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MAN IN THE LANDSCAPE ACROSS FRONTIERS:
LANDSCAPE AND LAND USE CHANGE IN CENTRAL EUROPEAN BORDER
REGIONS
IGU-LUCC Central Europe Conference 2007
CD Proceedings

Dear reader,
You are now opening a collection of 21 papers that were presented at an unusual “travelling”
conference. This event took place in late summer 2007 under the name “Man in the landscape
across frontiers: Landscape and land use change in Central European border regions”. It was
held under the auspices of Land Use / Land Cover Change Commission of International
Geographical Union (IGU-LUCC) and Global Land Project (GLP). The conference took place
successively in four Central European countries – Slovenia, Austria, Slovakia and the Czech
Republic – between August 28 and September 4 2007.
The conference was organised by a cluster of universities and scientific institutions of
the above-mentioned countries – namely Charles University in Prague (Czech Republic),
University of Klagenfurt (Austria), Slovenian Academy of Sciences and Arts (Slovenia),
Comenius University in Bratislava, and Slovak Academy of Sciences (both Slovakia). The
main coordinators of the conference were Ivan Biþík (Czech Republic), Matej Gabrovec
(Slovenia), Fridolin Krausmann (Austria), Pavol Hurbánek and Monika Kopecká (both
Slovakia); but many others cooperated in the organisation as well. Several grant projects of
these countries supported this event – namely the contract GAýR 205/05/0475 (Grant Agency
of the Czech Republic), the contract APVT-20-016704 (Research and Development
Assistance Agency of the Slovak Republic), Bilateral Program of Scientific and
Technological Cooperation KONTAKT (Slovenia – Czech Republic, project No.5, 2006/7)
and the program P6-0101 (Slovenian Research Agency).
More than 40 researchers from 14 countries (the European Union, Japan, Australia,
Russia) participated in the conference. The event concentrated on land use and landscape
changes in peripheral and border regions, particularly in Central Europe, or, in the former
Austrian-Hungarian Empire, to be precise. Six main topics were in the focus of the
conference: (1) Long-term land use and landscape changes (description, analyses, “driving
forces” as causes, impacts, etc.), (2) Man in the landscape in the past, present and future
(society and its “metabolism”, anthropogenic impacts on landscape), (3) Peripheries and
border regions (threats and opportunities), (4) Impacts of policies and institutions on land use
and landscape, (5) Changing landscape in the enlarged European Union (border regions vs.
interior), and finally (6) New and alternative functions in rural space (biomass production,
agro-tourism, organic farming, nature protection, etc.).
Many interesting field-trips to different landscapes were held during the conference,
when, after a walk and sightseeing, “local” (national) organisers had a short presentation,
followed by a discussion about threats and opportunities in a given landscape, and about its
possible solutions. The most successful field trips were to Ljubljana moor and Velika Planina
(Slovenia), Traisental region (Austria), Devin, Cunovo and Zahorie (Slovakia) and LedniceValtice, Mikulov and Pálava (the Czech Republic). Four half-day seminars were held in three
cities (twice in Ljubljana, and then in Bratislava and Mikulov), where the participants
presented their papers, followed by a fruitful discussion. A poster session was organised in

Bratislava. Most of the papers presented, covering all topics of the conference, are contained
within this electronic Proceeding.
Several cultural and social events were on the itinerary of the conference as well
(icebreaker party on a river boat in Ljubljana, farewell dinner with traditional music and wine
in an old cellar of the city of Mikulov, etc.). The participants also enjoyed typical local and
national meals and cuisine; actually, it turned out that many “traditional local dishes” seem to
be a common heritage of the old Austrian-Hungarian Empire (e.g., the strudel).
Put together, the participants enjoyed a complex cluster of experiences from many
fields – they had an opportunity to listen to scientific findings of their colleagues from
different parts of the world, they could personally visit totally different types of landscape
(urban, rural, flourishing, in decline, tourist, abandoned, lowlands, highlands, etc.) and
compare them with each other and with their own experiences, and they also had an
opportunity to reveal both differences and common features of Central European peoples and
cultures. For instance, we could compare different management practices of vineyards in
Austria and the Czech Republic, different approaches to mountain agro-tourism in Slovenia
and Austria, or totally different layouts of agricultural landscape on both sides of the former
Iron Curtain (former Czechoslovakia and Austria). Generally, the Iron Curtain, together with
the (negative) heritage of the socialist systems, turned out to be a very important issue during
the whole conference. Finally, we cannot omit a big importance of the conference for
establishing new friendships and partnerships among the participants – especially the younger
ones. We hope to have founded new ties of cooperation between scientists throughout Europe.
More information on the conference together with many photos can be found at the
web pages of the conference (www.luccprague.cz).
This proceeding cannot reproduce the nature and genius loci of the conference. But we
hope that the papers cover most topics discussed during the event and will contribute to
improving knowledge about the current state and historical development of landscape and of
border and marginal regions.
On behalf of the conference organising committee,
Ivan Biþík and Jan Kabrda

PAPERS

PRESERVATION, ASSESSMENT AND MANAGEMENT OF SCENIC LANDSCAPE
IN LITHUANIA
DALIA AVIŽIENƠ, ROMAS PAKALNIS, JǋRATƠ SENDŽIKAITƠ
Institute of Botany, Laboratory of Landscape Ecology, Žaliǐjǐ Ežerǐ Str. 49, LT-08406, Vilnius, Lithuania
dalia.aviziene@botanika.lt, romas.pakalnis@botanika.lt, jurate.sendzikaite@botanika.lt

Abstract
Methods for the assessment of scenic landscape, which are applied worldwide and in Lithuania, are
briefly described. Importance of scenic ratings is revealed. It is accentuated that ecoaesthetic quality of
landscape is being integrated into landscape protection, management, maintenance and planning
policy by applying landscape ecology, architecture and geographic principles. A more detailed
analysis of a new Method for the Aesthetic Recreational Assessment of landscape (published in 2000)
is presented. Based on these methods, actual studies of scenic landscape in the protected areas of urban
development range of Vilnius (the capital of Lithuania) were performed in the period of 2001–2006.
The impact of vegetation structures on ecoaesthetic quality of scenery was estimated as well as
recommendations for preservation and improvement of the ecoaesthetic quality of observation spots,
individual scenes and their vegetation were worked out.

