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Abstract: This article analyses Land Cover Changes in the Lumbardhi of Prizreni (LP) River catchment in southern
Kosovo. As a landlocked country, Kosovo has highly diverse landform features. LP River catchment is located in
Sharri's transboundary high mountain range and the southern part of Dukagjini Plain. In the last two decades, the
landscape has experienced a transformation in land cover changes, especially in the increasing of artificial surfaces in
the plains. Using GIS techniques, data were calculated for the selected years, and their dynamics were visualised for
the last two decades. The analysis shows a decrease in agricultural land and complex cultivation patterns (-806 ha), an
increase in artificial surface, especially discontinuous urban fabric (+354 ha), and small changes in forest and
seminatural areas, which are primarily included in "Sharri" National Park.
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1. Introduction

In recent decades, anthropogenic impact on the natural landscape has increased rapidly (Schneider 2012,
Winkler et al. 2021), even in protected areas (Getzner & Svajda 2015). Land cover features indicate the rela-
tionship between human activities, landscape transformation, and nature in general (Gaitanis et al. 2015). As
a small country, Kosovo has diverse natural features, with high-altitude mountains surrounding tectonic plains
in the middle. Rapid urbanisation has had its impact with the increasing population number and migration
towards the plains. Many studies state that the urban population is increasing rapidly worldwide (Cleland
2013), and extensive landscape fragmentation results from scattered natural vegetation (Ramalho et al. 2014).

Human activities as a driving force have played a role in pressing issues in the landscape (Wolf et al. 2023),
where environmental sustainability has become an issue of the modern age. Earth's terrestrial surface and its
transformation refers to Land Use/Land Cover Changes (LULC). Rapid urbanisation, agricultural land reduc-
tion, deforestation, and other changes are related to heat islands and urban climate or water resource imbalance
(Xu et al. 2023). Rapid urbanisation has led to cover and water balance changes (Schlesinger & Jasechko
2014), biodiversity loss (Newbold et al. 2015), and soil alteration and degradation (Smith et al. 2015). Some
changes have local or regional impacts, and in the Earth system, they are related.

The second part of the XX and the XXI century are marked by intensive land use (Lambin et al. 2001,
Matson et al. 1997), where alteration, fragmentation, and loss of natural areas happened (Falcucci et al. 2009).
After the agricultural revolution, land use was the oldest anthropogenic environmental activity (Cegielska et al.
2018). However, later, with the appearance of industrialisation, the scale of changes was massive and devel-
oped rapidly (Nuissl et al. 2021), and some studies have paved the way to Anthropocene (Ellis 2021).

Environmental changes have become a global issue, and academic attention has increased. In Europe, hu-
mans have changed the landscape for millennia, where most transformations were done towards agricultural
land resulting in landscape changes in human-Earth's system interaction. Every region has its spatial pattern
of land use and land changes (Kuemmerle et al. 2016). Estimations of the global population have predicted
that at the end of 2050, the urban population will increase to 70%, and Kosovo will be affected too. In contrast,
an increase in the urban population will pressure agricultural land and natural habitats.

The Balkan Peninsula, especially the Western Balkans, where Kosovo belongs, is distinguished by diverse
geographies and unique habitats (Hyka et al. 2022), with the remaining wild areas, like the Sharr Mountains,
serving as biodiversity hot-spots (Miho et al. 2023), very abundant with freshwaters like LP is, where, with
the declaration of its areas as national park, natural values have been preserved.
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Kosovo has experienced land cover transformation in the last two decades, mostly shifting agricultural land,
forests and seminatural areas towards artificial surfaces. Plains have served as agricultural land, but lately,
intensive urbanisation has decreased the area of agricultural land and increased the area of artificial surfaces.
According to landscape metrics, land cover is experiencing not only a formal transformation in cover type but
also changes in number of patches and their size. LP, as one of the catchments of Drini i Bardh€ (White Drin),
is located mostly in the Sharr Mountains, and its highest altitude belongs to the national park, protected since
1986, but human imprints are obvious. The lowest altitude of the catchment belongs to Dukagjini Plain, where
rapid urbanisation has been developed in the last 20 years, shifting artificial surfaces towards agricultural land
and transforming the landscape into a discontinuous urban fabric. It is important to mention nature preservation
through "Sharri" National Park, where landscape transformation shows minimal changes.

