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Abstract

The landscape structure is the result of the long-lasting anthropogenic influence on the natural
landscape. The observations of these changes are helpful when assessing general landscape
development and enable usto predict its further development.

The main aim of this paper is to assess the changes in landscape structure and diversity in the
hinterland of Zemplinska Sirava reservoir over the last 50 years. The methods of GIS and
mathematical statistics are used in the analysis. The landscape diversity and land use changes are
assessed by using aerial photographs, topographic maps and calculated as a number of land use classes
in the units of natural landscape. The landscape changes are assessed by graphs of land use
transformation. The diversity was analysed by the share of selected land use classes per area of the
corresponding nature landscape types or using the moving window method in a GRASS GIS.

1. Introduction

The current landscape structure is influenced by long lasting anthropogenic factors that
modified the original natural landscape. This structure is manifested by a mosaic of different
land use classes. Land use stems from knowing the land cover and its functions (land
utilisation) (Feranec, Ot'ahel’, 2001).

The integration influence of physical and socioeconomic-geographical structures leads
to delimitation of land use types and regions. They are formed either by assigning particular
physico-geographical characteristics of landscape to land use classes with their socio-
economic characteristics or assigning socioeconomic parametres of individual categories of
land use to physico-geographical units (Zigrai 1980, 1994).

The arrangement of land use classes depicts the fragmentation — division of landscape in
context of its usage. Through the landscape diversity the human impact on the landscape and
exploiting potential isreflected (Otahel’, et. al. 2004).

This paper analyses the changes in landscape structure and diversity in the hinterland
of Zemplinska Sirava reservoir. This area has experienced strong changes in land use over the
last 50 years due to construction of a dam. Therefore two time horizons have been selected.

2. Geographic position of theregion

The studied area delimited by the cadastral territories of the villages of Vinng, Kaluza,
Kloko¢ov, Kusin and Jovsa is situated on the border of two genetically different units — the
volcanic Vihorlat mountains and the Podvihorlatska and Zaluzicka foothills. It is a contrast
region located in tectonically active zone that dropped approximately 500 m during the period
between the early Badenite and the early Pliocene. It resulted in the creation of tectonic
depression — the Under-Vihorlat rift valley, the part of which the Siravarift valley is. Till the
end of the Riss it was tectonically inactive. The intensive shifts started at the beginning of the
Wirm and in the postglacial period. Swampy environment gave rise to bogs (Banacky, et al.
1987).
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According to Lapin’'s climate classification (2002) in the Atlas of Landscape of the
Slovak Republic, the studied area lies in two climatic areas — warm and moderately warm.
The warm area includes the Zaluzicka hilly land and south slopes of the Podvihorlatska
foothills. It is a part of the T7 district, which may be characterised as warm, moderately
humid with moderate winter. Northwards, the district passes to moderately warm and
moderately humid M 3.

Hydrologically, the territory belongs to the Laborec basin with Trnavsky, Viniansky,
Kamenny, Hrabovy, ToméaSovky, Jovsiansky, and Kusin brooks.

The soil cover is presented by cambisoils and luvisoils. The primary vegetation cover
was mostly removed and the landscape was transformed to the cultural steppe. Later, after
building of Zemplinska Sirava dam, it obtained a brand new structure with prevailing sports
resorts for recreation.

2. Methodology

The assessment of landscape structure changes in the studied region is based on the regional
typology of the Slovak territory by Mazur et a. (1980). The foundation map of geoecological
— natural landscape types (fig. 4) has been modified on the basis of the field research and data
obtained from the detailed physico-geographical analysis of the territory. The map becomes a
basis for studying the relations between natural conditions of the territory and its exploitation
by humans.

The current landscape structure, represented by 25 classes of land use, was identified
by vectorisation of orthophotomaps, georeferencing and vectorisation of topographical maps
of scale 1:25 000 as well as our own field research. Topographical maps were used when
assessing the landscape structure in 1956 with the result of 17 classes of land use. The
assessment of changes was conducted by superimposing the layers in Arc View GIS 3.2
software.

In order to express the intensity of landscape structure changes we used the index of
change (1z;) that emanates from the summation of absolute values of areal difference of
particular land use classes in two time horizons divided by double size of studied area (Bicik,
et. al. 2001 in Bi¢ik, Jelecek 2005). For studied areathe index is 34,14%.

Since the above mentioned formula does not respect the changes with superimposing the
temporal layers, we introduced index |1z, as a share of changed areas to overall studied area.
Theindex 1z, is 49,2%.

To express the landscape diversity (rate of fragmentation) changes, we used the
indicator displaying the number of land use classes in individual types of natural
landscape (table 2). More verifiable values were presented in fig. 3. It is expressed as a share
of number of land use classesin 1 ha of area of a particular type of natural landscape.

Landscape diversity has been calculated in GRASS GIS (Hofierka, 2003) using the
r.le.pixel command with the Shannon’s Diversity index H' method (fig. 5-8):

H'=>pi*In(p),

i=1
where p; is the fraction of the sampling area occupied by attribute i and m is the number of
attributes in the sampling area.
The results of method application are shown in maps of landscape diversity calculated
over natural landscape types (fig. 5, 6) and maps of landscape diversity calculated by a
moving window method (figs. 7-8).

MAN IN THE LANDSCAPE ACROSS FRONTIERS — IGU-LUCC CENTRAL EUROPE CONFERENCE 2007 — PROCEEDINGS 113



3. Results and discussion

The research results of the studied area of the cadastral territories of the Vinné, Kaluza,
Klokotov, Kusin and Jovsa villages, located on the northern bank of Zemplinska Sirava dam,
proved that over the last 50 years the original landscape structure has evidently changed. In
1956, the studied area was a half-natural landscape with prevailing agricultural and wood
industrial functions. The classes of deciduous woods (3397,5 ha), arable soil (1900,7 ha) and
permanently grass vegetation without solitaires, woods and shrubs (1342,9 ha) dominated
(table 1).

