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Summary

The article is the analysis and attempt at an assessment of relief im-
pact on the land use. The investigations focus particularly on the analysis
of percentage share of agricultural land in Nowy Targ district computed
for selected land slope intervals. Land use, conditioned by human activity
is strictly dependent on historical conditions, physiographic location and
climate, as well as on the land form. The relief has a significant impact
on the quality of agricultural production area. Indirectly it also influences
the other components of the environment, i.e. soils, water and climatic
conditions. Directly it impacts the organisation of agricultural production
influencing the difficulty of soil tillage and intensity of soil erosion. Agri-
cultural land adjustment to the type of relief diminishes the erosion hazard
and improves agrotechnological assessment of the soil tillage difficulty.

The investigations were conducted on an example of Nowy Targ rural
district. The districthas diversified land reliefresulting among others fromits
localisation close to the foothills. The analysis bases on the image of land use
obtained from Corine Land Cover 2006. Average land slope was established
on the basis of digital land model determining the selected slope intervals.
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INTRODUCTION

While analysing area relief for the needs of protection and space shaping
of agricultural production it may be stated that the form of land directly and
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indirectly affects the quality of agricultural production space. It directly influ-
ences the organisation of agricultural production, setting e.g. boundary slopes
for farm machinery use (Szymanski 1969, Hopfer al. 1982), determining soil
erosion intensity (Jozefaciuk, Jézefaciuk 1995; Jozefaciuk, Jozefaciuk 1996;
Glinski, Przesmycki 2011) or difficulties in soil tillage (Prus, Salata 2014). Land
slope limits cultivation treatments or transport, diversifying agroecological con-
ditions, but also influences the occurrence of individual agricultural suitability
of soil complexes. The relief in the first place indirectly impacts the environment
components, i.e. soils, water and climatic conditions. The knowledge of the area
relief is also crucial for the realisation of spatial policy or developing planning
documents (Baran-Zglobicka et al. 2011; Salata, Prus 2012).

Relief is one of the basic elements effecting the land use method. It is
a determinant of potential area use (Baran-Zgtobicka et al. 2011). Land form is
also a crucially important factor affecting human activities and rational utilisa-
tion of space in the process of planning and space management. The principle
of sustainable development imposes an obligation of such space management
that all elements of human environment are balanced and at the same time the
natural conditions enabling optimal utilisation of space are considered (Kryk
2010; Staniak 2009; Adamowicz, Dresler 2006). The minimum substantive
scope of the arrangements stated in planning documents require taking into con-
sideration also detailed conditions of land management and limitations in its use
(Ustawa 2003).

Digital recording of the information about the land elevation (Digital El-
evation Model) as a regular two dimensional matrix sampled against altitude
reference system (Moore at al. 1991) enables including the area relief parameters
in the research. The land slope — a morphometric indicator — shows the digitised
landforms (Pastawski 2010). The slope inclination, or maximum gradient, set on
the basis of digital land model is determined along the line corresponding to the
greatest angle of terrain, i.e. perpendicular to the level surface.

Typical of southern Poland farmland mosaics combined with grasslands,
forests and settlement units forms a traditional agricultural landscape (Staniak
2009, Baran-Zglobicka, Zgtobicki 2012). The landscape is the result of specific
landform but also overlapping effects of social interests of: landowners, inhabit-
ants, tourists, local authorities but also planners and architects (Eiter et al. 2014).
The landscape is a cultural mosaic of proofs of human presence and his way
of life. Rural landscape of southern Poland, shaped by agriculture is charac-
terised by a rich biodiversity (Andrzejewski, Weigle 2003). Unfortunately, so-
cio-economic changes and intensification of agriculture brought new cultivars
and therefore changes in land use (Biirgi et al. 2005) and in traditional land mo-
saics (Baran-Zglobicka, Zgtobicki 2012). On the other hand, transformations in
land use influence the changes in the natural environment (Bucata, Starkel 2012;
Banski 2003; Pohl 1978). Land use results from a combination of land cover
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with its use (Zwolinski 2006). Analysis of land cover and use is possible ow-
ing to realization of European Environment Agency programme CORINE Land
Cover in the years 1990, 2000 and 2006 (Ciotkosz, Bielecka 2005).
The paper aims at an analysis of land use presented in CORINE land Cover
2006, databases, in the area of a sub-mountain district of Nowy Targ in Matopol-
ska region. The analysis of land use was conducted in confrontation with average
land slopes determined on the basis of digital land model. The Authors were
seeking the answer to a question how land use changes depending on land slope
classes and which forms of land use prevail within the individual slope ranges.