In this context, the study reveals relationships between human activities in a part of Kosovo with diverse
physiographical features, the presence of a national park, and a part with rapid urbanisation, where landscape
transformation has been done on a diverse scale in the last two decades.

2. Materials and Methods

Land cover change data from the Copernicus Land Monitoring Service (CLMS) were downloaded and
analysed in the ArcMap 10.8 environment. Raster and vector data (shapefiles) containing information about
land cover, their distribution and other metric information were extracted for the LP River catchment and later
analysed, interpreted, and finally, thematic maps were prepared. The GIS technique is useful for comparing
and finding differences for selected years (2000, 2006 and 2018). Land cover data, including physiographical
factors like altitude, slope, aspect, and human driving forces like urbanisation, were intersected, and the main
conclusions were found. Population statistics from the official census for selected settlements were used to
compare the temporal and spatial changes in population numbers and changes in artificial surfaces in response
to land cover classes.

Table 1. Datasets used for Land Cover changes analysis in LP catchment

Data/maps Resolution/scale Source of dataset
DEM (altitude, slope, aspect) 10 m Kosovo Cadastral Agency
Topographic maps 1:50,000 Kosovo Cadastral Agency
Land cover 1990 1:25,000 Former Yugoslavia topographic maps
Land Use/Land Cover (LULC) 2000, 2006, 2018 100 m Copernicus Land Monitoring Service
Population statistics — Statistical Agency of Kosovo

3. Results and Discussion

Study areas represent nearly 2.4% of Kosovo's territory. It is located between Kosovo and Northern Mace-
donia in the high-altitude mountain range of the Sharr Mountains, a transboundary mountain in the western
part of the Balkan Peninsula. LP is one of the main tributaries of the White Drini River (alb.: Drini i Bardhg).
The west part of the catchment lies in Dukagjini Plain, more precisely in the south of it. Being in two different
geological-tectonic units, diverse geological, morphological, and biogeographic features are created through-
out the river's catchment. Diverse morphography is represented by high altitude differences in the catchment's
area. The lowest point in the catchment lies at the mouth of LP River, in the confluence with White Drini,
while the upper part of the catchment, where the international border between Kosovo and Northern Macedonia
lies, is above 2,500 m. The highest peaks are the surface water divide between the Adriatic and Aegean Seas.
Water sources from high altitudes have created streams and rivers flowing towards Dukagjini Plain. In contrast,
the northern part consists mainly of limestones with very low drainage density. Main tributaries have played
an essential founding role for most settlements in the catchment.

The average altitude of the catchment is 1,135 m, and it is the second-highest river catchment in Kosovo.
29 settlements are located within the catchment, with an average density of 11.2 for every 100 km?. In 1948,
there were about 35 thousand inhabitants. In 2011, it increased to about 107 thousand, corresponding to an
increase of about 3.1 times. The average population density is 412 inhabitants/km?, and it is one of the most
densely populated catchments in Kosovo. The average settlement size in 2011 was 3,694 inhabitants (Statisti-
cal Agency of Kosovo, 2013). Changes in settlement size have indicated land use and cover changes. However,
these changes were not correspondingly equal to each settlement, where those inside Sharr Mts. have experi-
enced a decrease in population. In contrast, those in the plains, where the main regional centre — Prizren, is
located, have experienced a high population increase, mostly towards the agricultural land of Dukagjini Plain.
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Fig. 1. Location and physical map of the catchment (source: authors)

Distinguished from its diverse geological, geomorphological, hydrographical, and biogeographical fea-
tures, Sharr Mountains, where the study area is located, have been declared a National Park since 1986 with
an area of 39,000 ha and later extended to 56,469 ha (Law on National Park "Sharri" Nr. 2011/04-L-087),
whereas 9,595.5 ha are located inside the catchment.

