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abstract: Changes in land cover (LC) are continuously growing due to natural and human factors, and they are even 
occurring within protected areas. In Europe, one such place is the Tatra region (southern Poland), which is the area 
of the presented research. Dynamic landscape transformation in a valuable natural area can negatively affect both 
environmental quality and sustainable land use planning. Appropriate recommendations and treatments can be in-
troduced to prevent negative effects. To do this, it is necessary to understand the dynamics and character of these 
transformations. Therefore, the purpose of the article is to analyse changes in LC, its causes and their spatiotemporal 
dynamics, as well as the resulting landscape fragmentation. For this purpose, a set of landscape metrics and GIS (Geo-
graphic Information System) tools were used. The main data source in the study was the CORINE Land Cover (CLC) 
database. The results indicate a significant landscape transformation with a negative impact on the region’s environ-
ment, even in protected areas. Landscape fragmentation, which causes disturbances in ecosystems, increased across 
the entire study area. In turn, in the spatial development, it can introduce chaos and spatial disorder, and lead to the 
phenomenon of urban sprawl.

Key words: ecological informatics, landscape metrics, protected areas, natural hazard, anthropogenic changes, Tatra 
region

Corresponding author: Katarzyna Pukowiec-Kurda; katarzyna.pukowiec@us.edu.pl

Introduction

The latest findings of scientists on land cov-
er (LC) change are startling in their magnitude. 
Winkler et al. (2021) found that global LC change 
(LCC) is four times greater than previously esti-
mated. They found that over the past 60 years, 
the area of land change has affected a third of 
global land. Similar values of the world’s land 
area undergoing change were estimated by Ellis 
et al. (2010). As a consequence of being aware of 

the magnitude of these changes and how they 
will continue, researchers are attempting to es-
tablish predictions for them (Popp et al. 2017). 
A great deal of research is also underway into 
their consequences for both humans (Young et al. 
2006) and the environment (Prestele et al. 2017). 
Changes in LC bring with them changes in eco-
systems, including ecosystem services (Fu et al. 
2015, Gomes et al. 2021) and therefore have a 
significant impact on the human habitat and an 
even greater impact occurs in protected areas. It 
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is then necessary to carefully plan their further 
management so that the values for which they 
are protected are not lost (DeFries et al. 2007, 
Martinuzzi et al. 2015, Hersperger et al. 2018).

Areas close to or within protected areas 
should be subject to special development plans 
(Vukomanovic et al. 2020). Changes in LC with-
in them should be continuously monitored 
and must not affect their conservation status. 
Unfortunately, these are only the theoretical as-
sumptions of those who developed the concept. 
In reality, many protected areas are subject to 
intensive LCC (Fuller et al. 2019, Asamoah et al. 
2021). These are caused by both human factors 
(urbanisation, agricultural development and 
tourism development) and natural ones (natu-
ral disasters, climate change, etc.) (Rodríguez-
Rodríguez et al. 2019). In addition, an important 
aspect is their geographical location and degree 
of uniqueness. If they are rare areas, e.g. high 
mountains, wetlands with Natura 2000 habitats 
or UNESCO biosphere areas, the degree of con-
servation should be even stronger (Alphan 2017). 
Nevertheless, even in areas such as these, there 
are changes in LC, if not for human reasons, then 
for natural ones, and the consequences for these 
pristine environments are clear to see.

Information about LC and the dynamics of its 
changes are crucial for landscape research and 
spatial management (Solon et al. 2018, Ledda et 
al. 2019). They are the aim of study for many re-
searchers (Lu et al. 2003, Long et al. 2007, Jjumba, 
Dragićević 2012). Very often, a LC database, such 
as CORINE Land Cover (CLC), or other similar 
data sources are used as material (Gimona et al. 
2009, Cieślak et al. 2020, Naranjo Gómez et al. 2020, 
Śleszyński et al. 2020). The application of quanti-
tative and qualitative analyses, as well as statisti-
cal landscape metrics, allows for better monitor-
ing of the landscape and the entire environment, 
which many researchers have paid attention to 
in their studies (Solon 2002, zhang, Wang 2006, 
Richling, Solon 2011, Sobala, Pukowiec-Kurda 
2016, Pukowiec-Kurda, Vavrouchová 2020). One 
very important phenomenon of land change is 
landscape fragmentation, which has been stud-
ied in many works (Atasoy 2018, Lam et al. 2018, 
zambrano et al. 2019). In recent years, the im-
portance of such analyses concerning Central 
Europe as well as Poland has grown, along with 
an increased pace of LC dynamics connected 

with the political and economic transformations 
in 1989 and later in 2004, after Poland acceded to 
the European Union (Kijowska et al. 2010, Sikora 
2012, Wężyk et al. 2013, Krajewski et al. 2017b). 
Research on LCC has therefore been carried out 
in the Czech Republic (Bičík, Kupkova 2007, Van 
Rompaey et al. 2007, Vavrouchová, Toman 2013), 
Slovakia (Šveda 2010, Vojtek, Vojteková 2018) 
and Hungary (Cegielska et al. 2018, Németh et 
al. 2021). Similar research has also been conduct-
ed in the Baltic Countries (Jõgiste et al. 2015) and 
Eastern Germany (Pleninger, Schaich 2014).