Table 1. Land cover classes in CORINE Land cover databases

Level 1 Level 2 Level 3 ID
. Continuous urban fabric 1
1.1 Urban fabric - - -
Discontinuous urban fabric 2
§ . Industrial or commercial unit 3
E 1.2, IndPSt“aL Road and rail networks and associated land | 4
2 commercial areas
2 and transport units 123 Port areas 5
go 1.2.4 Airports 6
& Mineral extraction sites 7
f . .
= 1.3. Mine, excavation B
= S Dump sites 8
< | and construction sites —
= Construction sites 9
1.4. Urban green and | 1.4.1 Green urban areas 10
leisure areas 1.4.2 Sport and leisure facilities 11
2.1.1 Non-irrigated arable land 12
2.1. Arable lands | 2.1.2 Permanently irrigated arable land 13
2.13 Rice fields 14
- Vineyards 15
§ 2.2. Permanent crops | 2.2.2 Fruit trees and berry plantations 16
% 223 Olive groves 17
St
5
5 2.3 Meadows and 2.3.1 Meadows and pastures 18
3 pastures
b
5 ) .
& 241 Annual crops associated with 19
~ permanent crops
2.4. Heterogeneous 242 Complex cultivation patterns 20
agricultural areas Land principally occupied by agriculture
243 o . 21
with high share of natural vegetation
2.4.4 Agro-forestry areas 22
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Level 1 Level 2 Level 3 ID
3.1.1 Deciduous forests 23

3.1. Forests Coniferous forests 24

g 3.13 Mixed forests 25
é 3.2.1 Natural grasslands 26
E 3.2. Tree and shrub | 3.2.2 Moors and heathlands 27
% plant communities | 3.2.3 Sclerophyllous vegetation 28
‘g 324 Transitional woodland-shrubs 29
§ 3.3.1 Beaches, dunes, sands 30
§ 3.3. Open area with- |33 Bare rocks 31
: or Z;;;;Z%;t?;?;e q 333 Sparsely vegetated areas 32
with vegetation 334 Burnt areas 33

33.5 Glaciers and permanent snowfields 34

. 4.1. Inland wetlands 4.1.1 Inland marshes 35
'g - Peatbogs 36
3 421 Salt-marshes 37
E 4.2. Riparian wetlands| 4.2.2 Salines 38
423 Intertidal flats 39

.-.qg 5.1. Inland waters - Water cour.ses 40
S 5.1.2 Water bodies 41
é 5.2.1 Coastal lagoons 42
g 5.2. Marine waters | 5.2.2 Estuaries 43
\n 5.2.3 Sea and oceans 44

Source: Own studies on the basis of (Ciotkosz, Bielecka 2005)

MATERIAL AND METHODS

The analysis of the analysed land cover was conducted on the basis of
CORINE Land Cover 2006 model as 100 meter pixel raster images. The models
were obtained free of charge from the European Environment Agency (EEA)
web page http://www.eea.europa.eu/data-and-maps/explore-interactive-maps/
corine-landcover.