Building the Zemplinska Sirava dam was the biggest change in the landscape structure
(figs. 1, 2). Over the studied time, it manifested mainly in the class of pastures without
solitaires and shrubs with 70,8% decrease. Decrease in class of pastures with trees and shrubs
was connected with the transformation to scrubs and forests. The same happened to class of
scrubs that expanded between the area of villages of Klokoc¢ov and Kusin.

Table 1 — Comparison of selected land use classes in the years 1956 and 2005

Land use classes Area(in ha) Area(inha) | Difference | Increase or
in the year | inpresent (in ha) decrease in
1956 %

1 | built-up areas with family houses and 228,2 294,484 66,284 29,0%
gardens

2 built-up areas of individual recreation - 21,074 21,074 100

3 | areasof special installations - 9,551 9,551 100

4 road network associated land 35,547* 48,318* 12,771 35,9

5 | protective dams - 9,073 9,073 100

6 mineral extraction sites 4,421 14,569 10,148 229,5

7 | cemeteries 3,561 4,3 0,739 20,8

8 | sportsand leisure facilities - 153,436 153,436 100

9 | areasof agricultural cooperatives 4,303 14,183 9,88 229,6

10 | arableland without dispersed vegetation 1900,729 725,508 -1175,221 -61,8

11 | arableland with scattered vegetation 218,31 - -218,31 -100

12 | arableland to no avail - 4,439 4,439 100

13 | fruiting vineyards 177,319 191,599 14,28 8,1

14 | vineyardsto no avail - 24,144 24,144 100

15 | fruit trees 7,796 13,929 6,133 78,7

16 | grasslands prevailingly without trees and | 1342,866 392,588 -950,278 -70,8
shrubs

17 | grasslands with trees and shrubs to no | 300,913 162,118 -138,795 -46,1
avall

18 | garden’s settlement - 9,228 9,228 100

19 | forests 3397,518 3618,23 220,712 6,5

20 | undergrowth 51,706 197,303 145,597 281,6

21 | scrubs 243,493 28,726 -214,767 -88,2

22 | beaches - 43,145 43,145 100

23 | bank vegetation of the water basins - 129,44 129,44 100

24 | vegetated areas along the water streams 42,881 32,43 -10,451 -24.4

25 | water streams and regulated water 25,065** 3,721** -21,344 -85,2
streams

26 | artificial water reservoirs 9,372 1849,882 1839,092 | 19623,2 %

* |n case of transport communications, only the most important transport lines were mapped
** Only water flows with minimal width of 13 m were displayed
Sources. own calculations; seetext for explanation
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After construction of the water dam, the five new classes of land use were formed:
areas of individual recreation, protective dams, areas of sports and leisure time facilities,
beaches and vegetation of water dam banks.

Another important step that has influenced the landscape structure change was
achange of soil management. While before the water dam building the communities had
primarily agricultural and service-housing functions, after building the reservoir the
recreational and natural-protective functions started to prevail. Building recreational resorts
has had negative impact on arable soil area. Within the studied time period we could observe
as much as 65,7% decrease (incl. the classes with the dispersed scrub vegetation).

The housing has changed too. The communities sprawled alongside the existing local
roads and water flows (Jovsa — the increase in housing westwards alongside the local
communication and northwards alongside Jovsansky brook, Vinné — the sprawl in the north-
west part alongside the local communication). In some cases the increase of houses is
registered alongside the newly-built roads that have been built parallel to most existing
communications (Kaluza— housing is concentrated alongside the two parallel roads).

The intensity of housing was of dow pace until the first half of the 60’s; in 1965
building became more intensive and the areas of built-up land use class had grown
considerably. On the banks of the Zemplinska Sirava reservoir, the recreational cottages,
hotels, pensions, restaurants, kiosks, volleyball and basketball, tennis courts, sports hire as
well as two-line communication have been built.

Fig. 1 —Land use changes (in ha) during the last 50 years (1956-2005)
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Sources. own calculations; see text for explanation
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Fig. 2 — Land use changes (in %) during the last 50 years (1956—2005)
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The land utilisation of studied area has markedly changed the original, hypothetical
natural landscape structure. The current landscape structure can be identified through the
classes of land use. Their arrangement depicts the fragmentation — division of landscape in
context of its usage, and represents the current use of landscape potential. In terms of that,
landscape diversity or fragmentation may be interpreted as the structural variety emanating
from the diversity of natural landscape, way, intensity and character of current usage (Ot'ahel
et. al. 2004).

To express the landscape diversity (rate of fragmentation) changes we used the
indicator displaying the number of land use classes in individual types of natural
landscape. We divided them into three groups: 1xx (urban and artificial areas), 2xx
(agricultural areas) and 3xx-5xx (wood and semi-natural, swamp areas, water, (table 2)).

