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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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ЕКОЛОГІЧНІ ВІДМІННОСТІ ЗЕМЕЛЬНОГО ПОКРИВУ В ЧАСОВОМУ ІНТЕРВАЛІ ПРИ 
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Оцінка просторової структури рослинного покриву має велике значення для дослідження ландшаф-

ту, особливо з точки зору експлуатуючої ландшафтної екологічної стабільності та сталого розвитку, а 

також ландшафтного потенціалу. У той же час вона грає важливу роль у визначенні впливу промислово-

сті на ландшафт. Класи шарів рослинного покриву можна розглянути як підставу для інших досліджень 

ландшафту. Мета: Порівнюються зміни в ландшафтній структурі між 1958 - 2009 роками на території 

міста Кромпачі. Методи: польовий, аналітичний та математичний. Результати: Для оцінки змін в ланд-

шафтній структурі використано топографічну карту 1958 року і ортофотоплани фактичної ситуації 2009 

року. При цьому, зміни в ландшафтній структурі були оцінені за допомогою ГІС-технологій в часовому 

інтервалі 1958 - 2009 рр. Абсолютні і процентні відмінності в класах земельного покриву для часового 

інтервалу 1958 - 2009 рр. виявлені за допомогою перетворювальних таблиць. Тенденції зміни грунтово-

рослинного покриву встановлені за допомогою графіка класів рослинного покриву для другого ієрархіч-

ного рівня. 

Ключові слова: ландшафтна структура, оцінка земельної покриву, звалища, Кромпачі 
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Оценка пространственной структуры растительного покрова имеет большое значение для исследо-
вания ландшафта, особенно с точки зрения эксплуатирующей ландшафтной экологической стабильности 
и устойчивого развития, а также ландшафтного потенциала. В то же время она играет важную роль в 
определении воздействия промышленности на ландшафт. Классы  слоѐв  растительного  покрова  можно  
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рассмотреть как основание для других исследований ландшафта. Цель: Сравниваются изменения в 
ландшафтной структуре между 1958 - 2009 годами на территории города Кромпачи. Методы: полевой, 
аналитический и математический. Результаты: Для оценки изменений в ландшафтной структуре ис-
пользовано топографическую карту 1958 года и ортофотопланы фактической ситуации 2009 года. При 
этом, изменения в ландшафтной структуре были оценены с помощью ГИС-технологий во временном 
интервале 1958 – 2009 гг. Абсолютные и процентные различия в классах земельного покрова для вре-
менного интервала 1958 – 2009 гг. выявлены с помощью преобразовательных таблиц. Тенденции изме-
нения почвенно-растительного покрова установлены с помощью графика классов растительного покрова 
для второго иерархического уровня.  

Ключевые слова: ландшафтная структура, оценка земельного покрова, свалки, Кромпачи 
 

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 Spišská Nová Ves on the 
boundary of two geomorphological units Hor-
nádskakotlina (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 Hornádskakotlina (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 spišskýpríkrov 
(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-
nádskakotlina (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-

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 - 16º C [12]. 

River network represents on the northern 
edge of the territory Hornád(river)andits tribu-
taries. Soil cover is formed mostly of Dystric 
Cambisol. On the floodplain of Hornád and its 
tributaries there are Dystric Fluvisols and on 
uplands of Hornádskakotlina (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

th
 century and in first half of the 19

th
 century 

(ore mining and processing). Hornádskakotlina 
(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 SO2 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
th
 century and the first 

half of the 19
th
 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 

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 Halňa occurs in the areal Kovohuty 

Krompachy and is located on the right bank of 

the Hornád (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
3
, 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 period 1958-2009 (in ha) 
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Fig. 2 – Land cover in 2009 

 
Discussions and conclusion 

 
Researched territory is located in the area 

of Middle Spiš. 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 

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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