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Abstract

Haladova I., Petrovi¢ E: Classification of land use changes (model area: Nitra town). Ekologia
(Bratislava), Vol. 34, No. 3, p. 249-259, 2015.

This paper deals with the new classification of land use changes. We chose Nitra town in Slovakia
as a model area. We examined changes of land use for the period 2003-2013. The main result of
this work is a table for types of land use changes and a map that shows the location of these chan-
ges in Nitra town. Nitra is constantly expanding its area and it is also significantly changing within
its borders. Agriculturally used surroundings of the town are being transformed into build-up
areas and industrial parks. This transformation causes a loss of agricultural land and vegetation,
in general. Agriculture in this region has been gradually declining and disappearing in the past
years. On the other side, urbanisation, technicisation and industrialisation are highly supported.

Key words: Nitra, Slovakia, land use, land use changes.

Introduction

Nitra town is situated in a major agricultural area of the Slovak Republic, but agriculture has
been declining in the close proximity of the town. This is caused by the expansion of build-up
areas and the transformation of agricultural land into urban and industrial areas. The whole
process of transformation is manifested as landscape changes.

The rapidity and magnitude of landscape changes strongly accelerated population in-
crease and a growth in urban areas (Antrop, 2005). Urban expansion, paralleled by urban
population growth and economic development, is a trend across the globe. Urban expansion
causes land cover and land use changes, which are usually associated with economic growth.
As a country moves from a rural-agricultural base to an urban-industrial base, urbanisation
and economic development go hand in hand (Davis, Henderson, 2003).

In the last few years, many research studies focused on issues of land reform, land poli-
cies, land market, land leasing arrangements and emerging market economies in Central
and Eastern Europe (Csaki, Lerman, 2000; Bi¢ik, Jan¢ak, 2006; Bojnec, 2011; Jarsky, Pulkrab,
2013; Lieskovsky et al., 2013; Skokanova et al., 2012; Hartvigsen, 2014; Kanianska et al., 2014;
Munteanu et al., 2014 ).

The land that is affected by landscape changes the most, especially by urban growth, is
agricultural land. In Slovakia, changes in cultural and agricultural landscape were studied
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by Cebecauerova (2007), Boltiziar and Chrastina (2008), Blazik et al. (2011), Muchova et al.
(2010), Ivanova et al. (2013), Krnacova et al., (2013), Tarasovi¢ova et al. (2013), Kopecka,
Rosina (2014)Lieskovsky et al. 2014 and Sebo, Kopecka (2014).

This paper deals with the classification of land use changes and it investigates changes
in Nitra town during the period 2003-2013. Land cover and land use in Nitra were recently
mapped by Bugdr et al. (2006) and MiSovi¢ova (2008). A territorial system of ecological sta-
bility was created by Mederly and Halada (1995).

Study area

We chose twelve cadastral areas of Nitra town (Zobor, Chrenovd, Velké Janikovce, Nitra 1, Nitra 2, Mlynérce,
Luzianky, Ivanka pri Nitre, Horné Krskany, Drazovce, Dolné Kr$kany, and Kynek; Figs 1 and 4) as a study area. The
size of the studied area is 12,557.97 ha.

According to the number of inhabitants (87,285), Nitra town is the fourth biggest town in the Slovak Republic
(Ceman et al., 2007).

Nitra is a capital of Nitra county and Nitra district. It is situated in the northern part of Podunajska lowland, on the bor-
der of the Tribe¢ mountain range. This location creates specific conditions, suitable for agriculture, industry and also for forest
management. The town has a good traffic connection created by an expressway. Good traffic connection is one of the causes
that create suitable conditions for industrial and urban development. The Podunajska lowland is also a heavily agriculturally
used part of the Slovak Republic. Nitra town has a rich agricultural history connected mainly with the production of wine,
hops, fruits and vegetables. However, agriculture in this region has been declining and disappearing in the last few years.

v - il
Kosice

Bratislava

Legend Kosice
D State border
0 20 40 80 120 160
Kilometers County border - Area of interest

Fig. 1. Location of study area within the Slovak Republic.

Methods

Spatial data that define land use were digitalised manually according to the visual interpretation of aerial orthopho-
tos (from the year 2002) and satellite images (from the year 2010) in the ArcView geographic information system
(GIS) environment. We used software ArcGIS 9.3 and field survey for the years 2003 and 2013 for processing map
layers obtained from orthophoto maps. The mapping scale is 1:5,000. Orthophoto maps were provided by EURO-
SENSE Slovakia and GEODIS Slovakia.
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We classified the land use in Nitra town using the legend created by Petrovi¢ et al. (2009). This legend was cre-
ated for the purpose of unification and a prospective comparison of results of work from various sources, and it is
usable for the entire territory of Slovakia. The legend contains six basic groups:

Tree and shrub vegetation
Grass-herbal vegetation
Agricultural land

Bedrock baring and raw soils
Water bodies and wetlands
Settlements and urban areas.

