees of this age is only 0.2-5.5%.

Further examination of the distribution of forest areas according to the age of the trees
growing in them shows that the largest areas of permanent forest cover are in age groups
of 10-99 years. The areas of planted/grown trees make up 0-27.4% of the total forest cover
area during these periods. If you eliminate the City of Jurbarkas, as an urbanized area that
was influenced by factors other than those affecting nonurbanized areas, this percentage
is 5.3-27.4%. Forest areas of the remaining age groups are much smaller, and the areas of
older trees account for 0.1-11.5% (after eliminating the urbanized area).

The identified areas of permanent forest cover in the elderships are 4.3-85.5% of the
forest areas that were present in the 19th century (Table 20).

Table 20. The area of permanent forest cover of forest areas of the 19th century, %.

Elderships The Area of Permanent Forest Cover, %
Erzvilkas 19.7
GirdZiai 34.3
Juodaiciai 43
Jurbarkai 53.6
Jurbarkas city 43.7
Raudoné 20.3
Seredzius 27.2
Skirsnemuné 34.1
Smalininkai 62.8
Simkaiciai 24.4
Veliuona 36.7
Viegvile 85.5
Jurbarkas Distr. 38.1

There is quite a clear difference between the elderships that were previously in different
states. The largest areas of permanent forest cover have remained in the elderships of
Smalininkai and VieSvilé. Also, a considerable permanent cover area remained in the
urbanized area (City of Jurbarkas). The average area of this cover is 28.3% in the rest of the
elderships. Juodai¢iai eldership, where the biggest diminishing in the area of forest cover
took place during the studied period, stands out.

The visualization of permanent forest areas in the elderships and Jurbarkas District is
presented in Figures 23 and 24.
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Figure 23. Permanent areas of forest cover in elderships of Jurbarkas District: (1) Erzvilkas,
(2) Girdziai, (3) Juodaiciai, (4) Jurbarkai, (5) Jurbarkas City, (6) Raudoné, (7) Seredzius, (8) Simkaitiai,
(9) Skirsnemunég, (10) Smalininkai, (11) Veliuona, and (12) Viesvile.
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Figure 24. Permanent areas of forest cover in Jurbarkas District.

4. Discussion
4.1. Dynamics of Forest Cover

The dynamics of the forest cover in individual elderships during the studied period
from the 2nd half of the 19th century to the 21st century were similar in size and direction,
which means that the change in forest cover everywhere was influenced by the same factors
that were determined by the period. There is a clear difference between the dynamics
of forest cover in elderships from different states. Since the time these elderships were
included in the composition of one state (1st half of the 20th century), this difference has
disappeared and the direction and extent of forest cover changes are similar in all elderships
of Jurbarkas District. However, the changes that took place from the 19th century to the
1st half of the 20th century were so great that when studying the change in forest cover
not over separate periods arranged in chronological order but over longer, generalized
intervals of time, these changes were not compensated by the reverse change in forest cover
that took place later.

Forest areas (as a percentage of the area of elderships) and the decrease/increase in
forest areas during the periods in question (Figure 25) present fairly uniform trends in
forest cover loss until the 1st half of the 20th century; however, quite different are trends
of the increase in forest cover from the 1st half of the 20th century to the 2nd half of the
20th century.

Three elderships stand out when analyzing the change in forest cover (as a percentage
of the former forest cover area): Jurbarkas, Smalininkai, and Viesvilé. The City of Jurbarkas
is an urbanized area, and the land areas there are affected by different processes than lands
suitable for agriculture. The elderships of Smalininkai and Viesvilé are distinguished by
the increase in forest areas. It can be assumed that they were affected by different processes
than the rest of the elderships due to their geographical location and topographical and
geomorphological factors. These two elderships have the lowest land productivity score,
and they belonged to another state with a different forest management policy. Also, they
were behind the front line for most of the time during World War 1. This statement can be
proven with the help of historical GIS, by uploading all the data, performing a complex
statistical analysis, and analyzing the results. After visually analyzing the geographically
oriented areas of forest cover presented in GIS, it can be seen that former forest areas could
be maintained only in the territory belonging to the Kingdom of Prussia and on its border,
while elsewhere, they were diminishing drastically.
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Figure 25. Forest areas present during the 19th—20th centuries.