In general terms, the LP River catchment has been the subject of several studies about the Sharr Mountains,
including geological settings (Pruthi 2011, Elezaj & Kodra 2007), surface waters and climate (Pllana 2011,
Pllana 2015), water regime (Labus 1979), nature conservation (Veselaj & Mustafa 2015), which included spe-
cific studies. While most of the river catchment is included in one municipality (Prizren), several local studies
have been done. Settlement types, demographic changes, and other transformations in the last decades have
been part of a general study of settlements in Kosovo, where physical features, demographics, and other func-
tions have been included (Lexicon of Settlements of Kosovo, 2020).

Land Cover is associated with natural and societal factors operating at temporal and spatial levels, where
each factor has influenced its features and dynamics. According to physiographic features, land use/land cover
(LULC) patterns are developed, but human influence in changing directions can be seen. As landscape char-
acteristics, land use/land cover express anthropogenic impacts on the Earth's surface (Quintero-Gallego 2018).
Landforms and altitude have played a significant role in influencing climate, water resources, and biogeo-
graphical features. Valleys, even if they are deep at the bottom, are located in most of the settlements of the
catchment. Only the western part of the catchment lies in Dukagjini Plain, with flat and gentle slopes used for
agricultural production in the past. Land use classes are related to altitude and climatic features. Different
altitude zones have distinguished different climatic features where broad-leaved, coniferous, and mixed forests
are found. However, above them, due to vertical zonation, natural grassland covers about 20% of the catch-
ment's total area. Agriculture has a positive relationship with low altitudes, where plains and gentle slopes are
found. In contrast, an increase in altitude changes the climate and steepness of slopes, making agriculture
nearly impossible. However, the land use/land cover (LULC) patterns at high altitudes show the absence of
anthropogenic activity (Ye et al. 2017) and conservation of ecological stability (White et al. 2021). As in many
countries worldwide, slope gradients and elevation influence land cover changes (Birhanu et al. 2019).
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The main driving force in landscape transformation is human activity. However, having distinguished nat-
ural features, the Sharr Mountains' upper part is declared by law as a national park, aiming for landscape
conservation and reducing human impact. Unlike mountainous areas, plain ones have experienced the most
changes during the last two decades, transforming natural landscapes into artificial ones. During the last two
decades, economic activities have changed, mostly by abandoning agriculture and migrating towards main
cities or regional centres in service activities. Over the years, the expansion of artificial infrastructure has
settled down, with a significant impact on the natural environment, primarily by fragmenting it (Grigoras et al.
2019). Over the years, an increase in population numbers and migration has contributed to an increase in built-
up areas, which were made towards agricultural lands.

3.1. Land cover change analysis

The dynamics of LULC changes are assessed by analysing the downloaded data with 100 m spatial resolu-
tion from the Copernicus Land Monitoring Service. Later, the data were intersected and interpreted according
to spatial and temporal changes. During the last two decades (2000-2018), nearly all categories of CORINE
Land Cover have experienced changes in their destination. However, more affected were natural areas (agri-
cultural land and forest and seminatural areas), which experienced a decrease, and artificial surfaces, which
experienced an increase. Most changes were detected in the plains, where discontinuous urban fabric was
extended towards agricultural areas. These uneven shifts were a norm in the last two decades in Kosovo and
the LP catchment, where the second biggest city at the country level is located (Prizren).