Of course, the most important from the point of 
view of this study is the work on land use changes 
in protected areas. Protected areas in the United 
States from this perspective were studied by the 
team of Martinuzzi et al. (2015). European nation-
al parks and their surroundings were studied by 
Mingarro and Lobo (2023). On the other hand, the 
theoretical approach of studying land use change 
in protected areas and surroundings is presented 
by the work of DeFries et al. (2007). A paper on 
spatial changes due to tourism in the study area 
was presented by Hełdak and Szczepanski (2011). 
An important work on land use changes in the 
Western Carpathians was many times presented 
by Bucała-Hrabia (2017, 2018).

The aim of this article is to analyse changes 
in LC, its causes and their dynamics in the Tatra 
region (southern Poland). The selected area in-
cludes the Tatra National Park (Tatra NP) and 
the surroundings and the selected period for 
analysis is 2000–2018. The Tatra NP is strictly 
protected and is home to rare species, as well as 
those protected by international law (Kubak et 
al. 2020). For this reason, the area of the national 
park, as well as the neighbouring areas, should 
have relative stability in the processes of land 
change. However, a popular mountain resort—
zakopane—is located in the immediate vicinity 
of the park. In recent years, the phenomenon of 
overtourism has been diagnosed there (Murzyn-
Kupisz, Hołuj 2020), and consequently, the ex-
pansion of tourist infrastructure has occurred. 
Unfortunately, these activities are not without 
impact on the adjacent protected area (Senetra 
et al. 2020, Fidelus-Orzechowska et al. 2021). So, 
what are the LCC in this area, and do they signif-
icantly affect the national park? Are they a threat 
to it? In need of answers to these questions, a 
study of LCC in the Tatra region was designed.
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Materials and methods

Study area

The research area is the Tatra and its north-
ern foreland in the article, for easier understand-
ing, referred to as Tatra region, which is locat-
ed in the southernmost part of the Małopolskie 
Voivodeship in Poland (Fig. 1). The area of the 
Tatra region is 471.6 km2, and the population is 
67,719 people (Bank Danych Lokalnych 2020). 
The largest city and the only urban municipali-
ty in the region is zakopane. In terms of the re-
gion’s geographic location, it is divided into six 
sections: Wysokie Tatry, Tatry zachodnie, Tatry 

Reglowe, Bruzda Podtatrzańska, Magura Spiska 
and Pogórze Przedtatrzańskie (Solon et al. 2018).

With the inclusion of five different mesore-
gions, there is a great variety of terrain relief, 
which is a factor that makes the area exception-
ally attractive for tourists and settlement. The re-
gion of Wysokie Tatry (High Tatras) in particular 
is characterised by unique natural values, and 
it is one of the best examples of glacial relief in 
the entire country. The region’s landscape has 
several glacial landforms, like U-shaped valleys, 
middle, side and bottom moraines, and glacier 
cirques. Most of the lakes are tarns located in the 
cavities of cirques (Klimaszewski 1988). The big-
gest and most recognisable ones are Morskie Oko 
and Wielki Staw, both located in the High Tatras.

In the southernmost point of the area, there is 
the highest mountain peak in Poland, Rysy (2499 
m a.s.l.). The lowest point of the area is the val-
ley of Dunajec by Nowy Targ, where the absolute 
height is 641 m a.s.l. As a result, the study area is 
subject to altitudinal zonation of its climate and 
flora (Hess 1965). This is the most important con-
dition shaping LC in the Tatra region. It creates six 
vegetation layers: the foothills zone, lower mon-
tane zone, higher montane zone, subalpine zone, 
alpine zone and crag zone (Fabijanowski 1962). 
The research area is located in the mixed temper-
ate climate zone but belongs to the alpine climatic 
region (Woś 2008). A characteristic feature of the 
regional climate is the so-called halny, which is a 
type of foehn wind. It is a dry and gusty wind that 
causes windfall and damage to forests.

The outstanding natural beauty of the High 
Tatras and their importance for the whole eco-
system resulted in the creation of the Tatra NP in 
1955. Its area is 21,164 ha. Both the Tatra NP and 
the neighbouring Slovak national park, TANAP, 
have had the status of international UNESCO 
biosphere reserves since 1993 (UNESCO 2022).

Data sources

The primary data source is the CLC data-
base, which is a part of the European programme 
Coordination of Information on the Environment 
(CORINE), which is led by the European 
Environment Agency. It was mainly created 
through the use of a semi-automatic method of 
visual interpretation of high-quality satellite im-
ages (Landsat, RapidEye, IRS, SPOT-4). The CLC 

Fig. 1. Location of the Tatra region in Poland (A) with 
information about its CORINE Land Cover classes (B).
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database is available for the years 1990, 2000, 
2006, 2012 and 2018. Currently, the CLC pro-
gramme covers most European countries, includ-
ing Poland. The data used in the study was down-
loaded through the website of the Inspectorate 
of Environmental Protection (pol. Inspektorat 
Ochrony Środowiska) (CORINE Land Cover 2022).

As auxiliary research material, the authors 
used the current orthophoto map obtained from 
the National Geoportal (geoportal.gov.pl). It al-
lowed the results to be verified, thus facilitating 
a more reliable analysis. Apart from the above, 
the study used plans and sketches made during 
the field study, as well as acquired photographic 
documentation.