In Jurbarkas District, 49.6% of forest areas were lost from the 19th century to the 1st
half of the 20th century, but the forest cover area increased by 21.7% from the 1st half of
the 20th century to the 2nd half of the 20th century. However, from the 2nd half of the
20th century to the 21st century, it diminished by 3%. Taking the 19th-21st centuries as
a whole, the area of forest cover decreased by 40.4%; therefore, it can be concluded that
from the 1st half of the 20th century to the 2nd half of the 20th century, the increase in forest
cover did not compensate for the shrinking that had taken place until then, and part of
it was irretrievably lost. A very optimistic scenario is observed in some elderships when
analyzing the change in forest cover from the former forest area (Table 10) when the forest
cover increased by more than 350%; in others, it is pessimistic because it decreased by
more than 60%. However, the results must be viewed in a complex way, by analyzing the
dynamics of the cover area of the cover and administrative areas together (Tables 9 and 10)
and by evaluating GIS-created maps visually (Figures 10 and 12). The change in forest
cover from the forest area, when analyzed separately, does not reflect the size of forest
areas, only their dynamics in relation to it. This is valuable information, but it can be quite
misleading if other factors are not taken into account. Figure 26 shows the substantiation of
this statement with the example of Juodaiciai eldership.

It can be seen that the forest area was quite large in the 19th century and occupied
49.8% (over 1500 ha) of the area of the eldership. The estimated 92.3% of the total forest area
was lost by the 1st half of the 20th century and the forest occupied 3.8% of the eldership
area. The area of the forest increased by as much as 359.4% from the former area (it reached
over 500 ha) from the 1st half of the 20th century to the 2nd half of the 20th century, and
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the forest cover made up 17.6% of the area of the eldership. Thus, with an increase in forest
cover by more than 300% with respect to the forest area, this seemingly large increase is not
significant with respect to the eldership area.
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Figure 26. Dynamics of the forest cover area in the 19th-21st centuries.

Analysis of the 19th-century maps shows that the boundaries of forests are natural,
not limited by the outlines of geometric shapes. The boundaries of the forests acquired
rather strict outlines in the 1st and 2nd halves of the 20th century; the increasing influence
of anthropogenic impact on forest areas and the outlines of their boundaries can be seen.

The areas of felling are recorded in the maps only during a certain time, and as
can be seen from the analysis of the expansion/diminishing of forest areas, they do not
reflect the entire trend of forest area change. This is especially evident when forest areas
diminished in a very short period of time (during World War I). However, this information
makes it possible to observe the trends of forest destruction/planting over the period
being documented—a general analysis of the change in forest areas and studying forest
areas documented at a certain moment allows us to see how much they have expanded or
diminished. The areas of forest felling documented at a certain time allow us to observe
the felling that took place at that time and to draw conclusions as to whether the forests
were intensively felled at that time. A complex analysis of forest trees by age can also
help understand these trends. The forest areas determined from the maps and their
dynamics allow us to say that there would not have been any forest left in Jurbarkas District
around 2006 if felling had continued at the same pace as in the 19th century-1st half of the
20th century.

Lithuania was affected by factors of external origin, which led to the fact that at
a certain point in the 1st half of the 20th century, the rate of destruction of forest cover
areas increased sharply, and the largest increase in forest areas occurred in the middle of
the 20th century, not in the 21st century, when the EU took measures to manage climate
change processes. No changes in legislation or green course-oriented policy guidelines for
the 21st century led to such a large increase in forest areas as turmoil, population decline,
and abandonment of areas previously used for agriculture that took place in the middle of
the 20th century. These trends are characteristic of Eastern European countries, which were
affected by the same political processes [50,59]. After analyzing the data and maps, it can
be concluded that the current forest areas with minor changes were inherited from the 2nd
half of the 20th century.