Table 2. Land Cover classes and their changes during selected years

CLC | O & 2000 2006 2018 Changes
23 CLC description 2000-2018
code | O g Area(ha) | % |Area(ha)| % |Area(ha)| % (ha)
112 Discontinuous urban fabric 465.34 | 1.79 729.53 | 2.80 820.04 | 3.15 354.71
121 | — | Industrial or commercial units 20.52 | 0.08 20.52 | 0.08 9445 | 0.36 73.93
— Q B
122 | £ & | Road and rail networks - - - - 64.34 | 025| 6434
£ 5| and associated land
131 <@ Mineral extraction sites - - - - 2246 | 0.09 22.46
141 Green urban areas 44.66 | 0.17 3948 | 0.15 39.11 0.15 -5.56
211 Non-irrigated arable land - - - - 481.59 | 1.85 481.59
231 Tg Pastures 96.05 | 0.37 9597 | 0.37 - - -96.05
242 “% é Complex cultivation patterns 2,237.03 8.59 | 2,155.73 8.28 | 1,430.80 549 | -806.23
'§, | Land principally occupied by
243 | < agriculture, with significant 3,400.91 | 13.06 | 3,264.94 | 12.54 | 3,470.24 | 13.32 69.33
areas of natural vegetation
311 Broad-leaved forest 7,771.16 | 29.84 | 7,678.28 | 29.48 | 7,915.62 | 30.39 144.46
312 2| Coniferous forest 558.79 | 2.15 51146 | 1.96 502.65 | 1.93 -56.13
313 = % Mixed forest 141.71 | 0.54 119.62 | 0.46 99.42 | 0.38 -42.29
321 ; Tg Natural grasslands 4,864.06 | 18.68 | 5,151.48 | 19.78 | 5,071.22 | 19.47 207.16
322 g ‘g‘ Moors and heathland 569.36 | 2.19 680.10 | 2.61 680.81 | 2.61 111.45
324 | M ‘g | Transitional woodland-shrub 5,637.75 | 21.65 | 5,411.87 | 20.78 | 5,213.59 | 20.02 | -424.17
333 2 Sparsely vegetated areas 138.89 | 0.53 138.89 | 0.53 138.88 | 0.53 -0.01
334 Burnt areas 98.98 | 0.38 4734 | 0.18 — — -98.98
511 | Watercourses 0.18 | 0.00 0.18 | 0.00 0.18 | 0.00 0.00
Total: |26,045.39 [ 100.00|26,045.39|100.00 | 26,045.39 | 100.00

Source: Copernicus Land Monitoring Service

During the last two decades of land cover changes, most of the transformation happened to artificial sur-
faces, which experienced a 196.1% increase, while agricultural land decreased by 6.12%. Other Corine Land
Cover classes like forest and seminatural areas had a steady flow with just -0.8% changes for the analysed
period. Significant changes in artificial surfaces are made due to the increase in built-up areas as discontinuous
urban fabric, mostly in flat areas of Dukagjini Plain, where the city of Prizren and its suburbs are located.
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All types of artificial areas (class codes 112-141) increased in 2018 compared to the first year of records
(2000). Moreover, the increase was made with the discontinuous urban fabric, where in the year 2000, there
was 465 ha, while in 2018, there was an increase of 76%, expressed in absolute values from 465 ha to 820 ha,
making the biggest transformation of plain areas, and covering 4% to catchment's total area. When looking at
spatial changes between the years 2000 and 2006, the increase in discontinuous urban fabric was made from
land principally occupied by agriculture with significant areas of natural vegetation (243) with 162 ha, complex
cultivation pattern (242) 55 ha, transitional woodland and shrub with 36.5 ha, and from green urban areas and
grassland. Such an increase in artificial surfaces is linked with an increase in the population numbers, primarily
by migration after the war in Kosovo (1999), where settlements like Prizren with its suburbs and near regional
roads (towards Lubizhd€, Dushanové, Petrové, etc.) had an increase in population number. Most of the settle-
ment extensions were made towards agricultural land. Between 2006 and 2018, another increase of discontin-
uous urban fabric was heading to 820 ha in the total area of the catchment. The rapid extension of urbanisation
with artificial surface increases was made by constructing new roads and other infrastructure, including com-
mercial units (64.3 ha). Studies made in other countries (Ivancsics et al. 2021) reveal nearly the same process,
where agricultural land has lost its compactness and is fragmented, as revealed in our study. Extension of
discontinuous fabric is not the only concern about landscape transformation. However, the decrease in green
urban areas negatively contributes to urban ecology and the appearance of urban heat islands (Aram et al. 2019,
Knight et al. 2021).
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Fig. 2. Changes in % of CORINE Land Cover classes between 2000 and 2018

