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ENVIRONMENTAL DIFFERENCES OF LAND CREATION IN TIME INTERVAL FOR
DETERMINATION OF INDUSTRIAL INFLUENCE ON LANDSCAPE

The assessment of the spatial structure the land cover has great significance for the research of landscape
especially from the aspect of the maintaining landscape ecological stability and the sustainable development as
well as the landscape potential. At the same time it has an important role in identifying of impacts the industry
on the landscape. The classes of land cover layers can be considered as the basis for other analyses of landscape.
Purpose.: In the contribution we decided to compare the changes in landscape structure between the years 1958
- 2009 in territory of city Krompachy. Methods: field, analytical and mathematical. Results: For evaluating
changes in the landscape structure we used topographic map from 1958 and orthophotomaps of the actual situa-
tion in 2009. The changes in the landscape structure were evaluated through GIS technologies in time horizon
1958 - 2009. Absolute and percentage differences in the land cover classes for the time horizon 1958 - 2009 are
expressed by means of contingency tables transformation. The trends in the development classes of land cover
are documented by the graph of the land cover classes on the second hierarchical level.
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EKOJIOT'TYHI BIIIMIHHOCTI 3EMEJIBHOI'O [IOKPUBY B YACOBOMY IHTEPBAJII ITPH
BI/ISHA‘-IEHHI BIVIUBY NIPOMUCJIOBOCTI HA JIAHAIIA®TH

Hpﬂmzecwuu yuigepcumem y Ilpsuuisi,

2Vkpainckuti HayKo8o-00CIIONUTL iHCIMUMYM 1iC08020 20CNOOAPCMEA Md AZPONICOMENOpayii

imeni I'. M. Bucoywvroeo

3Xapb;<0601<iﬁ Hayionanvhull yHieepcumem imeni B.H. Kapa3zina

O1iHKa IPOCTOPOBOI CTPYKTYPH POCIMHHOIO MOKPHBY MAa€ BEJIMKE 3HAYCHHS LISl JOCIIIKeHHs aHmad-
Ty, OCOOJIMBO 3 TOYKH 30pY EKCILTyaTyIOdol JIaHAIAPTHOI eKOJOTIYHOT CTablIBPHOCTI Ta CTAJOTO PO3BUTKY, a
TaKoX JaHAmadTHOro noTeHmiany. ¥ Toi ke yac BOHA Ipae BaXKJIMBY POJb Y BU3HAUYEHHI BIUIMBY ITPOMHUCIIOBO-
cti Ha margmadT. Kitacu mapiB pocIMHHOTO MTOKPUBY MOKHA PO3TIITHYTH SIK MIJCTaBY IS 1HIIHUX JOCIiIKEHb
nanamadry. Mera: [lopiBHIOIOTECS 3MiHU B JlanqmadTHiil crpykrypi mixk 1958 - 2009 pokamu Ha Tepuropil
Mmicta Kpommagi. MeToau: mois0BHM, aHANITHYHINA Ta MaTeMaTnIHui. Pe3ysabTaTn: J{71s OLIHKY 3MiH B JIAaHA-
mwadTHIH CTPYKTYPI BHKOPHCTAHO TornorpadiuHy KapTy 1958 POKy i opTodoTomianu hakTUIHOT cmyaui'l' 2009
POKYy. HpI/I IIbOMY, 3MiHH B naHz[Lua(bTHm CprKTypl 6ynH omiHeHi 3a pornomororo I'IC-texHoorii B 4acoBomy
1HTepBaJ'I1 1958 - 2009 pp. AGCoMIOTHI 1 MPOLIEHTHI BIIMIHHOCTI B KJacax 3eMEJIbHOI0 IMOKPUBY JIJIsl 4YaCOBOTO
irTepBaiy 1958 - 2009 pp. BUsABIEHI 32 JOIIOMOTOIO IIEPETBOPIOBATBHUX TaONHIs. TeHIeHIIi 3MIHH TPYHTOBO-
POCIMHHOTO TMOKPUBY BCTAHOBIIEH] 32 JIOTIOMOTOI0 rpadika KIaciB pOCIMHHOTO MOKPUBY IS IPYTOTO iepapxiy-
HOTO piBHSL.