1. Introduction
Aesthetically valuable landscape is a property of a nation and State It is a product of nature
and human activity, which should be enriched and protected by the cultural society in the
third millennium (Eringis 2002). Management and preservation of scenic landscape are
related to establishment and maintenance of protected areas. Lithuanian protected areas
(15.3 % of the total area) were validated by the Law of Protected Areas in 1993 (Baškytơ et
al. 2005). Lithuania is rich in aesthetic resources of landscape. Aesthetically most valuable
and picturesque landscape occurs in the areas of 5 national and 30 regional parks. In
Lithuania, scenic areas cover about 7.6 % of the country’s territory (Vengrauskas et al. 2002).
Scenic landscape is one of the essential advantages of Lithuania, which is integrating into the
European tourism market. Aesthetic resources of landscape should be used for recreation and
tourism at the highest possible level.
According to Daujotaitơ (1998), landscape analysis methods at the State planning level
is one of the most important goals in aiming to preserve natural values. Scenic landscape
assessments involve the inventory and evaluation of diverse visible attributes of the landscape
for purposes of planning, design and management (Palmer & Hoffman 2001). Under intensive
development of the Lithuanian State, the research and management of scenic landscape
becomes more and more relevant. In different countries, Lithuania included, landscape
aesthetic resource assessments are made by using the principles of landscape ecology,
landscape architecture and landscape geography, aiming to integrate them into landscape
protection, maintenance, management and planning policy. Such assessments enable us to
describe landscape’s spatial structure, restore landscape resources and vulnerable territorial
units, ensure ecological stability, preserve and increase biological diversity and guarantee
sustainable structure of landscape.

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

8

1

2. Methods for the assessment of scenic landscape
In Europe, various judgement measures, reflecting different landscape policies, have been
applied. In 2000, these models were officially ratified in the European Landscape Convention
trying to coordinate landscape protection, management and planning principles. The variety
of landscape assessment methods depends upon diverse natural conditions in different
countries (Crofts 1975). Aesthetic resources of landscape are rated taking into consideration
territorial features and values. The assessment criteria are different but almost all countries
apply the groups of physical, social, economic, psychological and visual criteria (Daniel &
Vining 1983). Landscape aesthetic evaluation methods include:
1) descriptive inventories
These involve both qualitative and quantitative methods for evaluation of landscape by
analysing and describing its components and assessing their impact upon landscape.
2) public preference methods
These are often undertaken using questionnaires, and are unavoidably linked to the problems
of consensus among the public, and
3) quantitative holistic techniques
These include a mixture of descriptive inventories and public preference models.
In Lithuania, structural descriptive landscape inventory is used. Aesthetic resources of
landscape are rated by the models of structural countable and comparative analysis (Cooper &
Murray 1992). Structural countable analysis models were created by Eringis and Budriǌnas
(1975; 2000), Stauskas (1966) and Purvinas (1966); whereas comparative analysis models
were worked out by Kavaliauskas (1975) and Buþas (1993). The first ratings of landscape
aesthetic resources were carried out by Ơringis and Budriǌnas in 1962. In 1968, their works
were generalized in the first map of aesthetic resources of the Lithuanian landscape. The
whole territory of Lithuania was divided into 21 spatial complexes. Each area, corresponding
to the landscape complex, was evaluated by points. According to the aesthetic assessment
scale (10-point feature scale), 7 areas of different visual effects were singled out. The highestrated landscapes, distinguished by Budriǌnas & Ơringis in 1975, were: the Curonian Spit
(Kuršiǐ Nerija), the seacoast (Western Lithuania) and the river valleys (10 points each), as
well as hilly landscapes with lakes in Eastern Lithuania (8 points).
The first in Lithuania, Ơringis & Budriǌnas (1975) Methods for Aesthetic and
Ecological Assessment of Landscape was published in a monograph, Landscape Ecology and
Aesthetics. In 2000, this edition was improved and Method for Aesthetic and Recreational
Assessment of Landscape was issued.
The presented models are meant for scenery judgments from specially chosen
observation spots. The whole complex of interdependent most-scenic-landscape components
(relief, water bodies, vegetation and human activity) within visibility limits is called a scene.
Such scenic views are closely related to observation spots established on a top of a hill or a
mound, on slopes of lakes and rivers, etc. According to the methods of Budriǌnas & Ơringis
2000, landscape can be evaluated in any territory. But such detailed investigations should be
carried out in recreational zones and in unique protected areas.

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

9

2

3. Research method
In the research period of 2001–2006, ecoaesthetic quality of scenic landscape in the protected
areas of Vilnius (the capital of Lithuania) and its environs was evaluated basing on
preliminary field studies and analysis of maps of the research areas (Avižienơ 2004; 2006).
The goals of the research were to rate ecoaesthetic quality of landscape aesthetic resources
and to investigate phytocenotic objects that should be preserved, revealed or restored for
representation.
In the beginning of investigation, we determined potential observation spots and
relative distance to significant objects by analysing maps of the research area. Scenic quality
assessment was carried out during itinerary field trips. According the Method for Aesthetic
and Recreational Assessment of Landscape (Budriǌnas & Ơringis 2000), ecoaesthetic quality
of scenic views and observation spots is rated by means of standardized difference units
(points). Scenic quality of such locations was estimated in detail on 80 features (see table 1).
Table 1 – Number of features of scenery and observation spot by points
Features

Number of
features

SCENE
I. General impression (dominant, prospects, distances, flamboyance,
naturalness, etc.)
II. Expressivity of relief
A. Terrestrial area (abundance of hills, slopes, valleys, brightness of
exposures, etc.)
B. Water areas (abundance of lakes, rivers and their turns, etc.)
C. Combination of terrestrial and water areas (abundance of islands
and peninsulas, brightness of shallows, etc.)
III. Visual structure of vegetation
A. Relief accentuating vegetation (abundance of woody hills,
islands and peninsulas, brightness of tree belts on the coasts, etc.)
B. Woody vegetation (afforestation, abundance of groves, single
trees and their groups, green plantation of settlements, etc.)
C. Grassy vegetation (abundance of meadows and pastures, etc.)
IV. Human activity
A. Present (urbanization, abundance of homesteads, harmony of
homesteads, roads and engineering equipment, etc.)
B. Historic (abundance of architectural monument, visibility of
castles, mounds, abundance of historic places, etc.)