Industrial and commercial, as a specific category of artificial surfaces, had an increase from 20.5 ha (2000)
to 94.5 ha (2018), which shows a high increase and is related to the extension of commercial units near main
roads, especially regional roads connecting the city of Prizren with other regional centres. The annual rate of
built-up area extension between 2000-2018 was 9.8%, when compared to Kosovo Plain (the most industrialised
and densely populated area in Kosovo), where it was 4.87%, shows a high rate of changes and landscape
transformation. The main driving forces of landscape transformation are rapid urbanisation in the plains and
the absence of zoning maps for construction and its type.

Because of physiographic conditions, agricultural land in the catchment is only one-fifth of the area
(20.6%). They are located in the western part, mainly in Dukagjini Plain. Based on analysis, while artificial
surfaces experienced an increase, agricultural land areas have decreased in all categories except non-irrigated
arable land. In 2000, the total size of agricultural land areas was 5,516 ha. It decreased to 5,382 ha in 2018
when their direction was toward discontinuous urban fabric, roads and other infrastructure, and non-irrigated
arable land. Over the years, due to the extension of the urban fabric, agricultural land changed to non-irrigated
arable land, mainly near the city of Prizren and other settlements, where land was fragmented over the years
and transformed into a discontinuous urban fabric. Complex cultivation patterns are associated with the near-
settlement areas (suburbs), and their primary destination was cultivation land for agricultural goods. Their
areas decreased by 806 ha and are associated with built-up areas extension, which is currently an extension of
current settlements, with very high housing density, meaning abandoning agriculture as the main economic
sector in the past, towards new possibilities in service activities. In the last century, the agricultural land fund
at the national level has decreased, and it is mostly due to rapid urbanisation. For Kosovo and the population
in Prizren and the suburbs, agricultural land was a critical resource in securing fresh foods and goods for the
urban population. However, the current trend shows a decrease in agricultural land.
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Fig. 3. Land cover changes in the years 2000, 2006, 2012 and 2018

Forests and seminatural areas have experienced small changes in size (-0.8%), from 19,780 ha in 2000 to
19,622 ha in 2018. Physiographic features of the catchment with high altitude and mountainous climate con-
ditions have influenced the distribution of forest and seminatural areas, which cover about 75.3% of the catch-
ment's area. Coniferous forest covered about 502 ha (1.9%) in 2018 and are distributed in the northern slopes
of the catchment, more precisely in the southern and western slopes of Oshlak (2,212 m) mountain with an
east-west stretch, where the southern slope of it belongs to LP catchment. Broad-leaved forest covers about
30.4% of the total area in 2018. Their distribution is mainly in the northern part of Sharr Mts., stretching from
the western part of the catchment at low altitude until the eastern and southern part of the catchment until
1,900 m, where most of them are included in National Park "Sharri" for their pristine landscapes, which in-
cludes not only the national park but also strict nature reserves and natural monuments (Law on National Park
"Sharri" 2012). The highest biogeographical zone in the LP River catchment contains natural grassland
(5,071 ha) and moors and heathlands (680.8 ha), which covered 22.1% of the total catchment areas in 2018,
including high biodiversity values. The second most distributed forest and seminatural areas in the catchment
are transitional woodland shrubs, which covered 5,213 ha or 20% of the total area in 2018 but experienced
a loss of 424 ha compared to the year 2000, being the first rank in forest and seminatural areas, with high-
losses. They have been transformed into a discontinuous urban fabric with 36.5 ha in the year 2006, but also
in another natural class, into a broad-leaved forest (273 ha) in 2018. Some areas were also transformed into
significant areas of natural vegetation. Between 2000 and 2006, 47 ha of coniferous areas were burnt, but later
mostly transformed into mixed forest and grassland, where natural succession occurred, which could be a con-
temporary process of climatic changes.