Kniouogi cnosa: nanamadTHa CTPYKTYpa, OIliHKa 3eMeTbHOI TOKPUBY, 3Baiuima, Kpommayi
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SKOJIOI'HMYECKHUE OTJNYUS 3BEMEJIBHOI'O IOKPOBA BO BPEMEHHOM MHTEPBAJIE
nPu OHPE)IEJIEHI/II/I BJIUAHUSA TPOMBIIIVIEHHOCTHU HA JIAHAIIA®THI

Hpﬂmeecxuu yHusepcumem 6 Ilpsiueso, paxyrbmem meHedrcmeHma

2VKpauHcKuii HAYYHO-UCCIe008AMENbCKULL UHCIUNTYM NIeCHO20 XO3ATICMEA U AZDONeCOMENUOPAYUL

umenu I'. H. Bvicoyxoeo

SXapbKOGCKuﬁ HayuonanvHoulll ynusepcumem um. B.H. Kapazuna

OrneHKa MPOCTPAHCTBEHHON CTPYKTYPHI PACTHTEIEHOTO MOKPOBAa UMEET OOJBIIOE 3HAYCHUE IS UCCIICHO-
BaHUs NaHamadTa, 0COOEHHO C TOUKH 3pEHUS IKCIUTYaTUPYIOIeH JIaH madTHON SKOJOTHIECKOW CTaOUIHLHOCTH
M YCTOWYMBOTO Pa3BUTHSA, a TaKXkKe JAHIMA(QTHOIO MOTEHIMANa. B TO ke BpeMs OHa WrpaeT BaXXHYIO POJIb B
OTIpEJICNICHUH BO3ACUCTBHS MPOMBIIIIEHHOCTH Ha NaHamadT. Kimacchl ¢noéB pacTUTENhHOTO MOKPOBA MOKHO
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paccMOTpeTh Kak OCHOBaHME JUIs JIpyrux ucciienoBanui yangmadra. Lleas: CpaBHUBAIOTCS W3MEHEHHS B
naammadTHON cTpykType Mexay 1958 - 2009 romamu Ha Teppuropun ropoga Kpommaun. MeToabl: TOJIEBOIA,
AHATUTHYCCKUIA W MareMarwdyeckuil. Pe3yabTaThl: )1 OLCHKH M3MCHCHUWH B JaHMIIA()THOH CTPYKType HC-
MOJIF30BaHO Tomorpaduueckyro kapty 1958 romga u oprodoTommansl dakrudeckoit curyanuu 2009 roma. Ipu
9TOM, M3MEHEHHUs B JIaHIAQTHOW CTPYKType ObuiM oueHeHbl ¢ nomomiblo ['MC-TexHOonoruii Bo BpeMEHHOM
uaTepBane 1958 — 2009 rr. AGCONIOTHBIC W MPOIEHTHBIC Pa3iu4Ms B KJIACCaX 3€MENIFHOTO MOKPOBa IS Bpe-
MeHHOro nHTepBaia 1958 — 2009 rr. BBIABICHBI C MOMOLIBIO peoOpa3oBaTeabHBIX Tabiul. TenaeHun u3mMe-
HEHUSI TIOYBEHHO-PACTUTEIBHOTO ITOKPOBA YCTAHOBJIEHBI C TIOMOIIBIO TpadiKa KJIACCOB PACTHTEIILHOTO MTOKPOBA

JJI BTOPOI'O UCPAPXUICCKOT0 YPOBHH.

Knrouegvie cnosa: nannmadTHAs CTPYKTypa, OLICHKA 3¢MEIBHOTO TIOKPOBa, CBaNKH, KpoMmnaun

Introduction

Today's landscape is the result of long-
term human influence on the original natural
landscape [16]. Physical states the landscape
represent the classes of land cover which re-
flect of the natural-spatial aspects landscape
and today's status of land use [4]. A good indi-
cator for the assessment of the intensity of
economic impact on landscape is the changes
in the landscape structure. They represent a
sequence of different states of physical nature
that bind to a certain time horizon [2]. Geo-
graphic information systems through the meth-
ods multitemporal analysis allow evaluating
the changes, dynamics and trends of develop-
ment of the classes land cover in the landscape
and as well the mutual comparison the map
layers from different time horizons. The mul-
titemporal analysis reflects the character of
these changes and their intensity and direction
and therefore has an importance in the study of
current landscape [3, 5, 6, 7, 10, 12, 13, 15, 17].