Table 2 — Landscape diversity according to the number of land use classes in the individual
types of natural landscape

Types of | Groups of land use classes | Groups of land use classes | Change 1956 —2005

natural 1956 2005

landscape | 1xx | 2xx | 3xx Total | Ixx | 2xx | 3xx | Total | Ixx | 2xx | 3xx | Total
-5Xxx -5xx -5XX

1111 12 |44 |18 74 14 38 22 74 2 -6 4 0

1112 15 |78 |30 123 6 2 7 15 -9 -76 | -23 | -108

1211 1 8 1 10 2 11 6 19 1 3 5 9

1221 34 |50 |26 110 67 50 56 173 33 0 30 63

2111 3 33 |19 55 10 22 64 96 7 -11 | 45 41

Total 65 | 213 | 94 372 99 123 | 165 | 377 34 -90 | 61 5

1.1.1.1 alluvial cones and fluvial plains with the sheet of pseudogley and gleyed fluvisoils with primary
vegetation of bottomland forests and Carici pilosae-Carpinetum

1.1.1.2 flat marshy depressions with gleyed and pseudogleyed soils with primary vegetation of bottomland
forests
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1.2.1.1 polygenetic uplands with pseudogleyed fluvisoils and pseudogleys with primary vegetation of
thermophilic Quercetum

1.2.2.1 loess uplands with sheet of pseudogleyed and andosoil cambisoils with primary vegetation of Carici
pilosae-Car pinetum

2.1.1.1 Highlands on the silicate substrate with modal saturated cambisoils and andosoils cambisoils with
Carici pilosae — Carpinetum and acidophilic Fagetum

Sources. own calculations; seetext for explanation

More verifiable values are presented in fig. 3. They are expressed as a share of number
of land use classes to 1 ha of area of particular types of natural landscape. In 1956, the range
of values varies from 0,0011 (urban and technical areas within the type 2.1.1.1) to 0,0455
(agricultural areas within the type 1.1.1.1). In 2005, the values ranges from 0,001
(agricultural areas within the type 1.1.1.2.) to 0,0536 (agricultural areas within the type
1.2.1.2).

Fig. 3 — Landscape diversity according to the number of land use classes per 1 ha of area of
particular type of natural landscape
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In 1956, the highest diversity was identified in loess hilly lands (1,280), polygenic
hilly lands (1,125). Medium diversity was registered in shallow swamp areas (1,042), the
lowest one (0,603) in aluvia cones.

Fig. 4 — Geoecological landscape types
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Sources. Mazur et al. (1980) and own terrain research
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Fig. 5— Landscape diversity in the units of natural landscape (year 1956)
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Fig. 6 — Landscape diversity in the units of natural landscape (year 2005)

[ ]o69
[ Joso
[ ]o04869
I 1256
B 1555

Sources: own calculations; see text for explanation
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Fig. 7 — Landscape diversity (real size of moving window 450*450 m, raster resolution 15 m,
year 1956)
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Fig. 8 — Landscape diversity (real size of moving window 450* 450 m, raster resolution 15 m,
year 2005)
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In comparison to 1956, almost double increase in classes of land use was recorded in
2005. The highest diversity value was identified in the polygenic hilly lands (1,555).

The increase of land use classes in case of loess hillylands is adequately reflected in
the diversity index (1,256). Considerable decrease in the number of land use classes is
manifested in shallow swamp depressions, alluvial cones and fluvial plains.

Using the method of moving windows we found out that in 2005 the highest values
were recorded for the recreation resort of Biela Hora, then alongside the state communication
no. 582 Vinné — Jovsa, eastwards the village of Klokocov, westwards the village of Jovsa and
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alongside the east bank of the Zemplinska Sirava reservoir in the cadastral territory of the
Jovsavillage.

However, the method of moving windows (figs. 7 and 8 calculated by the Shannon
Diversity Index) is considered more relevant. Contrary to the previous method, it does not
restrict only to the area of particular natural landscape type that adds only one value of
landscape diversity, but it also enables us to quantify (depending on the number of moving
windows) relatively considerable number of valuesin the studied area.

In 1956, the highest diversity concentration was connected to classes of permanent
grassy vegetation, vineyards and scrubs between the Viniansky castle hill and north part of the
Vinné village as well asin the strip area of state road Michalovce — Jovsa and Michalovce —
Trnava nad Laborcom. Quite high heterogeneity is typical of meadows and vineyards
eastwards the Kaluza village. In some parts of the studied area, higher diversity in 2005 is
recorded due to higher number of smaller land use classes within the moving window. The
territory situated northeastwards and eastwards of the Klokocov village, where the cadastral
territory was covered only by permanent grassy vegetation and ploughed lands, is a good
example.

4. Conclusion

One of the possible ways to assess the changes of landscape structure is to analyse the land
use in various time intervals. In order to identify them, the data layers from 1956 and 2005
were used. In both cases the close relationship between geoecological landscape type and land
use class was displayed. At the same time, it could be seen that index of change calculated
from absolute values of area difference of identical classes in 1956 and 2005 does not reflect
the changes that have emerged by superimposing the time layers. Distinct differences were
identified in absolute as well as in percentage expressions of individual class transformations.

Having processed the data (foundation maps of land use) from 1956 and 2006 we
recognized the changes of communities and their functions caused by the construction of the
Zemplinska Sirava reservoir. On the one hand, it gave rise to travel and development of
toursim; but on the other hand it decreased the diversity in space flooded by water. The
highest concentrations of landscape diversity in 1956 and 2005 were identified alongside the
main communication lines.

The assessment of landscape diversity is dependent on the size of measuring unit that
the diversity refers to. Each geoecological (natural) landscape type that has been assessed was
of different size, therefore, the results could not be mutually compared. In order to compare
them, we re-calculated the number of land use classes to 1 ha of particular type of natural
landscape and used the method of moving windows.

Note: This paper is a part of the scientific project Vega No. 1/4028/07 ,, Research and geo-ecol ogical
evaluation of changes in the use of cultural landscape in selected foothills region in Sovak Republic® .
The project manager: Prof. RNDr. Eva Michaeli, PhD.