The analysis made with data from CORINE Land Cover for different years shows changes in areas and
patches, even though they were very small. Changes in the number of patches show the fragmentation of the
natural landscape and disturbing ecological stability. LP has diverse physiographical features where the pop-
ulation is not distributed equally, where its impact would be equal.
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Size metrics and patch density are landscape transformation elements that allow an understanding of eco-
logical processes and their directions (Frazier & Kedron 2017). Landscape metrics allow assessment and con-
servation priority for the future (Midha & Mathur 2010). Based on metrics calculated by ArcMap 10.8, LP
catchment has changed. Still, it could be concluded that mountainous areas have preserved their ecological
stability with minor transformation, impacted by high altitude, climate conditions, and small human footprints.
Otherwise, plain areas have undergone a series of processes where landscape changes are evident. Patches are
indications of landscape compaction or fragmentation. Over the years, some land cover classes have undergone
fragmentation by creating a number of patches or reducing them. In 2000, the discontinuous urban fabric had
4 patches; in 2018, it increased to 14 patches. Other artificial surface classes were created: road and rail net-
works and associated land (2 patches) and mineral extraction sites (1 patch) due to the Albania-Kosovo high-
way's construction. Changes in patches and their size also have forest and seminatural areas. Thus, the broad-
leaved forest had a size increase from 7,772 ha (2000) to 7,917 ha (2018), whereas, from 16 patches with
a mean size of 485 ha, it increased to 565 ha. Other categories that experienced changes were moors and
heathland, which increased from 569.47 ha to 680.94 ha or from 7 patches (mean size 81 ha) to 4 patches
(mean size 170 ha).
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Fig. 4. Visualisation of landscape features and their flow transformation between 2000-2018

The 21st century is well known for the intense urbanisation process, which has altered natural habitats and
fragmented landscapes, mainly with increased artificial surfaces and road infrastructure. Urbanisation pro-
cesses had a very intense shift toward agricultural land in the plains, initiated by population migration from
hilly mountainous areas. Landscape changes, both in abandoned former artificial areas and the new ones, have
accelerated soil erosion (Borrelli et al. 2017), where soil loss and regional food security have been challenged.
Kosovo is a small country in the Western Balkans with a diverse topography and a high percentage of hilly-
mountainous areas, with the actual rate of urbanisation in plain areas jeopardising the environment with a de-
crease in agricultural land.
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4. Conclusions

Since the beginning of satellite observations over the Earth's surface, it has been made possible to track
changes in the natural environment and human impact, and the CORINE Land Cover from Copernicus Land
Monitoring Service has made it possible to determine, analyse, and track changes over the years. Kosovo is
experiencing intense land cover changes over the plains, where intensive population migration has happened
in the last two decades, followed by rapid urbanisation and infrastructure construction. Spatiotemporal changes
from CORINE Land Cover data for the last two decades show changes, mainly in plain areas where agricultural
lands are found. LP River catchment is an example from Kosovo, where settlements are found in high altitudes
(1.110 m), settled in river valleys and smooth mountain ridges. Nevertheless, hilly-mountainous settlements
have experienced population migration towards the city of Prizren and other settlements located near regional
roads, experiencing an increase in industrial or commercial units, road and rail networks and associated land.
Located in terrain with high altitude differences, with some peaks above 2,000 m, forest and seminatural areas
cover 75.3% of the catchment's areas, which had small changes during the 18 years of data analysis. Areas on
flat landforms were covered with agricultural land and served for agricultural production for the urban popu-
lation. However, in 2018, agricultural land decreased by 351 ha, or a yearly rate of 19.5 ha, mostly shifting
towards artificial surfaces.

Based on landform features, Kosovo has a small agricultural land fund, and the tendency is for intense
urbanisation of the land. Recently, with 0.25 ha of agricultural land per capita at the national level, Kosovo
lies under the European level, where a country can secure agricultural goods for its inhabitants. Land cover
changes show human impact on landscape transformation, fragmentation, and ecological instability in the
plains, which can endanger sustainable development and bring society towards unstable food security.

To control the increase of artificial surface towards agricultural land, zoning construction should be imple-
mented, stabilising the agricultural land fund and allowing sustainable development by saving the ecological
stability of the catchment.
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