Eastern Europe also experienced a series of social, economic, and institutional up-
heavals in the 20th century, including revolutions, wars, and the rise and fall of the Soviet
Union, all of which led to major changes in land use. Therefore, the factors influencing the
change in forest cover in the region, due to the major political, and socioeconomic changes
that have taken place in the region, are somewhat different in their impact from those in
Western Europe [61]:

1. The main factor of forest cover change in ancient times was the activities of anthro-
pogenic origin and attractive areas for agriculture. The decline of forests is associated with
the volume of areas suitable for agricultural activities [10,13,36,38,45,47,48,54,62].
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2. Social changes (the decrease in the number of inhabitants due to the ongoing
repressions was one of the factors that led to the increase in forest areas after the Soviet
occupation) [59].

3. Geographical position (in the case of East Europe, short distances to paper and
timber factories in Scandinavia and Poland).

4. Economic policy of the country (e.g., trade liberalization after joining the European
Union) [63].

5. Political system (for example, expropriation of land, land restitution, market open-
ing, etc.) [63].

6. Demand for wood [60].

7. Environmental and forest protection policy implemented by the state. Restrictions
focused on the preservation of forest areas, i.e., logging restrictions in the country preserve
forest areas but create a higher demand for forest imports.

8. In Eastern Europe, forest areas are also affected by the pace of forest privatization [63].

Forecasts are more demonstrative in nature when analyzing the speed of forest cover
area dynamics. However, in the case of uniform planned or illegal deforestation, in the
absence of state control or in the presence of a certain state policy, this methodology allows
us to predict the diminishing of forest areas without changing the influencing factors, and
it also allows us to carry out future-oriented monitoring of changes in forest areas. It is
possible to predict forest cover areas in the future under the influence of one or another
factor that leads to a certain predictable increase/decrease in the cover as the European
Union is engaged in the policy focused on managing climate change. This forecasting can
also be carried out in territories where there is a problem of mass deforestation—such
monitoring can be carried out by conducting the study and forecasts of the change in
tropical forest areas.

To sum up the change in forest cover, it can be said that the lands freed from forest
cover were occupied by agricultural lands. This factor allows us to assume that the former
forest areas will not be restored if the situation does not change.

4.2. Features of the Combined Application of Historical GIS and Statistical Methods for
Monitoring, Planning, and Preservation of Forest Cover Dynamics

The use of historical GIS allows us to obtain geographically oriented data about
objects and phenomena that are recorded in time and cartographic material. It helps create
an image of the past situation, collect data, and analyze them both by applying various
analysis methods and visually. Combined application of different analysis methods, using
various data, fully reveals the dynamics of the phenomenon, its trends, and links between
various processes and geomorphological, topographic, and other parameters. Historical
GIS allows us to compare past processes with current ones, monitor changes, and visualize
possible forecasts.

It is important to take into account possible topographical measurements, cartographic
errors, scales, and degrees of generalization, which may cause differences in data accuracy
when using cartographic material. However, it should be borne in mind that micro-changes
do not have a significant impact on the study when examining large areas [50]. The old
maps provide an indicative picture of the forests at that time and allow for a general
assessment of the former forest cover areas in the region [36,38].

The application of historical GIS provides an opportunity to compare the impact of
different forest management policies on the development of forest cover areas. According
to the results of the analysis, the forest protection policy or absence of it, even a century and
a half ago, and its change over time have an influence on what forest areas we have today.
It can be seen that in this case, long-term factors have a greater impact than short-term ones.

Historical GIS makes it possible to understand the “migration” of forest areas in space
and its links to the geomorphological indicators of the territory and to distinguish places
where no economic anthropogenic activity was carried out over time and where forest cover
was always present. Only 38% of the forest cover was permanent and did not “migrate” in
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Jurbarkas District. About 62% of the forest cover grows in different places than it did in the
19th century or was cut during that time; agricultural activities were carried out in those
lands and the forest cover recovered /was restored there only under certain circumstances.

It would be useful to study larger areas, highlighting the factors affecting forest cover
through the use of historical GIS methods and combining them with spatial and statistical
analysis. However, this analysis is often complicated by the difficulty of determining the
initial data due to the lack of cartographic material—i.e., in certain cases, it is difficult to
determine the initial data in terms of time and resources as only low-quality cartographic
material, which complicates automatic vectorization, remains.