A

These basic groups are further divided into more detailed groups marked by two- or three-digit numbers.

We evaluated land use changes through comparison of map layers for the year 2003 with the map layers for the
year 2013. Map layers for the year 2003 were created by Vere$ (2006) and Hresko et al. (2006). Then we created map
layers for the year 2010 and actualised them by field survey in the year 2013. Finally, we compared both map layers,
discerned changed and unchanged areas and evaluated types of changes within the changed area.

Only groups of changes from the existing methodology (Cebecauerova, 2007) were chosen. We chose those that
were present in land use changes for Nitra town. These groups of changes were slightly modified, to correspond with
the larger mapping scale and use in an urban environment. We also created new groups of changes, to match the
real changes in the area of interest as much as possible. These changes were divided into sixteen basic groups. There
are also some unclassified changes (too small and unimportant to be classified as relevant changes), and the rest is
unchanged area (Figs 2-5). To save space, we use shortcuts for these groups in graphs and maps.

1.  Afforestation and reforestation (Increase of wooded areas) — a

2. Afforestation and reforestation (Increase of wooded areas), Loss of agricultural land - a L
3. Deforestation (Loss of wooded areas) - D

4. Extensification of agriculture - e

5. Forest management - F

6. Intensification of agriculture - i

7. Intensification of agriculture, Deforestation (Loss of wooded areas) — i D

8. Overgrowing - O

9. Overgrowing, Loss of agricultural land - O L

10. Reconstruction, recultivation - R

11. Industrialisation and technicisation - t

12. Industrialisation and technicisation, Deforestation (Loss of wooded areas) — t D

13. Industrialisation and technicisation, Loss of agricultural land - t L
14.  Urbanisation - u
15.  Urbanisation, Deforestation (Loss of wooded areas) - u D
16. Urbanisation, Loss of agricultural land - u L
17.  Other changes (Unclassified changes) - oz
18.  Unchanged area - bz.
These groups contain the most significant changes in our area of interest. The types of changes are generalised
and one group may contain several variations of a specific change (various smaller and less significant changes; Fig. 2).
For example, group Afforestation and reforestation (a) includes planting of new forests, planting of alleys and so on. In
many cases, this process is followed by a loss of agricultural land (a L). There is also the Overgrowing (O) group, which contains
spontaneous growth of shrubs and trees in abandoned areas. On the other hand, the Deforestation (D) group covers any loss
of wooded area, such as cutting down a forest, an alley or a park, which is followed by the creation of meadows or grasslands.
There is a separate group for Forest management (F), which covers cutting down of a forest to plant a new forest or forest nursery.
Group Intensification of agriculture (i) contains transformation from meadows or small fields (narrow-strip fields)
into big, heavily agriculturally used fields. This process is, in many cases, accompanied by deforestation and loss of
wooded areas (i D). Extensification of agriculture (e) has a contrary effect, where big and heavily agriculturally used
fields are transformed into meadows, abandoned grassy areas or agriculturally used gardens.
Changes such as construction of family houses, construction of blocks of flats, creation of playgrounds, creation
of gardens around family houses and so on are placed in the Urbanisation (u) group. Urbanisation can cause a loss of
agricultural land (u L) or deforestation (u D).
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Industrialisation and technicisation (t) is a process of constructing factories, industrial parks, sewage treatment plants
or any technical objects. This process is usually accompanied by a loss of agricultural land (t L) or deforestation (t D).

The opposite process to Urbanisation and Industrialisation or Technicisation is Reconstruction and recultiva-
tion (R). In this group we can find a process of demolishing build-up areas and their transformation into some kind
of vegetation, for example, alley, park, meadow or abandoned area with shrubs and trees.

Any other type of change falls into the Other changes (Unclassified changes - 0z) group. This group contains
very small changes within the higher level of classification.

A lot of areas remained unchanged and were classified as Unchanged area (bz).

Unchanged area (bz) and Other changes (Unclassified changes - oz) are not included in the calculation of types
of changes in area size.

Results

The size of the area of interest is 12,555.49 ha. 867.86 ha from this area was changed, which
represents 6.91% of the studied area (Fig. 3). 11,539.34 ha remained unchanged, which corre-
sponds to 91.89% of the studied area. There are also very small or unimportant changes that
were not classified (oz — Other changes/Unclassified changes). The size of this area is 150.77
ha, which is 1.2% of the whole area.

We calculated the percentage of types of changes only from the size of the changed area (Fig. 5).
Increase of wooded areas (a — Afforestation and reforestation) represents 1.57% of changes in
the area of interest. This group consists mainly of planting trees on grassy areas.