Researched territory. Studied area is lo-
cated in the district Spisska Nova Ves on the
boundary of two geomorphological units Hor-
nadskakotlina (basin) and Volovskévrchy
(mts.). The territory is a genetical, morphologi-
cal and ecological diversity. The largest part
nearly 90% lies in mountain landscape of Vo-
lovskévrchy (mts.) and only 10% in landscape
of Hornadskakotlina (basin). Geological struc-
ture of the area is a varied. From the geological
aspects the territory consists of the geologic-
tectonic unit of Gemericum (Palaeozoic and
upper Palaeozoic) on which lies spisskyprikrov
(nappe) (nappe of Triassic limestone and dolo-
mite, [13]). In these formations are the bearings
of siderite, hematite and bearing of uranium
ores, as well as gypsum and anhydrite. Hor-
nadskakotlina (basin) is younger and was creat-
ed in the Tertiary (flysch sequences of Inner
Carpathian Palaeogene the complex of rhythmi-
cally alternating layers of claystones and sand-
stones). Varied geological structure is reflected
in the relief of the area. Varied geological struc-
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ture is reflected in the relief of the area. Ac-
cording Climatic regionalization of the Slovak
Republic the territory belong to Cool region,
Sub-region C1, which is moderately cool an
average temperature in July is 12 - 16° C [12].

River network represents on the northern
edge of the territory Hornad(river)andits tribu-
taries. Soil cover is formed mostly of Dystric
Cambisol. On the floodplain of Hornad and its
tributaries there are Dystric Fluvisols and on
uplands of Hornddskakotlina (basin) there are
Albic-Dystric Luvisols. Majority part of moun-
tain landscape is forested mainly by a spruce
with an admixture a fir. Forests have under-
gone a significant transformation at the end of
18" century and in first half of the 19" century
(ore mining and processing). Hornadskakotlina
(basin) is deforested agricultural landscape.
Researched territory is negatively influenced
by mining activity and processing of especially
iron and copper ores. The city Krompachy is
old industrial locality and city and its sur-
roundings were polluted many years mining
and processing of iron ore and non-ferrous
metals and in the last three decades before the
year 1993 mainly copper and mercury. The
main sources of pollutions were "Kovohuty
Krompachy" (metallurgic production) and
copper mines in Slovinky. The main elements
of pollutions in air, water and soil were heavy
metals (mercury, arsenic, lead, cadmium) and
sulphur oxides, because the bearing ores are
sulphides. In “Kovohuty Krompachy” the
chimney of the factory is 200 m high, which
allows the extension of emissions of SO, and
arsenic into the considerable distance. This
was reflected in the surrounding of city where
they were damaged ecosystems in forests.
From the "Kovohuty Krompachy" in the past
(to 1993) was emitted into the atmosphere 35
000 tons of emissions per year, which caused
permanent damage of the territory [1, 8]. Other
forms of threat the landscape structure are the
landfills of industrial waste [9, 13].
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Material and research methods

Today's landscape structure was identi-
fied a vectorization orthophotomaps from year
2009. Layers classes of land cover for year
1958 were acquired of georeferencing and
vectorization of military topographic maps of
scale 1: 25000. For identify classes of land
cover was necessary to adapt in the details
legend Corine Land Cover (CLC) which is
used for the processing of data layers from
whole Slovak territory [4] to take account of
the size and specifics of researched area.
Therefore we used the legend on the fourth
level CLC which was processed for the needs
of landscape research in a more detailed scale
[3]. In the legend on fourth hierarchical level

are also included some specific land cover
classes required for mapping in the model ter-
ritory, for example discontinuous area with
predominantly multi-floor buildings without
gardens, the area of landfills of industrial and
municipal waste and vegetation alongside wa-
tercourses. The digitization of data is often
associated with random errors. For this pur-
pose we used software for control of topology
in ArcMap application of ArcGIS 10. Evalua-
tion changes we conducted by the layers load-
ed in software ArcGIS 10. Through a script we
calculated of transformation of individual land
cover classes in absolute terms.

Results of researches

To changes in the classes of land cover
in investigated territory have taken place espe-
cially at the end of the 18" century and the first
half of the 19™ century in context of develop-
ment of mining and metallurgy. Changes in
classes of land cover in the time horizon 1958
— 2009 (Fig. 1, 2, Table 1) were reflected
mainly in the classes of forests but from the
aspect of generic composition. Compared to
the original composition of forests were influ-
enced mainly planting of spruce how fast-
growing wood plants. Original beech forests
been felled on produce of charcoal and on the
stiffener in mines in the past. The beech forests
are preserved only on the small areal in the
northern part of the territory. In year 1958 had
the largest representation coniferous forests but
their area was reduced into 2009 by 427.8 ha at
the expense of mixed forests. Changes were
also in the classes permanent grasslands main-
ly without scattered trees and shrubs (2.3.1.1).
Of them were transformed 119.8 ha on conif-
erous forests with continuous canopy (3.1.2.1)
and were extended also to expense of the natu-
ral worth (3.2.4.2) about 107 ha.