11
24
9
9
6
24
5
13
6
21
12
6
80

OBSERVATION SPOT
I. Value of scenery
II. Base and spatial character (conditional height, area, variety of
environment, erosion, etc.)
III. Vegetation (forest, tree lines, grassy vegetation and moss)
IV. Human activity
A. Present (engineering equipment, domestic litter, economic
managing, way, etc.)
B. Historic (castles, mounds, architectural monument, etc.)
V. Beach conditions (convenient access, width of shallows, abundance
of water vegetation, cleanliness of water, etc.)
Total:

1
10
8
22
11
11
9
50

Source: Budriǌnas & Ơringis (2000)

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

10

3

The features of scenic views were classified into 4 groups: I. General impression; II.
Expressivity of relief; III. Visual structure of vegetation and IV. Human activity. General
impression judgments include dominants, prospects, distances, flamboyance, naturalness, etc.
To estimate expressivity of relief it is necessary to consider terrestrial area (abundance of
hills, slopes, valleys, brightness of exposures, etc.), water areas (abundance of lakes, rivers
and their turns, etc.) and combination of terrestrial and water areas (abundance of islands and
peninsulas, brightness of shallows, etc.). Ratings of visual structure of vegetation include
relief accentuating vegetation (abundance of woody hills, islands and peninsulas, brightness
of tree belts on the coasts, etc.), woody vegetation (afforestation, abundance of groves, single
trees and their groups, green plantation of settlements, etc.) and grassy vegetation (abundance
of meadows and pastures, etc.). Ratings of human activity impact on a scene cover present
(urbanization, abundance of homesteads, harmony of homesteads, roads and engineering
equipment, etc.) and historical human activity (abundance of architectural monuments,
visibility of castles, mounds, abundance of historic places, etc.).
Observation spots were rated by 50 features of scenic quality (see table1). The features
of observation spots were classified into 5 groups: I. value of scenery; II. spatial character; III.
vegetation, IV. human activity and V. beach conditions. Judgments of base and spatial
character of observation spot include conditional height, area, variety of environment,
erosion, etc. To estimate vegetation of the observation spot, it is recommended to consider
forest, tree lines, grassy vegetation and moss. Ratings of human activity cover present
(engineering equipment, domestic litter, economic management, access, etc.) and historic
human activity (castles, mounds, architectural monument, etc.). Beach condition judgments
foresee convenient access, width of shallows, abundance of water vegetation, cleanliness of
water, etc.).
Based on the above-discussed models, the features of scenery and observation spots
were predicted according to 3 scenic-quality assessment scales. Numerable components of a
scene (woody hills, slopes and valleys of lakes and rivers, islands and peninsulas, groves,
meadows, green plantations of settlements and others) were evaluated from 0 to 3 points
according to the assessment scale of the abundance of countable scenic elements. Twisting
belts of vegetation, overgrowth of scenery with woods, existing, but not distinct groves or
meadows, brightness of tree trunks on the forest edges and distinct tree belts along the
shorelines were evaluated from 0 to 2 points according to scenic quality assessment scales.
Human activity components that made any negative impact upon scenic quality were rated by
0 points, whereas those increasing scenic quality – by 2 points according to the assessment
scale of negative scenic features.
According to ecoaesthetic quality, scenic landscapes were grouped into moderately
picturesque (61–80 points), picturesque (81–100 points) and very picturesque (101–120
points) AVIŽIENƠ (2006) (see fig. 1).
Fig. 1 – Distribution of scenic landscapes according to ecoaesthetic quality
SCENERY
MODERATELY PICTURESQUE
(61-80 POINTS)

PICTURESQUE
(81-100 POINTS)

VERY PICTURESQUE
(101-120 POINTS)

The studied observation spots were grouped into 3 groups according to ecoaesthetic
quality, location and height Avižienơ (2006) (see fig. 2).
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Fig. 2 – Distribution of observation spots according to ecoaesthetic quality, location and
height
OBSERVATION SPOT
ECOAESTHETIC QUALITY
POOR
(UP TO 40 POINTS)

LOCATION

LOW
(UP TO 6 M)

STATIONARY

MODERATE
(41-50 POINTS)
GOOD
(51-60 POINTS)

RELATIVE HEIGHT

ITINERARY

MEDIUM
(UP TO 20 M)
HIGH
(UP TO 70 M)

VERY GOOD
(OVER 60 POINTS)

According to location, observation spots were divided into stationary (on top of a hill,
on a slope of river or lake, where scenic beauty is perceived) and itinerary (a segment of road,
street or path, where one can observe a scene by driving a car, going by train, riding a bicycle
or walking). By relative relief, which is measured by the range of elevation within an area,
observation spots were divided into low (up to 6 m), medium (up to 20 m) and high (up to 70
m).
4. Study area
Based on these methods, in the period of 2001-2006, actual studies of scenic landscape in the
protected areas of urban development range of Vilnius were performed Avižienơ (2004; 2006)
(see fig. 3).
Fig. 3 – Map of the study area
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The object of research includes the scenic landscape of 3 regional parks (RP) (Pavilniai,
Verkiai and Neris) as well as Trakai Historical National Park (HNP). Pavilniai and Verkiai
RP are situated on the area of Vilnius (see fig. 3). Pavilniai RP occurs on the valley of the
river Vilnia lower reaches. The park is aesthetically valuable for its erosion ravines, steep
slopes and gullies, spurs and exposures (see fig. 4). Verkiai RP is established in the northeastern part of Vilnius. The park occurs on the slopes of the right side of the river Neris. The
landscape of the park is diverse. The forms of relief differ in origin and age. The sceneries on
the slopes of Žalieji Ežerai (Green Lakes) (see fig. 5) and woody slopes of the river Neris
flowing along the south-eastern edge of Verkiai RP, are the most picturesque and valuable.
Neris RP and Trakai HNP occur 25 km out of Vilnius city (see fig. 3). The territory of
Neris RP spreads in Vilnius–Trakai–Kernavơ area making a triangle, which is very attractive
to tourists and well connected with good regional roads. The centre line of Neris RP is a
winding, woody valley of the river Neris (see fig. 6) with expressive terraces and gullies as
well as picturesque confluence of torrential streams. The scenery on wooded meanderings and
islands of the Neris, as well as mounds located on the river slopes and settlements of the later
period, are picturesque and ecoaesthetical valuable.
Trakai HNP is the smallest national park in Lithuania. The relief of the park is a unique
standard of the Baltic—hilly landscape abounding in lakes. Trakai abounds in picturesque
scenic views, with expressive relief and high ecoaesthetic quality due to lakes (see fig. 8).
Fig. 4 – Scenery of the woody valley of river Vilnia in Pavilniai RP
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Fig. 5 – Scenery of the woody slopes of Žalieji Ežerai (Green Lakes) in Verkiai RP