The software used for the spatial analyses is 
the licensed geoinformation programme ArcGIS 
v.10.7.1. Landscape fragmentation metrics were 
calculated using a free V-late plug-in (Vector-
based Landscape Analysis Tools, v.2.0) for 
ArcGIS software. Calculations of the indicators of 
landscape changes were done in Microsoft Excel 
software.

Research procedure

For the purpose of analysing LCC and land-
scape fragmentation, the research procedure 
was divided into three stages (Fig. 2). The spatial 
phenomena were quantified with the use of land-
scape metrics based on measurements of the ho-
mogeneous elements of the landscape (patches).

The first stage of the research was a statistical 
analysis of the increases and decreases of the iden-
tified LC forms in the entire period of study cov-
ering the years 2000–2018. For this purpose, the 
authors used the index of landscape change (ICh), 
which expresses the percentage value of changes 
in a given LC form (Vavrouchová, Toman 2013). 
The greater it is, the greater the change of a given 
LC form is. A value of 0 means that no change 

occurred. The index was calculated for each of 
the LC forms, for the entire period of 2000–2018, 
as well as for the three sub-periods: 2000–2006, 
2006–2012 and 2012–2018. The index of landscape 
change is expressed using the following formula:

  

where:
 – ICh – Index of landscape change (%); for the 

same LC form in the period between years X 
and Y,

 – rax – area occupied by LC type A in year X,
 – ray – area occupied by LC type A in year Y,
 – c – total area of the Tatra region.

In the second part of the research, the authors 
analysed the spatial structure of LCC. For this 
purpose, a cartogram presenting the percentage 
share of LCC was created for each sub-period. 
The class intervals for the cartogram were based 
on relative data (area of changes in ha km−2) and 
a square was chosen as the base field. Thanks to 
cartographic representations of the phenomena, 
it was possible to indicate where the most chang-
es in the form of LC took place.

The third research stage was dedicated to the 
analysis of landscape fragmentation in the years 
2000–2018. To do this, the authors computed a 
set of six simple landscape fragmentation met-
rics. The metrics, along with their mathematical 
formulas and abbreviated forms used in the fol-
lowing chapters, are presented in Table 1. Apart 
from the metrics-based analysis, this stage was 
extended using a graphical representation of the 
Landscape Division Index (LDI) for each of the 
LC forms in the study area. The results obtained 
from the analysis and the available published 
works will allow the last phase of research to for-
mulate regularities about the causes of the ongo-
ing fragmentation of the landscape.

Results

Analysis of the share and dynamics of 
particular LC forms

When comparing the values of the landscape 
change index of individual LC forms, it can be 
concluded that both urban and agricultural Fig. 2. Methodology workflow.

http://geoportal.gov.pl
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areas, as well as forest and semi-natural areas, 
have been subject to significant changes. It is pos-
sible to observe a wide range in the value of this 
indicator (Table 2). The overall ICh was 13.16%, 
which points to high dynamics of LCC in the re-
search area.

In the category of urban areas (CLC level I), 
each of the LC classes has increased its share of 
the area. One of the strongest increases in the 
share of the area occurred in urban fabric (112). 
An increase was observed in the case of sports 
facilities (142). Over time, green urban areas (141) 

Table 1. Landscape fragmentation indexes.

Index Name Formula Notes Level of 
operation* Source

NP Number of 
Patches – – Landscape 

level
MPE Mean Patch 

Edge
MPE = (e1 + e2 + ... + en) ÷ n e – edge of the patch (m)

n – the number of patches 
in the selected LC class

Class level McGarigal and 
Marks (1995), 

zhang and Wang 
(2006)

MSI Mean Shape 
Index

MSI = (e ÷ A) e – edge of the patch (m)
A – total area of 

landscape

Class level McGarigal and 
Marks (1995), 

zhang and Wang 
(2006),

SDI Shannon’s 
Diversity 

Index

pi – proportion of 
individuals belonging 

to the ith LC class in the 
landscape

Landscape 
level

Urbański (2008), 
Sobala and 

Pukowiec-Kurda 
(2016)

SEI Shannon’s 
Evenness 

Index

SEI = (SDI ÷ max(SDI)) SDI – actual value of 
Shannon’s Diversity 

Index
max (SDI) – maximal 

possible SDI value

Landscape 
level

Urbański (2008)

DIVISION Landscape 
Division 

Index

i – LC class
aij – area (m2) of the patch

A – total area of 
landscape

Class level Urbański (2008)

* Landscape level – the index is calculated for the entire landscape as one value; class level – the index is calculated 
for each LC class.

Table 2. Values of index of landscape change for particular land cover forms according to the CORINE Land 
Cover classification in the Tatra region (ICh value—green colour when the share of a given LC form has in-

creased and red colour when the share of a given LC has decreased).