This paper is a part of scientific project APVV ID: No. COST-0016-06 Cultural Landscape in
Sovakia — regionalization, protection and planning. The project manager: Doc. Mgr. Jaroslav
Hofierka, PhD.
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Abstract

The research was done at one of the local level case study areas and devoted to the assessment and
mapping of the Land-Use and Land-Cover Change (LUCC) in the boundary zone of the North-West
Russia (Murmansk region) and Norway (Finnmark) according the plans of the Land-Use and Land-
Cover Change Commission of International Geographical Union (IGU) to conduct concrete local to
regional LUCC studies for better understanding of their global significance from environmental and
socio-economic points of view. Landscape methodology has been used on the base remote sensing
of different spatiad and tempora resolution, traditional maps and in-field data to explain
relationships between Land-Use practices and land-Cover patterns and to consider Land-Use change
as driving forces of land-Cover status and trends. Contemporary (present-day) landscape chosen as
the core unit of LUCC classification comprises various aspects of natural and socio-economic
environment. The global, country, regional and local investigations using this methodology are
described.

The main types of human activity, Land-Cover changes under human impact and
coincidental, present-day landscape spatia patterns at the case study area were analyzed and mapped.
Transboundary investigations serve as a scientific base for more effective use of the natural potential
to avoid unfavorable consequences of land degradation.

1. Introduction

The need for optimal use of the land resources and for balance of Land-Cover capability
with anthropogenic stress is one of the ‘mega-scale’ issues of mankind. The way people use
the land has become a source of widespread concern for the future of the world. The
inability of many countries to balance environmental and production needs, as well as Land-
Cover capability and anthropogenic stress, emphasi ze these "mega-scale” issues. More than
ever, therefore, the need for rational planning of Land-Use/Cover development and optimal
use of the land resources is evident. That's why precise and credible data on Land-
Use/Cover Change and their trends are necessary for understanding global, regional and
local environmental problems.

Russia is distinguished by a graphic share of such problems. One of them which
demands immediate solution is the elaboration of sustainable Land-Use policy when the
capacity of a contemporary landscape to support the development of different economic
activities, when relations between nature and society remain favourable and the living
standards of society are not disturbed. That is especially important during current Land-Use
restructuring in Russia, connected with many geopolitical, economic, and socia problems.

The landscape concept used to map and assess LUCC in Russia allows us to explain
relationships between Land-Use practices and Land-Cover patterns, and considers Land-
Cover change as driven largely by Land-Use Types. On the basis of understanding the
different mechanisms of the interdependence of society and environment and their
contradictions, territories of different levels (from macroregional to local ones) were
studied. For this LUCC local research, the case study at the NW of Russia in the
transboundary zone of Russia was chosen.
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2. Data sour ces and methods

For different-scale LUCC investigations, the landscape methodology is used on the base of
remote sensing data of different spatial and temporal resolution, as well as conventional
thematic maps and in-field data, to explain relationships between current Land-Use
practices and land-Cover patterns. The landscape approach to the environment, involving a
combination of hierarchically subordinated geosystems (present-day landscapes— PDL’S), is
very useful for a realistic understanding of Land-Use/ Land-Cover dynamics and changes
(seefig. 1).

Fig. 1 — Present-day |landscape scheme
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The notion “present-day landscape” (PDL) is very close to a synonym to the notion
of "land system" accepted by IGBP-HDP Global Land Project as «an abbreviated term for
coupled human-environment system that includes Land-Use, Land-Cover, and ecosystems»
(Global Land Project Land..., 2004, p.71). The above scheme of PDL’s (Figure 1) is rather
similar to the basic scheme of Earth System in Global Land Project... (2004). The Earth
System, consisting of Human and Environment Subsystems, represents the global level of
land(scapes’) hierarchy and could be divided into more detailed land(scape) units at regional
and local levels. Many landscape scientists and geographers often use the term
«geobiosphere» for such globa Earth System.

Present-day landscapes are territorially defined units of land surface, characterised by
a structurally organised combination of natural and economic components whose close
interactions give birth to the present-day landscape territorial system. Such an approach
provides a base for the perception of the world as a system of interrelated territorial samples
with different environmental situations. In response to this issue, a hierarchical landscape
classification scheme is proposed for scal e-dependent landscape applications. The main points
of landscape monitoring and assessment are related to the inventory and diagnosis of their
status, based on a scale-dependent mapping and GIS. A specific present-day landscape should
be considered as a basis for specific economic activities on different levels.
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It isimportant to study natural objects not from the consumers point of view, but asa
whole system, including those of its elements that do not have direct economic value, but
are important for system functioning and integrity. A system of Land-Use must be created
in such way as not to cause contradictions to existing natural processes, and not to destroy
or exhaust the system, but to make it more reliable and help to devel op those processes.

Since the present-day landscapes consist of two subsystems, their evaluation for
economic and other activities should have two tracks. One track deals with the genera
physical conditions (NLU’s — Natural Land (scape) Units). The second track deals with
Land-Use and human driving forces (socio-economic, cultural and political settings) of
present-day land (scape) system and described as LUT’s (Land-Use Types). So, present-day
landscapes' evaluation comprises study and analysis of the compatibility of the requirement
of LUT and of the properties of natural land (scape) basis (NLU). NLU’s are generally
suitable for more than one LUT. Therefore the Land-Cover evauation has to be done
keeping in mind a number of Land-Use options and reflecting the physical, economic and
social settings: the terms of reference of the land evaluation; the general physical conditions
of the land(scape); the actual situation of the region, in particular regarding the actual Land-
Use, population, infrastructure, income, technology; the formal development objectives
regarding ecology, economy, employment, education, research, etc.; the time period for
which the results of the land evaluation study are expected to remain valid; the socio-
economic conditions of the land regarding, for instance, ownership, location, size, etc.