Fig. 6 – Scenery of the woody valley of river Neris in Neris RP

5. Results and discussion
In the research period of 2001–2006, 62 scenic landscapes were evaluated (5 in the Verkiai
RP, 22 in the Pavilniai RP, 12 in the Neris RP and 23 in the Trakai NHP). Scenic quality
ranged from 63 to 109 points. By ecoaesthetic quality, most locations (53 %) were rated as
picturesque (81–100 points), 37 % moderately picturesque (61–80 points) and 10 % very
picturesque (101–120 points) (see fig. 7).
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Fig. 7 – Distribution of the number of scenic views and observation spots in the study areas
SCENERY
Moderately picturesque
(61-80 points)

Very
picturesque
(101-120 points)

Picturesque
(81-100 points)

OBSERVATION SPOT
Moderate
(41–50 points)

0

10

20
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Very good
(up
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(over 60
40
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30

40

50

60

70
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90

100

Source: own calculations

The highest ecoaesthetic quality is characteristic of scenery of the Trakai HNP
(Avižienơ 2006) (see fig. 8).
Fig. 8 – Scenery of the lake Akmena in Trakai HNP

Ecoaesthetic quality of scenery depends upon the following factors: relief,
expressiveness, diversity of vegetation structures, visibility of water bodies, harmony of
architectural and other anthropogenic accents. Vegetation is considered as one of the most
valuable components of scenery and one of the most sensitive to urbanization. Under
intensive development of the Lithuanian State and due to great changes in urbanization, the
research on vegetation of scenic landscapes becomes more and more relevant. Landscapes of
each group are characterized by different peculiarities of vegetation structure (Avižienơ 2006)
(see fig. 9).
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Fig. 9 – Mean values and standard deviations of ecoaesthetic quality ratings for scenic
vegetation. Moderately picturesque (I), picturesque (II) and very picturesque (III) scenery.
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Diversity of vegetation structures of moderately picturesque scenery was poor. Very
picturesque scenic landscapes were notable for large diversity of vegetation structures
(forests, wooded peninsulas and isles, protective belts, groves, and meadows). Agrarian
wooded scenery with different vegetation structures usually is more chromatic (Corry,
Nassauer, 2002) than scenery of forest stands with one dominating species.
Assessment of 57 observation spots occurring in protected areas of Vilnius city and its
environs (5 observation spots in the Verkiai RP, 19 in the Pavilniai RP, 11 in the Neris RP
and 22 in the Trakai HNP) showed that 11 % of the observation spots were of very good
quality (more than 60 points), 44 % good (51–60 points), 33 % moderate (41–50 points) and
12 % poor quality observation spots (up to 40 points) (see fig. 7). The highest-rated
observation spots were found in the Verkiai RP. Ecoaesthetic quality ratings of observation
spots depend upon: topographical situation, scenic quality, water bodies, plantations, a
network of access routes for the general public, and accents of human cultural activity.
Many landscape investigators (Gobster, 1999; Budriǌnas, Ơringis, 2000; Ode, Fry,
2002; Ribe et al., 2002; Sheppard, 2004) applying different models for landscape evaluation,
aim to integrate ecoaesthetic quality of landscape into projects for the improvement,
management and preservation of spatial structure of landscape. In European countries
(England, France, Germany) single scenic elements (meadows, groves, groups of trees) are
planned, designed and created in large urban spaces to improve scenic quality of a city (Wells
ir kt., 1981; Ash ir kt., 1992; Anderson, 1994; Adams, 2004; Anonimas, 2004). According to
the Landscape policy directions of Republic of Lithuania, certified in 2004, to ensure
sustainable spatial structure of landscape, it is necessary: to maintain and increase spatial
expressiveness of landscape; to sustain and regulate informative diversity of landscape; to
individualize spatial structures of the formed landscape; to develop landscape standards based
on harmony of nature and architecture. To create more expressive landscape and form spatial
structures of vegetation, it is important to consider the possibilities of preservation and
increase of biological diversity; restoration of violated landscape complexes (excavated
quarries; degrading bogs, etc.); preservation of cultural heritage; ecoaesthetic features of
landscape.
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The impact of vegetation structures on ecoaesthetic quality of scenery was estimated,
and recommendations for preservation and improvement of ecoaesthetic quality of
observation spots, scenic landscapes and their vegetation were worked out in 2005 and 2006.
According to these recommendations, landscape formation cuttings on forest edges, haying of
meadows, management of landscape in protective zones along water bodies and formation of
trees as well as shrubs compositions, restoration and management of green plantations on
observation spots are carried out. Thickets of the same species in the observation spots on the
banks of water bodies moderate expressiveness of landscape, shade scenic panoramas and
stimulate biological pollution of water (Pelikša, 1999; Pelikša, 2000). Scenic river valley
views should be identified and opened.
To manage the above-discussed areas and improve their scenic quality, it is necessary to
take into consideration the problem of invasion of alien plant species, too. Invasive plant
species take over new habitats by gradually pushing out competing native species. In 2001–
2005, the investigation on the flora of 62 scenic, protected areas in Vilnius city and its
environs register 20 invasive plant species. The largest number (16) of alien plant species
were found on the edges of forests occurring in recreation zones on the banks of lakes and
rivers. Alien Acer negundo L. trees were distributed on the edges of the investigated
protective belts of the rivers Neris and Vilnia. The riparian zones generally contain more alien
species than other zones distributed further from water bodies (Deferrari & Naiman, 1994;
Kotanen et al., 1998; Stohlgren et al., 1998). Alien species mainly occur on the edges of
riparian zones. The mentioned species colonize riparian zones because of high accessibility of
the habitat (Tabacci, 1995). In the meadows of protected areas of Vilnius, 5 invasive plant
species were registered, among which Lupinus polyphyllus Lindl. and Solidago canadensis L.
are expansive species not only in Lithuania but also in the other European countries. For
example, in Hungary, Solidago canadensis occupy about 21 % of the protected meadow
areas. The most aggressive invasive plants (Lupinus polyphyllus, etc.) were introduced
intentionally (Gudžinskas 2001). Therefore, nature management projects take into account
those species which are mobile and pose an ecological threat.
6. Conclusions
In the research period of 2001–2006, ecoaesthetic quality of 62 scenic locations was evaluated
in Vilnius city and its environs. It was found that 10 % of them were very picturesque (101–
120 points), 53 % were picturesque (81–100 points) and 37 % moderately picturesque (60–80
points). The highest ecoaesthetic quality is characteristic of the scenery of the Trakai HNP.
Assessment of 57 observation spots occurring in protected areas of Vilnius city and its
environs showed that 11 % of the observation spots were of very good quality (more than 60
points), 44 % – good (51–60 points), 33 % – moderate (41–50 points) and 12 % – poor quality
observation spots (up to 40 points). The highest-rated observation spots were found in the
Verkiai RP.
It was found that 20 invasive plant species growing in the communities of meadows (4),
forest edges (16), groves (4) and protective belts (5) decrease floristic diversity and
ecoaesthetic quality of such locations.
The quality of landscape aesthetic resources can be controlled by applying scientific
investigations and implementing statistically significant and value-based landscape policy
activities, involving changes and formation of vegetation structures.
To organize and regulate activity in protected areas, it is important to protect, maintain
and form picturesque scenic landscapes and create a network of access routes for the general
public to observation spots.
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Implementation of the principles based on aesthetic value, allows us to preserve and
reveal landscape diversity, restore violated landscape complexes and impoverished agrarian
areas, as well as increase the quality of landscape aesthetic resources.
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Abstract
The Catalan Pyrenean valley known as Vall Fosca is an example to illustrate a group of dynamics
which could be compared with those of other European mountain areas. Such dynamics are lead by
two opposite processes which are reflected on landscape: land abandonment and land–use
intensification.
Abandonment is the result of the shift in the socioeconomic model which had sustained
mountain areas for thousands of years. Thus, their inclusion in the sphere of global capitalism in the
middle of the 20th century gave rise to a rapid depopulation process together with land abandonment.
As a result, forest spreads nowadays in former crop fields and meadows, as can be verified by means
of cartographical comparison (1956–2003).
The implementation of an economic model entirely based on tourism brings about an intensive
utilisation of land for urbanisation, thus competing with farming activities for the best and more
accessible land. The ongoing construction of a tourist complex in Vall Fosca raises again the question
of which kind of development mountain areas should have. Likewise, nature protection areas play a
major role in the study area, since they are able to influence certain dynamics or to create new ones.