CLC code
Area [ha] ICh [%]

2000 2006 2012 2018 ICh00–06 ICh06–12 ICh12–18 ICh00–18

112 1735.21 1839.39 2399.88 2972.04 0.11 0.59 0.61 1.31
141 0.00 18.78 17.05 18.18 0.02 0.00 0.00 0.02
142 23.10 22.95 21.24 129.36 0.00 0.00 0.11 0.11
211 2634.21 2687.80 16258.58 4626.12 0.06 14.39 12.33 2.11
231 14225.05 14317.34 4284.58 12295.75 0.10 10.64 8.49 2.05
242 2079.09 1904.76 982.94 910.70 0.18 0.98 0.08 1.24
243 3136.02 3035.51 2387.99 2341.27 0.11 0.69 0.05 0.84
311 97.59 458.98 113.98 121.66 0.38 0.37 0.01 0.03
312 14856.89 14811.78 13638.78 13243.95 0.05 1.24 0.42 1.71
313 679.73 388.05 451.19 582.83 0.31 0.07 0.14 0.10
321 2406.07 2403.38 2074.84 2697.85 0.00 0.35 0.66 0.31
322 2159.93 2151.63 2057.61 2033.98 0.01 0.10 0.03 0.13
324 410.64 429.77 456.00 2874.62 0.02 0.03 2.56 2.61
332 2348.89 2322.01 1646.70 1783.19 0.03 0.72 0.14 0.60
333 291.07 291.38 279.61 436.38 0.00 0.01 0.17 0.15
511 0.00 0.00 18.88 20.04 0.00 0.02 0.00 0.02
512 76.53 76.50 70.15 72.06 0.00 0.01 0.00 0.00

Overall ICh 1.38 30.19 25.81 13.36
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have appeared, but the share of the area occupied 
by this LC form remains insignificant.

In the category of agricultural areas (CLC lev-
el II), an increase was only observed in the case of 
arable land (211). On the other hand, there was a 
notable shrinkage in pastures (231). A more sig-
nificant decrease occurred in the case of complex 
cultivation (242) and land principally occupied 
by agriculture (243).

When it comes to the category of forest and 
semi-natural areas (CLC level III), a slight increase 
in its share was observed in broad-leaved forests 
(311) and grasslands (321), as well as sparsely 
vegetated areas (333). The class which increased 
its area the most is the transitional woodland 
shrub (324). It has enlarged its share several times 
(ICh = 2.61%). However, this goes together with a 
decline in the area occupied by coniferous forests 
(312) and rocks (332). Shrinking of mixed forests 
(313) and moors (322) was also observed, but to a 
smaller extent.

In terms of LC dynamics in the three sub-pe-
riods, the results point to a significant disparity 
in the values of overall ICh. In the first sub-pe-
riod, the changes remained insignificant (ICh06–12 
= 1.38%), while in the second and third sub-pe-
riod, they were much greater (ICh12–18 = 30.19%; 
 ICh12–18 = 25.81%). Thus, LCC are becoming more 
and more rapid in the Tatra region. However, 
this is mainly caused by extraordinarily high dy-
namics in only three categories: arable land (211), 
pastures (231) and woodland shrub (324).

Analysis of the spatial structure of dynamics 
of LCC

The elaborated cartograms presenting the 
spatial distribution of changes confirm the ten-
dency described in the previous sub-chapter (Fig. 
4), and the graph shows the ICh values for the 
sub-periods studied (Fig. 3).

In the area of the Tatra National Park, al-
though the landscape is changing, they are twice 
as weak as in the surrounding area. This regulari-
ty applies to both the second and third periods of 
analysis. This means that the high value of the in-
dicator for the entire research area results mainly 
from changes taking place in the surroundings of 
the national park, not the park itself.

In the first period, the total area of LCC is rela-
tively small, amounting to 622.45 ha (Fig. 4), and 

it is mainly concentrated in the central part of the 
area, in zakopane and Poronin. Some changes 
also occurred in the Tatra NP. In the eastern and 
northern parts, the LCC are negligible, and in 
most of the areas, there are no changes recorded.

In the next sub-period, the changes amount 
to 8214.52 ha, so they are several times larger. 
In this case, LCC are concentrated mainly in the 
north-western part of the area, in the munici-
palities of Biały Dunajec and Poronin (Fig. 4). 
Referring the figures of the LC structure, it is 
possible to observe that some significant changes 
(1961 ha) are due to the transformation of pas-
tures into arable land.

The third period (2012–2018) is also character-
ised by a very large total area of LCC (10,417.52 
ha). The most important similarity to the pre-
vious period is the concentration of changes in 
the north-western part of the area and reoccur-
ring transformation of arable land into pastures 
(Fig. 4). However, unlike the previous period, 
in the years 2012–2018, there were also radical 
landscape transformations within the Tatra NP 
caused by the transformation of coniferous for-
ests into woodland shrubs.

Analysis of landscape fragmentation

The major finding in the analysis of landscape 
fragmentation was a significant increase in the 
number of patches, 259 in 2000 and 268 in 2018. 
On a landscape level, the calculation of Shannon 
Diversity Index (SDI) indicated a growing diver-
sity of LC forms in the district’s landscape over 
the years (from 1.869 to 2.070), which was caused 

Fig. 3. Index of landscape change (ICh) inside and 
outside Tatra NP in the period of 2000–2018.
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by the appearance of green urban areas, sports 
facilities and water courses. Simultaneously, the 
change in Shannon Evenness Index (SEI) (from 
0.690 to 0.731) showed that relative proportions 
of the various LC forms have become slightly 
more even.