The important issue for land evaluation is geographical scaling. The wide experience
of Moscow State University researchers in LUCC study allowed us to carry out these
investigations for different scales: global—the World Map of Present-day |andscapes, scale
1:15M (World map..., 1994); macroregional—experiments with present-day landscape
mapping and classification for the whole Russia, as well as large-scale mapping at regional
and local levels. Contemporary (present-day) landscapes were chosen as the core unit of
LUCC classification, because it comprises various aspects of natural and socio-economic
environment (Milanovaet al., 2002; Milanovaet al., 2005).

The geographical literature often refers to the term "landscape scale”, which means
the scale of landscape visual perception in field. However, landscape aggregations of
different hierarchical levels can be detected at various scales from global or continental to
regional and local scales. Since the landscape is basically a scale-dependent phenomenon,
we prefer to avoid the term "landscape scale”, which can be a cause of confusion, and
suggest to use the terms "macroregional or continental scale” (1:1.000.000 to 1:10.000.000),
"regional scale" (1:500.000 to 1:1.000.000) and "microregional” or local scale (1:100.000 to
1:500.000).

Different types of remote sensing data were analysed accordingly, in order to test
their suitability for detecting Land-Cover/ Land-Use patterns at different scales.

For global level, the World Map of Present-Day Landscapes compiled at the scale
1:15M by researchers of Moscow State University offers a colorful presentation of the
gpatial distribution of present-day landscapes and the degree of their transformation under
human impact for the whole globe. At country (macroregional) level, the whole territory of
Russia was taken into consideration. Russia occupies 17,1 min km? and comprises
enormous landscape diversity. However natural, viz. aimost undisturbed, ecosystems can
only be found nowadays in Eastern Siberia, arctic regions or high mountains. In contrast,
landscapes of the European part of Russia, where most of the population is concentrated,
have been subject to strong human influence and to transformations for several centuries,
and especially since the 19" century.
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The territory of the central part of European Russia, between 33-42° E and 53-60°
N, was chosen as the study area at regional level. The following features were at the origin
of the selection of this territory as case study area for the investigation: the presence of a
consequential diversity of types of Land-Cover and their territorial combinations; good
Coverage (compared with other parts of Russia) with traditional and remotely sensed data;
availability of a huge number of attributes and amount of spatial data from traditional
sources (topographic and industrial maps, government fund materials, fieldwork results,
etc.).

Different scale experiments with present-day landscape mapping and classification
were done on the base of remote sensing (Land-Use/Cover Change in Selected Regions in
the World..., 2001). Coarse, medium and high-resolution imagery from several satellite
systems (NOAA-AVHRR, RESURS-01-3/MSU-SK, and RESURS-F/MK-4) have been
processed, interpreted and analyzed. Remote sensing data as well as collection,
generalization and analyses of all currently existing data (local and regional maps, satellite
imagery, and detailed ground-truthing field observations) allowed production of an up-to-
date land characteristic database and study of Land-Cover/ Land-Use structure and trends of
their changes).

The most sufficient source of NOAA-AVHRR NDVI images for continental-scale
feasibility study was Global Ecosystems Database (GED), Version 1.0 (on CD-ROM) by
EPA Globa Climate Research Program, NOAA/NGDC Global Change Database Program
(Kineman and Ohrenschall, 1992). Monthly Global Vegetation Index (GVI) from Gallo
Biweekly Experimental Calibrated Global Vegetation Index (April 1985 — December 1990)
with 10-km resolution was used for this study. This data set contains Normalized Difference
Vegetation Index (NDVI) from AVHRR sensor on NOAA-9 and NOAA-11 satellites
(Kidwell, ed. 1990). For the country level of research the total of 60 images over the period
1986-1990 with a 10-km resolution were obtained from the database for the territory of the
whole former Soviet Union.

For regional level, severa principal sources of satellite imagery were used for data
simulation: AVHRR images of 1-km resolution over the whole area of study and
photographic high and medium resolution images acquired by KATE-1000, MK-4 and
MKF-6 instruments on board of Russian satellites of RESURS-F1 series and orbital stations
Soyuz and MIR. Complimentary, ancillary data incorporated into geographical information
system were analyzed in order to aid image interpretation. The Advanced Very High
Resolution Radiometer (AVHRR) 10-day composite data were visually analyzed and the
most representative were selected for the area of study in 1992, to study seasona and
phenological dynamics of Land-Cover. These data were the principle source of information
on surface biophysical parameters, as well as on thematic surface characteristics, such as
Land-Cover and Land-Use. These data were obtained from the global data base of EROS
Data center where geometric and radiometric composition was done according the IGBP
requirements (Eidenshink & Faundeen, 1994).

Particular attention is given to analysis of vegetation indices. Multi-temporal NDVI
isauseful tool for monitoring the dynamics of natural ecosystems on aregional or a country
level. Single data analyses, especially using AVHRR data, are frequently inadequate for
discriminating Land-Cover types, because disparate Cover types can share spectral
characteristics. One-kilometer AVHRR data have been used less often than Global Area
Coverage (GAC) or Global Vegetation Index (GVI) data because they have not been
generaly available.
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The following computer techniques were the most efficient for different types of
land categorization based on AVHRR data: classification (supervised and unsupervised) and
Principal Component Analysis (PCA). Both supervised and unsupervised classification
methods are based upon statistical parameters such as mean and standard deviation. IDRISI
Ver. 4.1 software package for IBM PC hardware platform was used for data visualization
and analyses (Eastman, 1992). Attribute information, traditional mapping sources, and
expert knowledge were used to assign Land-Cover typesto the resulting land categories.