Increase of wooded areas, which negatively affected agricultural land (a L - Afforestation
and reforestation, Loss of agricultural land), affected 1.8% of the changed area. This type of
change mainly includes creation and expansion of field boundaries or small groups of trees.

Loss of wooded areas (D - Deforestation), followed by the formation of grassy areas,
represents 3.23% of the changes. Another kind of change is a loss of forested area, followed
by the planting of a new forest or forest nursery as a part of forest management (F — Forest
management). This kind of change represents 5.31% changes in the studied area.

Some parts of agriculturally used land were abandoned and transformed into meadows
and grassy areas (e — Extensification of agriculture). This type of change represents 9.31% of
changes in the studied area.

On the other hand, there are some parts of the town that became more agriculturally used
(i - Intensification of agriculture). These areas were predominantly transformed from meadows
into fields. Intensification of agriculture represents 1.76% of changes in the area of interest.

Another type of intensification of agriculture is gaining arable land from cutting down
trees (i D - Intensification of agriculture, Deforestation/Loss of wooded areas). This type of
change represents 2.2% of the changes in the studied area.

There are some abandoned buildings and urban structures in the area of interest that were
replaced by greenery or agriculturally used land (R - Reconstruction, recultivation). This
type of change takes place on 1.93% of the changed area.

Construction of roads in the urban area is categorised as t — Industrialisation and techni-
cisation. This type of change represents 7.89% of changes in the studied area.

Construction of industrial or technical objects at the expense of wooded areas (t D - In-
dustrialisation and technicisation, Deforestation/Loss of wooded areas) represents 1.06% of
changes in the area of interest.
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Types of changes
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Fig. 3. Location of land use changes in the area of interest (legend in text, chapter 3).
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Fig. 4. The industrial park was built in the middle of large fields near the highway (photo: I. Haladova, 2015).

The biggest change in the area of interest is the construction of an industrial park (Fig. 4)
at the expense of arable land (t L - Industrialisation and technicisation, Loss of agricultural
land). It represents 38.91% of changes in the study area.

Expansion of urban area (u - Urbanisation) without an effect on wooded areas or arable
land represents 10.46% of the changed area.

Urbanisation, which had influence on the loss of wooded areas (u D - Urbanisation, De-
forestation/Loss of wooded areas), takes place on 1.51% of the changed area.

Construction of urban objects on arable land (u L - Urbanisation, Loss of agricultural
land) affected 10.68% of the changed area.

In different cadastres of the town, different types of changes are dominant (Fig. 6).
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Fig. 5. Extent of changes (legend in text, chapter 3).
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Discussion

The area of Nitra town is relatively small. This is why a larger mapping scale is required,
to record every important change in the land use. A larger mapping scale requires more
precise classification of land use and also its changes.

There are several studies on land cover and land use in Slovakia mapped on a large
scale. Petrovi¢ (2006) focused his research on scattered settlements. His study evaluated
land use changes in relation to the use and ecological stability of the land. However, he did
not use the separate classification of the groups of changes. Pucherova et al. (2007) used a
similar approach. Land use elements were divided into groups and they were subsequently
compared by changes in the size of their areas.

On the other hand, Cebecauerova (2007) created different classifications of the types of
changes. However, this classification is designed for a small mapping scale, and its use in
an urban area at the cadastre level is not detailed enough. A similar issue was addressed in
a study by Kalivoda et al. (2010), which interpreted the relationship between trends in land
use and communities of birds and butterflies. This clearly confirmed the direct relationship
between land use trends and specific species. Similar results were confirmed for different
types of landscapes (Baus et al., 2014; Druga, Faltan, 2014; Faltan et al., 2011; Feranec et
al., 2014; Havlicek et al., 2012; Havli¢ek, Chrudina, 2013; Mojses, Petrovi¢, 2013; Stych,
2011).

We decided to modify the existing classification of land cover changes (Cebecauerova,
2007) and adapt it to the classification of land use changes, based on the classification
of land use created by Petrovi¢ et al. (2009). The aim of this study is to create a proper
classification of land use changes, in a large mapping scale by using unified classification
methodology.

Conclusion

Landscape within and around towns always reflects economical and political changes and
human needs. Agriculture in this region has been declining and disappearing in the last
few years; on the other hand, urban and industrial areas have been expanding. This is
caused mainly by the construction of family houses and industrial parks on the arable
land on the outskirts of the town. Also, the most common change within the borders of
the town is urbanisation, usually caused by the construction of family houses in gardens.

Expansion of the build-up area is a natural consequence of town development. Un-
fortunately, urban development is paralleled by a loss of vegetation and agricultural land.
Balanced management is needed to protect environment without deceleration of the town
development. Detailed mapping of the land use changes can help to develop the town while
taking into account the protection of the environment.
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