CORINE data were calibrated to WGS 84 reference frame. Area relief
analyses were conducted using digital land model (DLM) ASTER Global Digital
Elevation Map (GDEL) with 30m resolution. The study of slopes was conducted
basing on DLM and assumed interval classes. The transformation enabled the
analysis of the lie of the land in confrontation with the land cover. Results of the
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analysis were elaborated as spatial intersection between: land slopes and land
use structure layers. The results of modelling were obtained by means of Idrisi
Andes and Golden Software Surfer 8 programmes used for GIS analyses. In
order to analyse the land use within the administrative boundaries of Nowy Targ
district, a reclassification of the raster was made.

Spatial multicriteria analyses (Gotlib et al. 2007) allowed to present the in-
vestigated issues as resultative layers and their additional compilation by means
of simple statistical analyses. Table 1 shows classes of land cover recorded in
CORINE Land Cover databases. The 44 land cover classes were defined in these
bases. The 31 classes were noted in Poland, whereas in Matopolska region 28
land cover classes are visible (Ciotkosz, Bielecka 2005). It should be noticed
that CORINE database stores raster data with the smallest mapped surface cor-
responding to 25 hectares and minimum width of 100m. Changes may be intro-
duced to the database only at five-hectare change of separation range or twenty
five-hectare change in case of new land cover form.

The investigated area of Nowy Targ district is located in the Matopolska
region in the area of Nowy Targ county. It covers the area of ca. 207,6 km?
and has diversified land forms. It is situated within three physiographic units.
The Gorce Mountain range, a part of the Beskidy Zachodnie range, occupies the
northern part of the district. The southern part is located within the Orawa-Nowy
Targ Basin characterised by a plain relief.

developed/ developed/

3 grunty pod !
urbanized wodami _tereny roine urbanized

% 2% 0% %

utytki rolne

57%

Figure 1. Land use structure in Nowy Targ district. Source: Authors’ own studies based
on data supplied Nowy Targ District office, as of December 2013

The southern and south-eastern ends of the district comprise the Pien-
iny Klippen Belt. Over 56% of land in Nowy Targ district is agricultural land
(Figure 1.), of which 37% are arable lands, whereas about 20% permanent
grasslands (Figure 2.). Approximately 27% of the district area is covered by
forests, whereas about 2,5% is land under water. The percentage share of agri-
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cultural lands and forest areas evidences that the rural district of Nowy Targ has
a agro-forestry function.

The district location in the sub-mountain area is characterised by consid-
erable height differences and land slopes. Analysis of the digital land model re-
vealed that almost 30% of Nowy Targ district area (6 061 ha) is situated on the
terrain with land slopes of 0-3°, whereas about 18% is the land with inclination
within the 3°-6° interval.

wasteland
2%

arable (R)

arable (R)
64%

Figure 2. Agricultural land structure in Nowy Targ district. Source: Authors’ own
elaboration on the basis of data supplied by Nowy Targ District Office,
as of December 2013.

About 21% of the total district area, i.e. 4224 ha is the land situated on
slopes from the 6°to 10° interval. A comparable percentage of the district area
(20%) are terrains with 10°-15° slope, while about 19% are terrains with inclina-
tion within the 10°-15° interval.

About 2.6% of Nowy Targ district lands is localised on slopes exceed-
ing 20°. These conditions have a significant impact on land use and kind of
land cover.

RESULTS AND DISCUSSION

Analysis of CLC 2005 raster images for Nowy Targ district in confron-
tation with land slopes made possible investigating the land cover forms in re-
spective slope intervals. Eleven forms of land cover were registered in the area
of the analysed district, including: densely built up areas, green areas, orchards,
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other permanent crops, so called annual crops associated with permanent crops,
so called complex cultivation patterns, agro-forestry areas, deciduous forests,
coniferous forests, mixed forests and few areas marked as sclerophyllous vege-
tation and inland marshes.