1. Introduction: general issues concerning recent dynamics in Pyrenean landscapes
Pyrenean landscapes are the result of an intense humanisation of space (García-Ruiz, Lasanta,
1990). Traditional societies exerted an important pressure on their surrounding environment
in order to make the most of the resources available, thus shaping mountain landscape for
thousands of years. Traditional systems entered into crisis along with the spread of global
capitalism in the 20th century (Mateu et al., 1981). As mountain areas were incorporated into
its sphere, ancient farming, agriculture and forestry practices were progressively abandoned.
With the new economic model, the bond between society and its surrounding environment
disappeared. Inputs were no longer generated exclusively within the system, but externally.
Pressure on land diminished sharply and landscape changed: the space utilised for crop
growing decreased, and the intensive use of fire for charcoal production and meadow
delimitation stopped. Primary activities are nowadays limited to husbandry. However, its
impact on economy and on land management is losing more and more relevance.
Forest spread has been the rapid response to lack of management. Biomass increases
considerably as forests replace former crop fields or meadows (Boada, Peñuelas, 2003). The
structure of afforested groves is different from mature forests’ structure. In fact, they are more
similar to tree plantations: many same-aged exemplars and an understory with many species
from previous stages that have not yet been eliminated by the vegetation succession process.
Weakness is the consequence of the lack of heterogeneity in forest composition. At a
landscape level, the most important consequence is loss off heterogeneity (Marull et al. 2006).
As the traditional landscape mosaic disappears, ecological processes are affected due to
species’ adaptation to agrarian landscapes (ICO, 2005; CBMS, 2006, Puigdefàbregas, Fillat,
1986). Fire recurrence increases, especially in the low Mediterranean mountain (VicenteSerrano, et al., 2000) and hydrological regulation varies due to higher rain interception by
vegetation (Gallart, Llorens, 2004).
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Together with land abandonment and agriculture marginalisation, a new process
emerges: the intensification of land use for urbanisation. The most accessible areas are set
aside to residential, recreational, infrastructure, etc, in a way which breaks with traditional
landscape's physiognomy and organisation. These areas of better access are also the most
suitable for agriculture. However, it is impossible for agriculture to compete with the assets
which urbanisation generates.
In this paper the case of Vall Fosca is addressed. Its recent history over the last century
can illustrate how changes in society are reflected on landscape. Vall Fosca is also used as an
example of current trends in mountain areas since a new economic model supported by
tourism is being implemented. Farming activities, on the other side, are still important in Vall
Fosca, thought they are highly dependent on external forces. It is still unclear to what extent
tourist development will have an impact (positive or negative) on them. Finally, protected
areas also play a significant role since a part of the valley is under a certain degree of
protection. This protection level and extent would increase in the short term due to a
foreseeable enlargement of Aigüestortes i Llac de Sant Maurici National Park (PNAESM).
2. Short comments on methodology
Because landscape is a holistic concept, more than one methodology may be useful in
studying it. It is important to underline that research on landscape deals not only with
environmental aspects but also with social ones. Therefore, two main methodologies have
been followed in this case study.
Firstly, a cartographic monitoring of landscape dynamics based on aerial photograph
was the main source of information, and Geographic Information System (GIS) was the
principal tool of analysis. Aerial photographs from 1956/57 (1:30000) and orthophotographs
(1:5000) from 2003 have been photointerpreted based on established land use/land cover
categories. Previously, aerial photographs had to be scanned, georeferenced and geometrically
corrected in order to incorporate geographical information in them. The result of overlaying
both orthophotographs allows us to detect changes in landscape structure. Secondly, an
historical survey was carried out in order to describe traditional landscape configuration, and
to better interpret its effect on current landscape dynamics. Main sources searched are
specialised literature, together with historical files located in la Torre de Cabdella’s archives.
Finally, recent information about urban planning has been searched as well.
3. The study area: Vall Fosca
Vall Fosca is the name given to the Flamisell basin. Its delimitation fits in with La Torre de
Cabdella’s municipal limits. It is located farthest North in the Catalan region of Pallars Jussà
(province of Lleida), covering an area of 165,47km2. Its name, which translated from Catalan
would mean “dark valley”, denotes its uneven topography. It is a closed north-south valley
with a marked difference in height across its 25 km length: from 800m at the bottom of the
valley and reaching almost 3000m at the head (Peguera peak, 2982m). The valley’s head is a
huge glacial lacustrine basin made up of various circuses. The set of about thirty glacial lakes
which can be found there has been utilised for generating hydroelectric energy since the
beginning of the 20th century.
Vall Fosca takes part of three geomorphologic units, which can be enumerated moving
from north to south as follows: i) axial Pyrenees; ii) the region delimited by the rivers
Noguera Pallaresa and Noguera Ribagorçana and iii) the inner Pre-Pyrenees. Climate is
determined by the Pyrenean range it belongs to: annual precipitations are always above
1000mm, with highest precipitation occurring in spring and autumn. Both precipitation and
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temperature are influenced by the altitudinal gradient which is found across the valley. The
outcome is a gradient in climate in which high Pyrenean mountain characteristics are
distinguished from middle-Pyrenean and sub- Mediterranean ones. Differences in the
lithological substrate together with the climate gradient strongly determined the valley’s past
functional specialisation: the upper parts (above la Torre de Cabdella, see maps below) were
mostly dedicated to husbandry due to great availability of grassland, while the middle and
bottom parts (from Molinos downwards) were more suitable for growing crops.
Fig. 1 – The study area: Vall Fosca