On a class level, the analysis of Mean Patch 
Edge (MPE), Mean Shape Index (MSI) and 
DIVISION indexes draws attention to their high 
dynamics in several classes. In terms of the MPE 
values, the LC forms that increased their MPE 
are urban fabric (112), moors (322), grassland 
(321), woodland shrub (324), rock (332), sparse-
ly veg. (333) and water courses (511, Table 3). At 
the same time, three forms of LC decreased their 
MPE in 2000–2018: arable land (211), coniferous 
forests (312) and mixed forests (313). There are 

also many LC forms that are not very dynamic: 
green urban areas (141), pastures (231), complex 
cultivation (242), land principally occupied by 
agriculture (243) and broad-leaved forests (311).

Analysing the MSI, the decreasing values of 
which indicate the simplification of geometry, 
there are also five forms of LC with a down-
ward tendency: urban fabric (112), arable land 
(211), complex cultivation (242), grassland (321) 
and sparsely veg. (333, Table 4). There are sev-
en LC forms with the opposite tendency: sports 
facilities (142), pastures (231), coniferous forests 
(312), mixed forests (313), moors (322), woodland 
shrubs (324) and rock (332). Their areas are get-
ting more and more complex and fragmented. 
These are mostly forest and semi-natural areas, 
which are mainly present in the national park.

Fig. 4. Land cover changes in the Tatra region in the 2000–2006–2012–2018 periods.
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The most spectacular results concerned the 
changes in the LDI in the different LC forms 
(Table 5). First of all, the LC categories can be di-
vided into three groups. The first are those char-
acterised by constantly low fragmentation: green 
urban areas (141) and sports facilities (142). The 
second is those with constantly high fragmen-
tation: pastures (231), complex cultivation (242), 

land principally occupied by agriculture (243) 
and woodland shrubs (324). There are also those 
whose degree of fragmentation has changed sig-
nificantly: urban fabric (112), arable land (211), 
broad-leaved forests (311), coniferous forests 
(312), mixed forests (313), grassland (321), rock 
(332) and sparsely veg. (333). The spatiotempo-
ral differentiation of LDI has been visualised 
in Figure 5. It is significant that agricultural LC 
forms, like arable land (211), pastures (231), com-
plex cultivation (242) and land principally occu-
pied by agriculture (243), had LDI values that 
were clearly higher than others. Most of them 
had very slight fluctuations in LDI in the follow-
ing years. The complete opposite are those LC 
forms belonging to the category of forests and 
semi-natural ecosystems. Their fluctuations be-
tween 2000 and 2018 reached as much as several 
dozen per cent in both directions.

When analysing the cartograms showing the 
LDI for each of the studied years, completely dif-
ferent directions can be observed in the northern 
and southern parts. First of all, the southern part 
of the Tatra region, located within the park and 
dominated by forests, has much lower LDI val-
ues than the northern part for the first analysed 
years (2000; 2006). This regularity is not so dis-
tinct in the case of the last two analysed years 
(2012; 2018). Moreover, during this time, the 

Table 5. Landscape Division Index (LDI) in the Tatra 
region in the 2000–2018 period for selected land cover 

forms.

LC form
LDI

2000 2006 2012 2018
112 71.76 73.94 50.33 57.49
141 – 0.00 0.00 0.00
142 0.00 0.00 0.00 30.58
211 34.04 34.04 56.92 82.11
231 90.60 90.44 87.08 94.10
242 95.09 95.31 94.59 94.93
243 96.87 96.76 96.36 96.17
311 44.77 63.08 60.24 60.85
312 20.28 21.11 60.88 67.30
313 30.45 34.55 28.36 47.02
321 80.29 79.67 73.01 67.98
322 77.17 77.10 77.61 65.80
324 90.17 89.94 80.62 88.58
332 42.58 41.15 25.74 0.00
333 44.23 44.23 62.15 77.02
511 – 0.00 0.00 0.00
512 62.71 62.71 62.61 64.07

Table 3. Mean Patch Edge (MPE) in the Tatra region 
in the 2000-2018 period for selected LC forms.

CLC code
MPE [m]

2000 2006 2012 2018
112 14 367.00 12 397.14 15 228.02 15 063.99
141 0.00 2 557.64 2 557.64 2 557.64
142 3 109.36 3 109.36 3 109.36 8 495.38
211 12 735.41 12 735.33 26 570.53 4 144.60
231 12 429.33 12 495.35 9 969.87 11 031.61
242 5 588.21 5 506.85 5 453.74 4 733.83
243 5 265.41 5 393.80 5 577.05 5 478.32
311 3 824.21 3 934.29 3 804.81 3 784.66
312 18 097.87 17 500.69 15 868.58 17 768.00
313 9 271.88 10 256.72 10 259.33 7 865.39
321 7 880.22 7 945.46 10 764.73 12 471.43
322 14 040.35 14 004.48 14 659.31 22 307.29
324 4 266.16 4 284.40 3 943.19 6 878.49
332 13 777.95 13 595.98 10 604.71 54 742.03
333 1 229.49 1 229.49 3 191.27 3 698.45
511 0.00 2 623.02 3 690.03 3 533.54
512 2 623.03 12 397.14 2 620.30 2 616.70

Overall MPE 9451.12 9413.86 9964.18 9822.28

Table 4. Mean Shape Index (MSI) in the Tatra region 
in the 2000–2018 period for selected land cover forms.