Soils of the researched area were contam-
inated by emissions from industrial manufac-
turing. In this context some aerials of the ara-
ble land (2.1.1.1) about the area of 63.5 ha
were designed for grassing and 31.5 ha was
transformed into class of the grasslands mostly
without scattered trees and shrubs (2.3.1.1.).
Another significant fact which influenced the
overall character of the landscape structure was
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the building of the Ski Resort Plejsy (1.4.2.1)
about 41.4 ha. In the classes of technicized and
urbanized areas (1.1.2.1, 1.1.2.2, 1.2.1.1,
1.2.2.1, 1.2.2.2) for the 51 years occurred to
substantial changes (increased about 40.5 ha).
In the city was recorded increase of the built-
up area along the watercourses, but also in
their background facilities. The most signifi-
cant increase occurred in the north-western
part of cadastral territory of city along of the
new road between the city and Ski Resort. On
the basis of ore mining and metallurgy were
created two new classes of land cover. Landfill
the industrial waste and tailing pond. Landfill
waste Halfa occurs in the areal Kovohuty
Krompachy and is located on the right bank of
the Hornad (river) on the northern border of
the built-up area. It contains solid waste lead,
arsenic, cadmium, sludge from processing
manganese, zinc, copper and sulphuric acid
and liquid waste of cyanide and municipal
waste (estimation of the volume of landfill is
760 000 m®, size 12.6 ha). The tailing pond
near Krompachy is in essence water work with
the highest dike in the Slovak republic (dike is
114 m high). The tailing pond has 17 ha; vol-
ume of sludge is 4.8 million tonnes. It presents
the rest after mining of copper ore and is an
environmental threat for city Krompachy, lo-
cated in the south-western part of the cadastral
territory of the city in the valley on the slope.
All this classes of land cover (wastes) occupy
together an area of 29.6 ha (Fig. 1, 2, Table 1).
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Fig.1 — Land cover in 1958

Table 1
Changes in land cover during the time perlod 1958-2009 (|n ha)
Land o b2 "l 9 N 2| 2| A 72| = o N 8 v “ e N =l 9 H
S| S| 23| S| 2S] 3239|3223 333 S 4SS |=2|5/4] 2
cover | m| m ||| ||| €| ) €| = | f | €] =| =| = = LRI N - - B - s
Chsm — — — — - —_ — - - - -~ ~ o N - - - - Ll - Ll w, w: wi w %ﬂ
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1.1.2.1 0] 0ofofoOoloOo]O] O 0 0] 0f O[O 0 0 0 0 0 0 0l 0 16,7
1.1.2.2 & 0 02310 0 0|26 | 41 ]| 01| 0] Of 05 44 03 | 02| 01] 1S 0 0 0 1255
1.2.1.1 0 0113 0] Of Of O] 1.1 | 02 0| 0f 0]06] 0 0 0 0] 03] 01f 0] 0 67
122.1 0 0 0/ 0)Of O] O] O 0 0| 0/ 0] O 0 0 0 0 0 0 0l 0 10,7
1.2.2.2 0 0 006/ Of Of O] O] O 0 0| 0f O0fO1] O 0 0 0 0 0 0| 0 15.1
1.4.1.2 002 0] 0 0 0 0] O 0f 0 O 0 0| 0f0] O 0 0 0 0 0 0 0 0 28
2.1.1.1 09| 34 | 34| 0 0 0l 0| O 0 315 0 0| 016 O] 05 0.2 0 0 0 0 0 0 44,7
2.1.1.2 0173 0| O 0 0] 0 0[06/129] 0 0 0] 0] 0] 63 1.1 01| 0 0 0 0| 0] 672
2.3.1.1 04| 239 38| 0 0 0| 0| 0f 0.4/19.7] 0.8 07 1.8 373 | 53] O 22| 03] 01| 1.0 4052
2.3.1.2 10| 34 0] 0 0 0 0/ 0)Of O[O 0] 0 0 0| 0 1903
2.4.2.2 0] 0 0| 0 0 0] 0fofoO] O] O 0] 0 0 0l 0 8.6
3.1.1.1 0| 0 0] 0 0 0f 0/ 0] O[] OO 0] 0 0 0| 0| 319
3.1.2.1 0]12 0| 0 007 42| 0| 0] 66| O 0] 0 0 0| 0] 14721
3.1.2.2 0] 15 0| 0 0 0] 0fofO] O] O 0] 0 0 0| 0| 364
3.24.2 0] 02 0| 0 008118 0] 0] 21| 0 0] 0 0 0| 0] 2287
3243 0| 15|15/ 0 0 012/ 0] Of O O O1] 151 0 0 0 119
5.1.1.1 01137 |25 0 0 0] 05/ 0f 0 0] 04 0] 1.8 0 0| 0| 174
5.1.1.2 006 02 0 0 0l 0fojJoO] O] O 0] 0 0 0 0
5.1.2.2 0] 0 0| 0 0 0] 0foOo[fO|] O] O 0] 0.2 0 0 0 0
Together | 26.2| 153.7| 68.2| 10,7/ 13.5 | 1.5/29.6| 2.3| 4.4|41.4| 4.3/200.7| 134,7|27.3/49.4| 2.3| 6 |1327.7| 581.2|43.2(109 | 12.8 l 0.7 ] 0.2| 3.6
Explanati 1.1.2.1 di i built-up area with multi-storey buildings mostly without gardens 1.1.2.2 di i area with famlly houses mostly with gardens,