CORINE Land Cover raster illustrated in Figures 4 to 10 show land cover
in Nowy Targ district in the slope intervals determined, according to the legend
in Table 1. Results of the analyses were also presented in Table 2. The research
demonstrated that out of 773 ha of built up area about 33% (257 ha) is located on
the terrain with up to 3° slopes and about 25% on the terrain with 3°-6°. A com-
parable area under high density housing is within the 6°-10° slope interval. Much
less, i.e. about 15% of the built-up area in on the terrains with 15°-20° slopes.
It may be assumed that on slopes of above 20° high density housing is almost
absent. The highest percentage of the meadow and pastures area — c.a. 36% occu-
pies the terrains with up to 3° land slopes, i.e. almost flat. Comparable grassland
areas occur on the slopes between 3° and 6° and 6°-10°, respectively c.a. 24%
and 23%. Slightly less grasslands, i.e. about 19% is situated on the terrains with
10°-15° slopes.

1300
1250
1200
1150
1100
1050
1000

B70000

Figure 3. Digital land model Aster GDM in Nowy Targ district boundaries. Colour
scale shows the elevation above sea level (m). Source: http://www.nowytarg.e-mpzp.pl
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Figure 4. Land use in Nowy Targ district in the 0°-3° slope interval.

Legend: see Table 1

Figure 5. Land use in Nowy Targ district in the 3°-6° slope interval.

Legend: see Table 1
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Figure 6. Land use in Nowy Targ district in the 6°-10° slope interval.
Legend: see Table 1

Figure 7. Land use in Nowy Targ district in the 10°-15° slope interval.
Legend: see Table 1
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Figure 8. Land use in Nowy Targ district in the 15°-20° slope interval.
Legend: see Table 1

Figure 9. Land use in Nowy Targ district over 20° slope interval.
Legend: see Table 1
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Meadows and pastures occur also on terrains with the greatest slopes.
About 14% of grassland is situated in the 15°-20° slope interval, whereas ca.
10% on over 20° slopes. The investigations revealed that arable lands occur in
the areas within all identified slope intervals. The highest share — 2476 ha, i.e.
almost 38% of the arable land is localised on terrains with 3°-6° gradient, while
ca. 20% on 6°-10° slopes. A considerable percentage of ploughlands, ca. 13% is
localised in the 10°-15° slope interval, whereas just over 5% of arable lands is
situated above the limit gradient of 15°. A significant percentage of Nowy Targ
district area — 7917 ha (ca. 39%) is covered with forests, of which ca. 66% is
deciduous forest, 33% coniferous forest and only 1% mixed forest. A majority of
forest grounds in the analysed district (over 50%) occur on terrains with gradient
between 6° and 15°. Respectively, about 18% of forest occurs in the 15°-20°
slope interval, whereas on the terrains with up to 6° gradient, there are about
25,6% of forest areas. Slightly over 5% of forest areas are situated on the terrains
with gradient over 20°.

Table 2. Area and percentage share of land form uses in determined slope intervals in
Nowy Targ district

(ha)| 0-3° 3-6° 6-10° 10-15° 15-20° >20° total

% (ha) | % | (ha) | % | (ha) | % | (ha) | % | (ha) | % | (ha) | % | (ha) | %

built up | 257 (33.2| 196 |25.4| 180 |23.3| 114 |14.8| 25 | 3.2 1 |0.1{ 773 |100
and

urbanised| 42 | X | 53 | X | 43 | X |30 | X |12 | X | 02 |X]| 38 |X
area

meadows |2205(43.2( 900 |17.7| 953 [18.7| 708 [13.9| 274 | 54| 55 |1.1]5095 100
and
pastures

arable |2476|38.6/1513(23.7| 1257 [19.7| 813 |12.7| 287 | 4.5| 48 [0.8] 6394|100
lands 409 X [408| X [ 297 | X |213| X [ 143 | X | 9.1 | X |314| X
1015(12.8|1082|13.7| 1824 |23.0| 2159 [27.3| 1414 |17.9| 423 |5.3|7917 |100