LC class
MSI [m]

2000 2006 2012 2018
112 2.991 2.767 2.816 2.736
141 – 1.398 1.398 1.398
142 1.523 1.523 1.523 2.342
211 2.688 2.688 2.835 1.672
231 2.244 2.212 2.332 2.291
242 2.019 2.010 1.997 1.886
243 1.877 1.894 1.904 1.884
311 1.785 1.822 1.807 1.776
312 2.488 2.468 2.430 2.515
313 2.152 2.400 2.294 3.117
321 2.815 2.819 2.575 2.319
322 2.441 2.436 2.378 2.722
324 2.267 2.041 1.918 2.418
332 2.586 2.570 2.097 3.499
333 3.986 3.986 2.592 2.018
511 – – 2.696 2.840
512 1.209 1.209 1.210 1.227

Overall MSI 2.276 2.259 2.238 2.228
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fragmentation of this part increased dramatical-
ly. This is related to the influx of new LC forms 
into previously homogeneous areas, especially in 
the Tatra NP.

The northern part of the area is characterised 
by completely opposite values, and it is dominat-
ed by highly fragmented agricultural areas. The 
year 2012 stands out from the rest of the analysed 
years. Referring to the CLC maps, a large area in 
the northwest was briefly reclassified from com-
plex cultivation (242) to arable land (211), and 
consequently, the LDI decreased temporarily. In 
the last year, the share of land with an average 
LDI value also increased in the north. Taking this 
into account, it can be concluded that the degree 
of LDI contrast between the areas in the south 
(protected) and the north (urbanised) decreased 

over the years 2000–2018, with a simultaneous in-
crease in the share of areas with high LDI values.

Discussion

Landscape dynamics

The latest research on landscape transfor-
mation has indicated in recent years that the 
speed of these changes is accelerating. They are 
being carried out at global as well as national 
and even regional scales. Such studies have also 
been conducted in Poland, in various regions 
of the country, both in rural areas (Krajewski 
et al. 2017a, Krajewski 2019) and in metropoli-
tan ones (Pukowiec-Kurda, Vavrouchova 2020). 

Fig. 5. Landscape Division Index values in the Tatra region in the 2000–2018 period for each patch of landscape. 
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Landscape changes in these areas were in the 
range of a few to several per cent of the ICh. This 
means that a percentage of the area changed from 
one type of cover to another over the time period 
studied. The results of this index obtained in the 
Tatra region indicate an extremely high degree 
of spatial change, which is several times higher 
than in other regions of Poland (Łowicki 2008, 
Krajewski 2019, Pukowiec-Kurda, Vavrouchová 
2020). This indicates the existence of large causal 
forces responsible for land transformation. It also 
indicates the dynamics of these transformations. 
In the first studied period, 2000–2006, the rate of 
change was small. However, in the second pe-
riod, 2006–2012, it underwent dynamic growth. 
This means that during this period, one-third of 
the area of the entire region changed from one 
type of LC to another. Comparing the results of 
this study with those of other authors (Krajewski 
et al. 2018), one can speak of the uniqueness of 
this area in terms of the strength and speed of 
landscape transformation. Moreover, the con-
siderable variation in relief, and thus in climat-
ic conditions, vegetation types, etc., in the study 
area is the natural basis for the functioning of 
different landscape processes. Thus, the same 
phenomenon operates with different dynamics 
in the foothills and high mountains, for example, 
overgrowth of fields in the foothills and natu-
ral succession of the forests after windthrow in 
the Tatras.

The reasons for these transformations can be 
traced back to a variety of sources. The first is the 
socio-economic and political transformation in 
Central Europe in the period after 2004 (Deslatte 
et al. 2022). The period studied, 2006–2012, is 
characterised by the highest transformation rate 
in any area studied in Poland. This period fol-
lows shortly after the accession of Poland and 
neighbouring Central European countries to the 
European Union (Bucała-Hrabia 2018). During 
this period, there was an economic acceleration, 
with many investments in both housing and ser-
vices, the development of road networks and 
the creation of new industrial and technological 
spaces. It was also a period of increased work in 
the field of nature protection, e.g. the establish-
ment of Natura 2000 areas. All this has influ-
enced changes in LC. As a result of increasing 
urbanisation, new residential areas have been 
created, especially on the urban periphery, road 

density has increased, and shopping centres, ser-
vice and storage areas have been created. These 
human-influenced transformations have also 
occurred in zakopane and neighbouring tourist 
destinations. These changes have been particu-
larly evident in this region due to the investment 
and rapid development of tourism. Large hotel 
complexes, restaurants, ski resorts and addition-
al tourist attractions such as aquaparks have been 
built (Fidelus-Orzechowska et al. 2021), as well as 
second houses (Mika, Faracik 2008). At the same 
time, the local population began to change their 
lifestyle and shift their work from farming to 
tourism. This is evident in the conversion of ag-
ricultural land (arable fields, pastures, etc.) into 
wasteland or development for tourism and resi-
dential purposes. The role of tourism in the con-
temporary transformation of space in the Tatra 
Mountains is also highlighted by Rączkowska 
(2021). In turn, Bucała-Hrabia (2018) writes about 
the abandonment of agriculture in the Polish 
Carpathians after the fall of communism in 1989, 
which is evidence of the prevalence of this phe-
nomenon in the study area.