Source: own elaboration from cartography available at http://mediambient.gencat.net. Department of
Environment and Housing Generalitat de Catalunya

According to official figures (IDESCAT, 2006), the municipality has 735 inhabitants.
However, the number of those who stay in the valley the whole year is rarely beyond 300.
Population is distributed through 19 different centres: La Pobleta de Bellvei, Espui, La Plana
de Mont-ros, la Central de Cabdella, la Torre de Cabdella, Pobellà, Guiró, Mont-ros, Astell,
Cabdella, Oveix, Paüls de Flamisell, Molinos, Castell-estaó, Beranui, Antist, Estavill,
Aiguabella and Envall, ranging from the most populated to the least populated. Gramenet was
totally depopulated at the beginning of 20th century. Until 1970, these centres belonged to
three different municipalities: Mont-ros, la Pobleta de Bellvei and la Torre de Cabdella.
Population dynamics in Vall Fosca during the 20th century differed a bit from those
found in other Pyrenean valleys. In the second decade of 20th century there was a noticeable
increase in population due to the construction of the first hydroelectric power station in the
Catalan Pyrenees. Although information given by the census is not completely reliable, the
population at the very beginning of the century (1900) was around 1500 inhabitants (INE,
2007a). The hydroelectric power plant construction was carried out between 1911 and 1914.
During this period, the number of arriving workers doubled local population. At the same
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time, a certain number of locals left primary activities and started to work in the power plant
construction and later maintenance. For the first time, secondary and tertiary industry
predominated over husbandry. Another important consequence was a noticeable improvement
in road communications. However, this improvement would only benefit the centres situated
on the riverside, while the rest remained poorly connected until the 1980’s-90.
The fact that a small number of the workers had stayed in the valley once the
construction process ended, contributed to population increase, especially in those centres
which were close to building operations. That was the case of the former municipality of la
Torre de Cabdella, whose inhabitants went up 100% between 1900 and 1930. Later on (from
the second half of the 20th century), like in most of the Spanish Pyrenean regions, the primary
sector would enter into a definitive crisis. Emigration to most populated and industrial areas
become widespread and depopulation accelerated. Nowadays population seems to have
stabilised.
Fig. 2 – Population dynamics in the 20th century
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4. From primary- to tertiary-based system: land use change through 20th century
Climate and topography have conditioned economical activities in the valley. Livestock
breeding developed more than land cultivation, especially in the upper parts, due to poor land
accessibility and to the existence of large extensions of grassland of high quality. Agricultural
areas were found in the central sector and at the bottom of the valley. Terraces were common
in places where slope would make exploitation difficult. Crop location depended on the
frequency with which products were to be consumed (the oftener, the closer). Agriculture
produced no surpluses and so its production (garden, orchard, cereals) was mostly destined
for domestic consumption. Cereals were also cultivated to feed livestock. Forestry was not
important in the valley since forest space was very limited, unlike other Pyrenean valleys.
Vall Fosca was in fact highly deforested: only some deciduous trees like oak trees or ash trees
were left in order to feed animals with acorns or to have some wood available to burn. The
most remarkable then was the total absence of conifers, despite the existence of favourable
conditions for their growing. Historical documents give evidence of that fact, as it can be
found in agrarian surveys carried out in 1790 by Alzamora (Boneta, 1991) or in 1945–50 by