In these different levels' researches, spatial and statistical data have been evaluated
for Land-Use/Cover change study. The combination of remote sensing data, above
computer techniques and the landscape concept, serves as a scientific base for long-term
development of ecologically sound and economically efficient Land-Use policy in Russiag;
to use more effectively the natural potential and to avoid unfavorable consequences of land
degradation.

The local level researches were done at the case study areas in different natural zones
of Russia; one case study is located in NW Russia, in the transboundary zone of Russia —
Norway.

3. Local level case study area

The transboundary (Norway- Russia) case study local area, which is presented in this
paper in more detail, is located in the Northern Fennoscandia, across the border between
Norway (Sor-Varanger municipality of Finn mark county) and Russia (Petsamo
municipality of the Murmansk region) approximately between 69° 00/ N and 69° 30’ N;
28° 30 E and 32° 00’ E. The state border lies mainly along the rivers of the Pasvik (Paz in
Russian or Patsoiioki in Finnish) river system (seefig. 2).

Fig. 2 — Location of key study area (small rectangle) in Northern Fennoscandia
transboundary Norwegian-Russian zone.

Tt NORWA 0
\, Y ; BARENTS SEA

..
¥
= &

FINCAND 4

_.f sseeeas NOTthem limits of pine forests
Iy Study area

MAN IN THE LANDSCAPE ACROSS FRONTIERS — IGU-LUCC CENTRAL EUROPE CONFERENCE 2007 — PROCEEDINGS 127



On the base of thematic maps, remote sensing data and in-field investigations, the map of natural
subsystem (types of relief and zonal vegetation) of present-day landscapes was compiled at the scale 1:200
000. A peculiar feature of this study areais its location across three landscape zones of tundra, tundra-forest
and northern taiga, and associately across the northern polar limits of the Norway spruce Picea abies L. and
Scots pine Pinus sylvestris L. forests.

Tundra-type landscapes are situated at the extreme north and north-east of the case study area and
represented with treeless plateau or low mountains with lichen or dwarf-lichen heath (Murmansk coast,
Petsamotunturi). Tundra-forest landscapes occupy the vast territory at the south-east of area in study. These
are mainly hilly plains Covered with till or isolated low fells (Shuort, Virnimia) and some river valleys
(Kasesioki, Small Pechenga). The sparse forests and shrubs of the tundra-forest landscapes consist of
mountain birch Betula pubescens subsp. tortuosa (Ledeb) Nyman. The northern taiga pine forests of so
called Kirkenes “forest lug” in the valley of river Pasvik (Paz) are one of the northernmost forest penetration
in Europe because of favorable temperature refuge conditions. The prevailing forest types are dwarf-lichen
pine and birch-pine forests on eskers and hills, greenmoss-dwarf shrubs pine forests in marine and glacial-
marine lowlands and along river valleys. Spruce forests of greenmoss-dwarf shrubs type appear at the
extreme south-east of the area (only in Russia). Also, different types of peatlands are widely distributed
throughout the northern taiga landscapes. The most typical of them are northern aapa mires (Seigiioki basin,
Terskeljaur basin) and raised bogs.

For local case study of Land-Use landscapes subsystem, the Landsat ETM+
satellite image acquired at 07/2002 was chosen. The ETM+ system of the Landsat satellite
records reflectance information of the earth’s surface in six spectral bands with spatial
resolution 30x30 m. Automatic channels analysis was made on the base of ERDAS
Imagine 8.4 package for creating six band composition in false-colors.

The image automatic generalization was made on the base of ERDAS package
modules (Composer, Enterpreter, Classifier) using unsupervised classification method,
while keeping in mind spatial structure of different Land-Cover types with the similar
spectral characteristics (for example, bogs). As a result of the classification procedure,
initially 12 land-Cover classes were produced. These results were tested in-field by
comparing classification results with actual vegetation and Land-Cover types. The
ground-truth data was based on the in-field interpretation of LANDSAT satellite image
false-color composite prints (1: 200 000 scale), topographic maps (1: 200 000, 1: 100 000
and 1: 50 000), series of forest inventory maps (1:50 000), maps of quaternary deposits (1:
100 000, 1: 50 000) and additional in-field data. All the revealed inaccuracies were taken
into consideration in the more detailed image interpretation and final supervised
classification procedure that alows adding 5 new land-Cover classes to the initial
classification scheme. As a result of Landsat image interpretation, contemporary
landscape pattern of the transboundary Norway-NW Russia zone was mapped. Analysis
of these maps accompanied with in-field data and data collected from local inhabitants
allows compilation of a map of principal Land-Cover changes and their causes during the
last 100 years for the area in study and elaboration of some recommendations on efficient
Land-Use policy (see Section below).

4. Main types of human activity and their impact on Land Cover of the case study
area

The main types of human activity and coincidental, present-day |landscape special patterns
are quite different along both sides of the Norwegian-Russian border. As awhole, present-
day landscape pattern of the Russian part is more diversified than that of Norwegian part.
Unlikely Norwegian territory Petsamo region has a long and complicated history of
changes in Land-Use practices due to the fact this territory belonged initially to Russian
empire, to Finland in 1921-1944, and then to Soviet Union, inherited in 1991 by Russian
Federation. Among the most important current human activities of the study area are
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copper-nickel industry, hydropower, forestry (including fell-cutting and use of non-forest
products), reindeer pasturing and other agricultural activity.