The rapid changes in the Tatra region can also 
be attributed to the attractiveness of its location. It 
attracts those investing in the tourist industry on 
the one hand, and people wanting to live in beau-
tiful surroundings in the neighbourhood of pro-
tected areas on the other (zbierska 2022). Hence, 
the rapid development and building up of plots 
of land. The district’s attractiveness comes from 
its geographical location in a valley at the foot 
of the highest mountains in Central Europe, the 
closeness of the Tatra National Park, the possibil-
ity of living with a beautiful view of the Tatras, 
the clean environment and the close proximity of 
good tourist infrastructure, especially for skiing.

The above-described causes are mainly man-
made. However, a large part of the region is un-
der strict legal protection in the national park 
area. By analysing the transformation maps, it 
can be seen that these areas have also been sub-
ject to rapid transformation (zbierska 2022). It 
is known that the cause of such large changes 
in the nature protection area could not be man-
made. In the study period, 2000–2018, several 
extreme windfall events occurred in the Tatra 
area (Falt’an et al. 2020). Significant forested ar-
eas were devastated, transforming spruce forests 
into treeless areas. This change was recorded 
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in the LC database and detected in the applied 
landscape change index. The force of this wind-
throw was so great that it is possible to speak of 
significant land transformation in the Tatra NP 
(Bodziarczyk et al. 2019). Moreover, in addition 
to the windthrow, there were other natural forces 
that also affected land use in the Tatras. These in-
cluded debris flow or snow avalanches, as point-
ed out by Spyt et al. (2020) in their study. Thus, 
the second cause of change is the forces of nature. 
It is interesting to note that both factors respon-
sible for the transformation of the landscape—
humans and nature—interacted with great force 
at the same time. This combination of these two 
forces has resulted in spectacularly huge changes 
in the study area over the analysed time period.

Landscape fragmentation

Rapid changes in LC were reflected in the oc-
currence of landscape fragmentation in the stud-
ied area. Its appearance was influenced by anoth-
er factor, which is the lack of spatial planning and 
chaotic land development (Duarte et al. 2018). At 
the investment planning stage, no analyses of 
spatial design were carried out. New buildings 
were built chaotically, sometimes on random 
plots of land (Ćwik, Hrehorowich-Gaber 2021). 
This resulted in the fragmentation of landscape 
patches (LC patches) revealed in the research. 
The area of individual patches decreased, while 
their number and the length of their borders in-
creased. In the case of the action of the second 
driving force—nature—it is difficult to talk about 
planning. Due to their nature, extreme events 
produce chaotic and unplanned consequences. 
Therefore, the fragmentation phenomenon also 
applies to the area of the national park (Kubacka 
et al. 2022) with the area of the forest felled by 
winds. The shapes of the windfall areas are also 
irregular; they occur in several places and are 
random and incidental in space.

The phenomenon of landscape fragmentation 
is common and characteristic in urbanised areas, 
as well as being subject to mainly human influ-
ence and its constant investment (Jaeger et al. 
2016). In the case of the development of agricul-
tural areas or naturally valuable areas, e.g. for-
ests, meadows and wetlands, we can talk about 
the loss of ecosystems or at least disturbances in 
their existence. The development of such types 

of cover also involves the loss of the ecosystem 
services they provide (zambrano et al. 2019). 
Another effect of anthropogenic changes is the 
creation of new barriers in space, e.g. in the form 
of fences, transmission lines, roads and large 
concrete areas. These are often an insurmount-
able barrier for animals. In this case, ecological 
corridors can also be threatened, both as a result 
of the fragmentation of the landscape (fragmen-
tation, separation of patches into smaller ones) 
and the formation of barriers. All these ecological 
effects are detrimental to nature in urbanised are-
as (Atasoy 2018). However, their effects are much 
more visible in naturally valuable areas. The fall 
of tree cover disrupts the operation of the forest 
ecosystem. It breaks the continuity of the ecolog-
ical corridor that the forest offers or causes per-
forations in it. As a result of windfall, valuable 
forest ecosystems, along with all their functions, 
such as water retention, slope stabilisation and 
habitat for plants and animals, are lost (Jaworek-
Jakubska et al. 2020). This is particularly signifi-
cant in the Tatra NP area since it is inhabited by 
rare and protected species, such as the brown 
bear. Once again, the action of a double changing 
force, in this case, fragmenting the landscape of 
the Tatra region, is revealed—man and nature. 
Man, mainly changes the areas of the city and its 
surroundings, and the forces of nature destroy 
the areas of the national park.

Landscape metrics as a tool for landscape 
change identification

Landscape metrics have been used for years 
to determine various landscape parameters 
(McGarigal, Marks 1995, Urbański 2008). Some 
of the most common are analyses of landscape 
change, including landscape fragmentation, 
both using the landscape change index and other 
more sophisticated mathematical and statistical 
tools. One of the most substantial advantages of 
using landscape metrics is that the landscape can 
be monitored by determining a set of indices in 
successive years (Peano, Cassatella 2011). They 
give measurable and comparable results reveal-
ing changes in the landscape. Furthermore, using 
statistical models, predictions of future land-
scape changes can be made. Measurability, ease 
of use and universality are among the greatest 
advantages of landscape indices.
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Another remarkable advantage of using land-
scape indicators as tools to determine its changes 
is their universality. They are used by researchers 
from many disciplines on examples from differ-
ent regions (Cassatella, Peano 2011, Li et al. 2021). 
Therefore, it is possible to compare results, even 
on a global scale. Reference can be made to in-
dicator values obtained in geographically similar 
areas and areas that are quite different.