364 X |243 X [226 | X [ 185 X | 136 | X | 104 | X | 250 | X

forests
16.7| X [292| X |432| X [564 | X [704 | X | 799 | X | 389 | X
108 |62.2] 15 | 86| 10 |57 | 29 (16.7| 10 |5.7 2 |1.1]| 174 |100
wastelands
18 X |04 | X [02 | X]08 | X|[]05[X]|]04|X] 09 |X
total 6061(29.7|3706(18.2| 4224 |20.8| 3823 |18.8|2010 | 9.9 | 529 [2.6(20353{100
ota

100 | X | 100 | X | 100 | X | 100 | X | 100 | X | 100 | X | 100 | X

Source: Authors’own studies

Considering a dominant land use in the determined slope intervals it may
be noticed that agricultural lands prevail on flat and slightly sloped terrains
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(to 3°) covering total over 77% of the area, in which arable lands constitute ca.
41% and ca. 36% is grassland. A significant percentage, ca. 17% of the slightly
sloped areas is also covered by forests.

3000
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81500
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Sy

500
r A
 —— ¢ .
0 >— - S— th.— -9
0-3° 3-6° 6-10° 10-15° 15-20° >20°
=4 Dhuild up area —#l=meadows and pastures arable land =#—forests =@=wastelands

Area

Figure 10. Farmland area in determined slope intervals. Source: Authors’ own studies

Built up and urbanised areas cover ca. 4% of the terrain with up to 3° slope.
On the terrains with 3°-6° slopes arable lands have the highest share, exceeding
40% of the area. About 30% of the area within this slope interval is covered by
forest and slightly less by grasslands (24%). Built up and urbanised areas cover
over 5%, while terrains with 6°-10° are covered mainly by forests which consti-
tute here over 43%. Almost 30% of the area is occupied by arable lands and ca.
22,5% by grasslands. Built up and urbanised areas occupy slightly over 4% of
the area. Similarly forests prevail on the terrains with slopes within the 10-15°
interval covering ca. 56,5% of the area. Arable land covers about 21% of the area
and grasslands slightly less — 18,5%. Built up and urbanised areas cover about
3% of the area. In the 15°-20° slope interval forest areas are dominant, occupy-
ing more than 70% of the terrain, whereas arable lands respectively 14% and
13,6%. Urbanised areas cover only 1,2% of the area. On the terrains with land
slope higher than 20°, the highest percentage of the area, almost 80% are forests,
grasslands about 10% and arable lands 9%.

CONCLUSIONS

Analysis of land use confronted with average slope intervals determined
on the basis of digital land model allowed to formulate several conclusions. In
Nowy Targ district, the agricultural land area diminishes with increasing land
slope, while the percentage share of afforested and shrubbed areas increases,
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considerably exceeding the percentage of areas under the other land use forms.
However, on slightly inclined areas individual agricultural lands are distributed
evenly. The share of agricultural lands including ploughlands and grasslands,
afforested and shrubbed areas is similar. The analysis revealed also that built
up and urbanised areas cover on average several percent of the area within each
slope interval. Despite physiographic constraints in the area destination for hous-
ing, in Nowy Targ district ca. 18% of built up and urbanised areas is localised on
the terrains with over 10° slopes. These are partly holiday and recreational areas.
Particular attention should be paid also to arable lands situated on the terrains
with over 10° slope. Like in case of built up and urbanised areas they make up
a high percentage, i.e. 18% of the area. These terrains in case of wrong cropping
system may undergo water erosion. It may be also inferred that these areas will
be classified to the category of disadvantaged areas due to constraints in farm
machinery use and difficult transport between the field and farm. There is also
a strong possibility that some land with high inclinations will have a disadvanta-
geous northern exposure on which among others snow cover lies longer.

Physiographic conditions affect, including these resulting from the land
form, limitation in land use for agricultural and investment purposes. Analysis of
the area relief should provide a basic premise for rational space utilisation both
in spatial planning and making decisions concerning future land use.
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