Transboundary Norwegian-Russian area is rather scarcely populated. The total
number of inhabitants of Petsamo region is estimated at 47 000, with population density
about 5, 2 people per sq. km; in Sor-Varanger municipality, estimated population is 9500
and density 3 persons per sg. km. (2004). In Norwegian part, small rura settlements are
concentrated along the state border. In Petsamo region there are rather big urban
settlements of Nickel and Zapolyarnyi and a few rural settlements. Many settlements
throughout the Petsamo region are abandoned now. Among them are Prirechny with
abandoned copper-nickel enterprise, the oldest Finnish settlement Salmijarvi, some
military bases, etc.) The peculiarities of the boundary geographical location of Petsamo
region explain the great diversity of military objects at this territory. The access of
common people is restricted here but as a matter of fact militants have an exclusive right
on Land-Use. That causes some negative impacts on environment (local timber felling,
garbaging, illegal hunting and so on).

The ground of present-day human activity in Petsamo region mainly coincides
with Cu-Ni smelter of Pechenganickel located in the north-eastern part of the study area.
Copper-nickel industry has a major impact on study area’ s Land-Cover types.

Pechenganickel enterprise was established in 1933 on the territory of Finland, and
since 1944 is situated on the territory of Russia. The environmental pollution has
drastically increased since 1971 when enterprise started to use, along with local ores, aso
nickel ores from Norilsk with high sulfur content (up to 30%). Currently, thisindex is 150
min. tonnes, with annual air emission of sulphur dioxide around 110,500 tonnes and of
nickel around 6000 tonnes (2004). The spatial pattern of air-borne pollution from
Pechenganickel and its impact on terrestrial and freshwater ecosystems are well-
investigated and widely-cited (Environmental atlas of Murmansk region, 1999;
Tommervik et a., 2003).

In 1992-1997 the ecogeochemical mapping was done by Geological Surveys of
Norway, Finland and Cola expedition of Russia on the total area of 200 000 km? in
Murmansk region and nearby regions in Norway and Finland polluted by nickel, copper
and others contaminants. In Murmansk region there are two enterprises (Pechenga and
Monchegorsk) which provide high pollution on neighbor territories. The summary
indicator of moss and soil pollution by Ni, Cu, Co, Cr, As, Cd, Sb, u V was calculated
[Ze= X K k - (n-1)], where Kk — coefficient of pollutants concentration, n — number of
anomal elements. Results of mapping heavy metal concentrations in moss Cover and
topsoil revealed a drastic decrease in the level of pollutants, down to background level, at
3040 km distance from Cu-Ni smelter. Increased sulphur content in moss and topsoil was
observed over agreater area, but concentration-level decline was smoother.

The scheme of vegetation changes shows that the areas with mostly changed areas
are situated closely to Pechenganickel. The vegetation degradation is especialy high in
tundra and forest-tundra landscape zones (Petsamotunturi) where some areas are
characterized by total destruction of natural vegetation and its replacement by so-called
technogenous deserts, accompanied with heavy wash-away of top-soil (seefig. 3).
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Fig. 3 — False-colour composite of the study area. Technogenic deserts around Cu-Ni
smelter of Pechenganikel, which creates sharp contrast between Norwegian part (left) and
Russia part (right) are clearly visible as blue areas. Clear pink-rose areas are
agricultural areas at the place of drained bogs; rose and red areas are birch shrubs, pine-
birch and pine forests; grey areas are tundra landscapes.

The tundra—forest vegetation is also characterized by changes in vegetation types
(lichen Cover is replaced by dwarf shrubs mainly Vaccinium myrtillus) and low
synantropic grasses. But these drastical changes are well distinguished not far from 10 km
along the north-eastern—south-western gradient, marked by prevailing wind direction).

Northern taiga forest landscapes are revealed as the most vulnerable to air
pollution. The more than 100 km-zones of copper-nickel smelter influence are
characterized by decreasing forest areas because of drying of pines, and also replacement
of pine-birch forests by sparse birch forests.

For the pine habitat closest to the smelter, pine trees are completely dried. High
fire-frequency causes hindrance to any tree rehabilitation. Further from the copper-nickel
smelter, understorey Cover changes are also visible: moss and lichen (incl. epiphytes)
completely disappear and different diseases affect pine trees.

In 1988 the Norway-USSR Commission (An Environmental Investigation in
Arctic Europe) was created for cooperation and nature protection in this transboundary
area. The programs on modernization of Pechenganickel technological process were
elaborated and began to be implemented.

In 1990's, overall industrial decline also led to decrease in pollution levels. By the
year 2000, new ore deposits with high nickel content were found in Petsamotunturi.
Extracting these made it possible to avoid further using high-sulphur-content ore in
smelter industry. That, along with new smelter clean-up technology, will allow continued
decrease in air pollution levels. As a result of the decline in air pollution, technogenic
deserts are now actively inhabited with birch shrubs. This phenomenon can be partly
explained by means of regional climate warming, or higher tolerance of Betula pubescens
to ar pollution (Kozhevnikov, 1998). Some measures on recovery of technogenous
deserts have started since 2001, but they are restricted to insignificantly small areas.

Along with air-borne pollution, copper-nickel enterprise leads to serious changes
of Land-Cover patterns. The great of territory especialy around city of Zapolyarniy are
completely destroyed by mines, mining fills and different types of tailings. Some natural
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lakes (f.e. Palojarvi) are transformed to technogenic ponds. There is no current perspective
to reCover these areas. Only the abandoned mining complex in Prirechniy is
spontaneously inhabited with grasses and birch shrubs.

Besides influence of Pechenganikel enterprise, there are some other impacts on
Land-Cover changes (deforestation, pasturing and draining of bogs).

Hydroenergetic use of Pasvik river is significant in the study area. Along Pasvik
valley, seven dams have been constructed in the 20" century, five of them in the Russian
part and two of them in the Norwegian part. Creation of a small water reservoir in the
valley has caused a drastic effect on the hydrological regime of neighboring sites (increase
in groundwater-level and sprawling of mires) but at the same time, it has led to some
increase in diversity of avifauna (Enare-Pasvik nature og folk grenseland, 1996).