However, the use of landscape indicators, like 
any method based on the use of a cartographic 
database, has its limitations. Some of these relate 
to the materials used and others to the metrics 
themselves. In order to avoid errors of interpre-
tation, the set of indicators should be appropri-
ately selected for the purpose and the scale of 
the study. Depending on the degree of precision 
of the research, different metrics can be used as 
they relate to different degrees of detail, e.g. some 
only to patches of a landscape, others to the en-
tire landscape (Inkoom et al. 2018). The results of 
indicators are often dependent on the size of the 
study area and its landscape diversity. The best re-
sults are given by large-scale analyses at a smaller 
scale, e.g. regional, than by small-scale analyses, 
e.g. within a municipality or parcels. Limitations 
relating to the materials used most often relate to 
their validity and the degree of accuracy, gener-
alisation and the way in which the satellite image 
was processed into a vector model (Śleszyński et 
al. 2020). In the latter, interpretation errors often 
occur, resulting, for example, from automation of 
the process. One of these is the misreading of sat-
ellite images and the incorrect classification of ar-
eas. Such an error is unfortunately present in the 
CLC database, which is revealed in the classifica-
tion of the same area into two different types in 
successive analysed years. Nevertheless, the da-
tabase is still useful due to its undergoing regular 
updates, its coverage of the entire study area and 
its universality and accessibility for the whole of 
Europe (Cieślak et al. 2020).

Conclusions

The article identifies the dynamics of land-
scape transformation and the most important 
landscape processes in the Tatra region. Particular 
attention was paid to landscape fragmentation, 
which is of key importance in shaping the space 

in the research area, and its consequences relate 
to spatial planning and the quality of the natu-
ral environment. The main directions of LCC 
to be determined are increase in urbanised ar-
eas, shrinkage of agricultural areas with simul-
taneous agricultural internal conversions and 
appearance of large-scale tourism investments. 
The changes mentioned above take place in the 
surroundings of the national park, not within it. 
However, some of them are located close to the 
border of the park (e.g. construction of hotels) 
and may indirectly affect the park’s ecosystem. 
However, it certainly disturbs the landscape sur-
rounding the national park. The environment in 
the national park is directly affected by the loss 
of compact forest area in the Tatra NP as a result 
of natural incidents. These cannot be predicted, 
but are incidental and spatially limited. The on-
going changes are taking place in the very sensi-
tive environment of the national park and its im-
mediate surroundings. Unfortunately, we cannot 
predict or influence violent natural phenomena. 
However, when it comes to the transformation of 
the landscape surrounding the park, special at-
tention should be paid to spatial planning, as the 
negative effects of fragmentation are a threat to 
the traditional Tatra landscape.

On the basis of the current landscape trans-
formation that occurs in the Tatra region, the au-
thors make a prediction that further increases in 
the share of urban areas will go together with a 
continuous decline in the role of agriculture and 
the appearance of tourist investments. Moreover, 
uncontrolled sprawl of the built-up fabric will 
lead to spatial chaos. Many localities will lose 
their compact development character and thus 
their traditional spatial layout. The phenomenon 
of urban sprawl will begin to appear around ur-
ban areas, which generates a number of spatial 
consequences: the need to bring in infrastruc-
ture, longer commuting times and increased dis-
tances to urban services (schools, hospitals and 
cultural facilities). This will increase the cost of 
maintaining such neighbourhoods. In addition, 
through dispersed settlement, spatial order will 
be disrupted, which will visually affect the local 
landscape, currently very valuable. In order to re-
duce the fragmentation that is already occurring, 
it would be advisable to introduce sustainable 
spatial planning principles in the built-up areas 
surrounding the national park. Fragmentation 
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can be reduced by introducing the principle of 
compact construction, not building in scenic 
axes, foregrounds and on slopes outside existing 
buildings. Spatial order is also positively influ-
enced by the cultivation of agricultural traditions 
and preventing the creation of wastelands.

The landscape fragmentation caused by nat-
ural incidents will probably continue, but it will 
never be permanent due to natural succession. 
Directly, fragmentation affects forest loss. In ad-
dition, the areas of individual ecosystems are re-
duced and ecological corridors are interrupted. 
Indirectly, fragmentation has a negative impact 
on the habitats of protected species. The decreas-
ing acreage of habitats in which they occur leads 
to their withdrawal from the area. An example 
in the Tatra Mountains is the brown bear popu-
lation, for which forests in Tatra NP are a refuge. 
Unfortunately, we are unable to influence frag-
mentation that occurs due to natural causes, e.g. 
within forests. However, its effects can be mini-
mised, for example, by planting in areas of loss or 
allowing rapid natural succession in these places.

The use of the ICh and landscape fragmenta-
tion indexes allows for the assessment of land-
scape changes and their dynamics. However, it 
should be emphasised that the results obtained 
are strictly dependent on the quality of the ma-
terials used. Landscape indicators, although they 
have certain limitations, such as dependence 
on input data, mathematical nature and meas-
urability of selected phenomena, still remain a 
good tool for quantifying landscape changes. 
However, landscape interpretation should be 
supplemented with qualitative information, for 
example, regarding local spatial development or 
spatial policy.
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