12.1.1 industrial and commercial areas, 1.2.2.1 road network and adjacent areas, 1.2.2.2 rail network and adjacent areas, 1.3.1.2 quarries 1.3.2.1 areas of landfills 1.4.1.1
parks, 1.4.1.2 cemeteries, 1.4.2.1 areas of sports, 2.1.1.1 arable land largely without scattered (linear and solitary) vegetation, 2.1.1.2 arable land mostly with scattered (linear
and solitary) vegetation 2.3.1.1 grasslands mostly without scattered trees and scrubs, 2.3.1.2 grassland with scattered trees and scrubs, 2.4.2.2 mosaic of fields, meadows and
per crops with d houses ( ges) 3.1.1.1 decids forests with continuous canopy, 3.1.1.2 deciduous forests with discontinuous canopy, 3.1.1.4 areas of
wood vegetation and banks vegetation, 3.1.2.1 coniferous forests with continuous canopy, 3.1.2.2 coniferous forests with discontinuous canopy, 3.1.3.1 mixed forests formed
by variety of trees with continuous canopy, 3.2.4.2 natural shrubs 3.1.4.3 scrubs forests, 5.1.1.1 rivers and brooks, 5.1.1.2 channels 5.1.2.1 natural lakes, 5.1.2.2 water bodies
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Fig. 2 — Land cover in 2009

Discussions and conclusion

Researched territory is located in the area
of Middle Spis. The territory belongs to the fifth
class the quality of environment Slovak Repub-
lic. Long-term effects of extreme pollution from
production of metallurgical plants, electrical
engineering industry and mining of ores have
caused significant changes in classes of land
cover. The time horizon 1958 - 2009 from the
aspect of the changes of the land cover we con-
sider as a relatively short period but neverthe-
less the changes in classes of land cover in that
short time period also are significant. At the
mining and processing of ores were created new
classes of the land cover belonging to the
groups of the artificial surfaces for example:
flotation tailing pond, landfills of the industrial
and dangerous waste etc. All of them are the
environmental loads. The most serious problem
is that the negative impacts of industrial activi-
ties are reflected in agriculture. Due to extreme
contamination of agricultural soils by heavy
metals gradually deleted from agricultural land
fund and the crop production had been banned.
In 2009 the arable land occupying only 4 ha
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today in essence not anymore (Fig. 1, 2, Table
1). The class of permanent grasslands was grad-
ually transformed into the forest communities in
favour to class the coniferous forests with con-
tinuous canopy. The changes were also reflected
into functional structure of the landscape mainly
in the context of economic transformation in
year 1999 when the occurred attenuation of
Metallurgy and of ore mining. The environmen-
tal damage of the territory persists until today
and territory is not suitable for input of inves-
tors, therefore the development of the region in
the near future is questionable. Current status of
environment the territory will be affected a fu-
ture of development.
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