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

23

Madoz (Madoz, 1945). Coniferous forests were most probably burned down in order to
increase the available grassland and crop land. This fact denotes the valley’s strong
specialisation in livestock breeding.
Animals could be divided in two groups: those destined for work (mules, bullocks and
even cows) and those for reproduction and breeding. Mules and bullocks were sold in
regional cattle fires, thus representing an important source of income. Sheep were the most
important until husbandry was modernised; sheep flocks were then replaced by cow herds.
Communal regime of land exploitation was one of the bases which sustained the traditional
system. The largest communal land extension was owned by the former municipality of la
Torre de Cabdella, composed of la Torre de Cabdella, Cabdella, Espui, Aiguabella, Oveix,
Astell and Guiró. They received local livestock as well as livestock coming from other parts
of the valley and from the lowland. La Torre de Cabdella’s communal lands were located in
the head of the valley (in the lacustrine area in the north), in the Filià Mountain (northwest)
and in the Guiró Mountain (midwest). Their total extension is 7862,8 ha , which represents
47,5% of the total municipal area.
Seasonal migration of livestock also played a major role in the valley. Many sheep
flocks travelled across the valley on their way to the plain in November, making the same
way back in April. It is difficult to estimate stocking rate in the valley. Most of the historical
livestock censuses are missing or are not reliable. By way of an example, about 5000 sheep
could be found in the Guiró Mountain (13% of the total communal land extension) in 1902
and 2500–3000 in 1950–70, belonging only to Guiró, Astell and Oveix, according to
historical files. Other centres as Cabdella owned 11000 sheep at the beginning of 20th century
and 7000 in 1950, or 4000 for Espui between 1965 and 1970, as stated by local testimonies.
There is not further historical data concerning stocking rates in the former municipalities of
Mont-ros and la Pobleta de Bellvei, which gathered the rest of population centres. What is
clear is that growing crops was more important there and livestock would have been less
numerous.
Due to the hydroelectric plant construction (1911–1914), a number of farmers dropped
agrarian activities to join in the building operations or to work in the plant until its total
automatisation (Boneta, 2003). Hydroelectricity entailed benefits such as an improvement in
communications with the plain, some residents' access to electricity and, in some cases,
currency availability generated by land expropiation. However, no investments were made in
order to modernise cattle farming. The situation remained the same until the 60’s. The
migratory flow towards industrial areas was largest at that time. The influence of Global
markets consolidated and agriculture and stockbreeding modernisation advanced. Mountain
cattle farming had no means to compete with intensification. Sheep flocks decreased due to
the lack of shepherds and because of the introduction of cow herds. Milk cooperatives started
to operate in the region. However, sheep reduction in Vall Fosca was not as dramatic as in
other Pyrenean valleys and in the late 70’s, sheep comprised almost the same share of
livestock as milk cows and meat cows: again another proof of the greater importance of
livestock breeding there.
As time went by, primary activities lost relevance and tertiary sector became the first
occupation in the valley. Nowadays, new interventions are being planned in order to develop
the tertiary sector on a large scale.
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Fig. 3 – Working population according to occupation sector
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Source: IDESCAT (2006a)

Livestock farms have decreased in number in recent years, although they have
increased in capacity (in hectares and in livestock number) in order to assure viability. Farm
enlargement has been possible thanks to land release by farms which have closed down.
Table 1 – Farm dynamics (1982–1999)
Cows
Sheep
Goats
Pigs
Poultry
Rabbits
Horses
Year Expl. heads expl. heads expl. heads Expl. heads expl. heads expl. heads expl. heads
1999 37 3314
7
5035
3
24
5
480
20
178
19
72
9
251
1989 48 1739
8
5122
8
143
36
695
59
635
57
240
11
42
1982 62 1634 12 4030
8
93
6
410
58
772
59
511
24
53
Source: IDESCAT (2007b)

The number of farms in 2007 is 27. Most of the farms which operate currently are
specialised in cow herds. Some of them are dedicated to calf fattening, while the rest sell
calves to bigger fattening farms in the lowland. Nowadays, there are only two farms which
work with sheep flocks. Thirteen of the 27 farms have recently shifted to a biological system
of production. High subsidies to biological agriculture have been a strong appeal for many of
those farmers, thus becoming an important incentive for conversion.
5. Landscape dynamics in Vall Fosca: land use/cover change analysis (1956/57–2003)
During the 20th century, Vall Fosca experienced deep changes in its economic and social
structures. The shift in the base which had supported the system led to a highly recessive
demographic dynamics and to the generalisation of land abandonment. Pressure on land
diminished or even stopped, so that conditions under which vegetation developed changed.
The effect on landscape dynamics caused by the whole process can be then determined by
analysing land cover evolution.
The availability of graphical sources of information corresponding to two distant
moments in time (1956/57 and 2003) allows cartographical comparison of land use/cover
categories. Aerial photographs were taken in 1956/57 during the so-called “American flight”.
They are important not only for representing the set of aerial photographs which would cover
the Spanish territory for the first time, but also for having been taken during such a important
transitional period for Pyrenean valleys, when organisational structures from traditional
system were still present in some places.
Before being utilised in cartographic work, 1956/57 photographs need to be converted into
ortophotos. Doing so implies a laborious geometric correction process in which aerial
photographs are georeferenced and corrected by using a digital terrain model (DTM). Both
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1956/57 and 2003 orthophotos are then photointerpreted on base on the same land use/cover
categories. All operations were carried out by using MIRAMON GIS software. The results
are showed on Figures 4 and 5.
The map from 1956/57 (Fig. 4) shows very clearly the difference between the lower,
more agrarian parts and the upper ones, much more specialised in livestock breeding.
Cropland abandonment started to be appreciable already in 1956/57. It would go further until
it represented a loss of more than 50% of the agrarian land after fifty years.
Nowadays, crops are not grown anymore and all the agrarian land is set aside as
grassland for stockbreeding. Next to agrarian land reduction the most spectacular change has
been forest spread (Fig. 5). The causes are to be found, on the one hand, in afforestation
processes which result from land abandonment and, on the other hand, in massive coniferous
planting which was carried out in 1940–70. Plantations’ first main objective was to prevent
landslides, which were very common around Espui and Cabdella. Later on, plantations would
be extended with an economic objective, although they would be never exploited afterwards.
They replaced a part of the most accessible pastures next to population centres.
Afforestation process after abandonment originates deciduous forests, mostly formed
by oak trees (Quercus humilis and Quercus petraea), chesnut trees (Castanea sativa), ash
trees (Fraxinus excelsior), etc. Since they had an application in traditional practices, they
were conserved in the vicinity of population centres, thus becoming the seed reservoir for
today’s afforestation. Holm-oak forests (Quercus ilex rotundifolia) spread on poor and rocky
soils in the southern parts of the valley. Pinus sylvestris and Pinus uncinata were excluded
from the valley’s landscape by traditional society, since their distribution domain coincided
with the best pasture areas.
Grasslands and pastures were also affected by livestock pressure decrease, being
reduced in about 28%. Scrubs and coniferous plantations have basically replaced them. A part
of the scrubs which was identified in 1956/57 has turned into forest, while former grasslands
were re-classified as scrub in 2003. As a result, there is not much variation in the total scrub
area.