5. Conclusions

The area of forest cover depends on various factors, but over recent centuries, it has
been most influenced by anthropogenic activities. In order to understand the extent of this
impact, monitoring of cover change is required. The use of old maps is the only possibility
to obtain spatially oriented data on the land covers, which have changed irreversibly over
the years. The integration of historical GIS into the research provides an opportunity to
comprehensively use data sources created at different times and in different coordinate
systems: cartographic material, remote survey results, and databases. This provides an
opportunity to model the geomorphological parameters of the surface, perform the analysis
of created vector and raster models, and apply statistical analysis. This complex approach
allows us to see the interdependencies and trends in forest cover change.

Geomorphological parameters in Jurbarkas District are favorable for agricultural
activities. The land productivity score of this district is one of the highest in the Republic
of Lithuania. Only two of the twelve elderships fall into the group of medium or not
very fertile soils. The change in the altitude of the land surface occurs evenly, and the
values of the altitudes vary within the range of 8-92 m. Sudden changes in altitudes are
recorded only on the banks of rivers. A total of 99% of the area is favorable for agricultural
activities in terms of angles. Almost 42% of the angles is in the south direction. It can be
seen that the selected territory is favorable for agricultural activities, which, based on the
results of research by other authors, is directly related to the diminishing of forest areas.
However, the territory is crossed by the border between two states, with large areas of
forest since the old times on both sides of it and conditions that are not very favorable for
agricultural activities.

The areas of forest cover in the 19th century were the largest during the entire studied
period. They occupied about 60% of the entire territory in Jurbarkas District. The research
results show that the most intensive processes of the diminishing of forest cover areas took
place in the 19th century-1st half of the 20th century when the forest cover was lost at
a rate of 635 ha/year. It occupied 28.7% of the entire area of the district in the 1st half of the
20th century. An increase in forest cover at a rate of 206 ha/year was observed as a result
of the great socioeconomic changes that took place after World War II when there was an
increase in uncultivated lands. Forest cover accounted for 34.9% of the area of the district
in the 2nd half of the 20th century. Since then, its area practically remained the same—it
decreased slightly, at a rate of 45.7 ha/year. It occupied 33.9% of the area of the district in
the 1st half of the 21st century. The drastic diminishing of forest cover that took place in the
1st half of the 20th century was not compensated for by the growth of this cover that took
place in the 2nd half of the 20th century. Currently, the existing forest cover areas actually
coincide with the forest cover areas present during the 1st half of the 20th century.

Studying the areas of forest cover present in different states in the past and establishing
links with the geomorphological indicators of the territory show that these factors have
influence—the area change in different states and territories with different geomorphologi-
cal factors took different directions and happened at different rates. After the territory was
included in the composition of one state and the impact of the same socioeconomic changes
began, the trends of forest area change became similar.
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Jurbarkas District is dominated by forest areas comprising trees from 0 to 99 years
of age. Forest areas with 100-year-old and older trees are insignificant and make up only
5.4% of the forest area. Permanent forest areas where tree cover grew during the entire
studied period reach 22.6% in Jurbarkas District. They have forest areas with trees older
than 100 years, making up 10% of the area.

The use of historical GIS technology has made it possible to work with data from
different sources in a single coordinate system. It allowed for analysis, visualization of
results, and data extraction for further research in a non-GIS environment. The results
obtained show that the highest forest cover was in the 19th century and the lowest in the
first half of the 20th century. The rate of change in forest cover allowed for a prediction
of the complete disappearance/doubling of the forest cover provided that the factors
influencing it remained unchanged. Over time, a ‘crowding out’ of the forest into areas less
favorable to agricultural activity and with a higher slope has been observed.

Further research, involving more factors, could be carried out to investigate the influ-
ence of the following factors: past policies on forest management, population, agriculture,
etc. on the upward/downward trends in forest cover. Studies can also be carried out on
the amount of CO, accumulated in former forests: how much would be accumulated if the
former forest areas were preserved or if the smallest forest areas identified in the research
were preserved.
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