Timber felling and deforestation are limited because the regeneration of forests
near their northern limitsis very difficult and natural forests' increaseisvery low.

Indigenous people of Petsamo region made little use of forests. They did practice
some logging for household purposes. Commercia timber felling began to develop only at
the beginning of the 20" century in the lower part of Pasvik valey by Norwegian and
Russian colonists. During the 1920's, the sawmill in Jakobsness was the greatest in
Northern Europe. Total timber felling was undertaken during the Second World War and
afterwards. Since the 1950's, the territories under timber felling sprawled on the Russian
part from valleys of Pasvik and its tributaries to neighbors of new settlements
(Zapolyarniy, Prirechniy etc.) and along built railroads and highways. The practice of
timber clear-felling ceased in Petsamo only in the 1990’ s, after total resource depletion. In
our days, the magjority of pine forests in Pasvik valley demonstrate different post-felling
reCovering stages. The youngest felling-places are located at the extreme south of study
area and the oldest one at the northern limit of current tree limit of Scots pine. That's why
comparing contemporary northern limit of pine forests in Petsamo region with the map of
vegetation of 1925 (Kujala, 1925) one can observe its significant retreat to the south.

According to the latest Russian forest inventory data (2003), forests of Petsamo
region have rather low economic value, but in the south of study area some commercial
felling is till planned. It will be more rational to avoid any commercial forestry at the
territory, excluding use of non-timber-forests.

In the Norwegian part of study areathere is no timber felling. According to data of
Norway Institute of Nature Investigation (NINA) the fires are rather rare here since 1970,
but at the Russian side of boundary, fire frequency is very high especially for dried, dead
forests near Pechenganickel.

However undisturbed forest massifs can sustain only at the rather south-eastern
part of the study area. Analysis of forest inventory maps and Landsat image interpretation
allows mapping two forest massifs as undisturbed old-growth pine and spruce forest
stands of 1000 km? in square. For this areas it can be recommended strict conservation
measures which can be realized under creation here of new protected areas of [Vth [UCM
category. The northernmost pine forest in Europe of so-called Kirkenes-lug is partly
protected now in strict nature reserve of Pasvik. At the Norwegian part there are two
protected areas in which the northernmost pine forests are conserved namely national park
Ovre Pasvik and Pasvik nature reserve.

The reindeer pasturing is not wide-spread now in the case-study area. Indigenous
people of Petsamo region (Saami) were mostly evacuated from here up to 1944. Now
some storage of lichen (yagel) is left only for souvenirs production. Only on the Rybachiy
peninsula, a small reindeer herd (around 500 animals) is currently sustained. According to
our estimation, under seasonal grazing practice the territory of Petsamo region can sustain
3000 animals without negative trampling effect on vegetation and soil. In Norway,
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reasonable Saami’ s system of reindeer pasturing is so moderate that it doesn’t lead to any
negative change of Land-Cover.

Agricultural activity in study areas is rather insignificant in scale. In Norway, the
location of agricultural areas is confined to some rura settlements where they are
represented mainly by rich-herb meadows or vegetables plantations. The same types of
Land-Use were conventionally sustained in Petsamo region. Small patches of highly-
productive meadows in the valleys of Pasvik and Pechenga and along the shores of
Samijarvi Lake were the main ground for breeding milk cattle during the period of
Russian and Finnish colonization (the first part of the 20" century). From the mid 1970s
up to 1985 throughout Soviet Russia, land amelioration programs were introduced. The
great bogs massifs around Kuetsijarvi and Salmijarvi lakes, in the valley of Kassesoki
river and so on were drained and transformed to artificial meadows. Now in Petsamo all
the agricultural areas in the place of artificially drained bogs are completely abandoned.
This leads to degradation of channels and changes in hydrological regime and vegetation
Cover where now willows scrubs dominate. Still, around some urban settlements, many
local inhabitants sustain small vegetable plantations. But most of them are located in areas
severely contaminated with heavy metals. Under human impact at the agricultura lands
and drained bogs, the level of ground water is changed as well as soils properties,
vegetation Cover and microrelief.

5. Results and discussion

The LUCC assessment through a combination of traditional maps with remotely sensed
data contributes to addressing several issues. How do spatial contours agree / disagree in
conventional thematic maps and maps produced by automatic interpretation of remotely
sensed images? What is the physical / geographic meaning of disagreements in contours
of maps produced by different techniques? What are advantages / disadvantages of both
sources of information?

Landscape analysis represents a holistic view on the man-made and natural
surroundings and attempts to bridge the gap between natural and socio-economic
subsystems. Within the framework of present-day landscape mapping, it is possible and
relevant to investigate how regulatory tools at various political or administrative levels,
addressing different parts of the systems, influence the environment and how sensible
different parts of the landscape are to human driving forces.

The important issue for land evaluation is geographical scaling of investigations
defining the degree of information details, resolution of remote sensing data, methodol ogy
of classification & mapping. This was shown during this research of LUCC in Russia at
macroregional, regional and local levels.

6. Conclusions

A likely outcome is that the contemporary landscapes are complex due to the fact that social,
economic, technical and ecological processes operate on awide range of spatial and temporal
scales. The comparative transboundary investigations of land-use / land-cover state and
dynamics in Russia — Norway zone serves as a scientific base for development of
ecologically sound and economically efficient Land-Use policy in Russia. Such a policy
would use the natural potential more effectively and would avoid unfavorable consequences
of land degradation. The results of the proposed research have direct relevance to land
management and nature conservation, and can help to elaborate recommendations on rational
Land-Use strategy in Russia.
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