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

26

Fig. 4 – Land use/cover 1956/57

Source: own elaboration; see text for explanation
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Fig. 5 – Land use/cover 2003

Source: own elaboration; see text for explanation
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Table 2 – Change in land use / land cover (1956/57–2003)
1956

¨ 1956/57 -2003

2003

Ha

%of total Ha

Ha

%of total Ha

Ha

¨%

Deep forest

789,41

4,78

2446,17

14,80

1656,76

209,9

Open forest

378,61

2,29

249,56

1,51

-129,05

-34,1

Plantations

0

0

865,38

5,24

865,38

-

Plantations (open)

0

0

84,16

0,51

84,16

-

Scrub

2693,23

16,30

2708,14

16,39

14,91

0,6

Grasslands and pastures

4817,15

29,15

3481,47

21,07

-335,68

-27,7

Agricultural

2157,58

13,05

1032,64

6,25

1124,94

-52,1

Abandoned agric. Grasslands

307,1

1,86

200,14

1,21

-106,96

-34,8

Abandoned agricultural: Scrub

885,78

5,36

1109,44

6,71

223,66

25,3

Abandoned agric.: Forest

167,29

1,01

136,25

0,82

-31,04

-18,6

Non-productive

4049,7

24,50

3905,63

23,63

-144,07

-3,6

Inland waters

249,14

1,51

268,8

1,63

19,66

7,9

Built-up areas

16,3

0,10

19,11

0,12

2,81

17,2

Major roads

15,41

0,09

19,83

0,12

4,42

28,7

16526,72

100

16526,72

100

TOTAL

Source: own elaboration; see text for explanation

Changes in categories such as “non-productive” are explained by the difficulty in
interpreting the black and white 1956/57 orthophotos, where “non-productive” assignment
was not that clear. This category includes bare rocks, screes, landslides, etc.
All in all, historical survey and spatial analysis allow us to recognise the importance of
human action as a key element in landscape change. Because of its dynamic nature, landscape
transformation never stops. Therefore, current socioeconomic dynamics and new perspectives
of further economic development in the valley would need to be assessed in relation to their
impacts on landscape.
6. A new model: tourism as the basic pillar
As a consequence of rural crisis deepening, new development opportunities were sought in
the tertiary sector along the Spanish Pyrenees. Vall Fosca is an example of that fact. Local
authorities attempt to prevent further depopulation by seeking new opportunities in tourist
activities and urbanisation. However, little attention is paid to diversification, despite the
coexistence of primary activities in the valley. At the end of 2003 the town council announced
a project which would lead the valley’s future development: the construction of a tourism
complex – Vallfosca Mountain Resort – along with the establishment of new ski facilities.
The new built up area would be located in Espui, which would then concentrate 7400
additional beds, distributed between hotel places (65%) and second residences (35%). Espui’s
current number of winter residents rarely exceeds thirty. Along with the residential area, other
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equipment and services (catering and commercial, sport facilities, conference room, wellnesscenter, etc.) would be placed in Espui.
One of the authorities’ main concerns was to avoid dependence on the seasonal
limitation of a ski resort. Therefore, a 9-hole golf course (expandable up to 18) was also
planned next to the building complex. Ski facilities would cover 3400 hectares in two phases
and would have capacity for 3500 skiers. In the second phase, facilities would be extended
and thus, linked up with the existing Boí-Taüll winter resort (in the Boí valley, Alta
Ribagorça). A cable car would be installed in Espui in order to provide access to the facilities.
Simultaneous building of both the residential area and the ski equipment was demanded by
the town council.
Public announcement of the project by local authorities provoked controversy. From
the beginning, Vallfosca Mountain Resort project was supported by a part of the local
residents, the town council of la Torre de Cabdella, the county council and the head of the
Department of Trade, Consumer Affairs and Tourism. Arguments in favour defended that it
was the best economic alternative possible for a highly depopulated territory where most of
the stock-breeding and related activities had already disappeared. With respect to the groups
against, the Vall Fosca Activa platform was set up by a local initiative. The platform was
backed by different environmental groups, like DEPANA, IPCENA, Mountain Wilderness,
Rururbans-Pallars or Salvem Pedra. They adopted a sceptical attitude towards the project’s
success in generating local resources and dealing with depopulation. For them, the result
would be an unbalanced situation motivated by an excessive growth of urban centres (Espui
would multiply its population by 100), reduction of agrarian land, increase in land prices,
spreading of empty second residences, etc. The speculative character of the whole operation
has been denounced by these groups insistently. Ski resort is doubted to be carried out, being
only used to justify the large-scale urbanisation.
Nevertheless, the Catalan government gave the green light to the project. The golf
course was finished in 2005, while apartment construction goes on..
Protests against the project arose not only because of its monoculture and speculative
character. It was found incompatible with nature conservation interests. The ski resort is
located within the limits of the Filià’s PEIN (5,67 km2), that is, a Catalan nature protection
concept. For that reason, environmental associations appealed the project approval by the
Catalan Department for Environment. The appeal was nevertheless rejected in 2005 by the
Catalan High Court.
A part of the municipality (40,14 km2) is part of the Aigüestortes i Estany de Sant
Maurici National Park (PNAESM) peripheral protection area. Aigüestortes is the only
National Park in Catalonia. In July 2006 the Catalan government announced its coming
enlargement. The protection area would become 94% more extensive (by adding 13.000 ha to
the 13.901 existing ones). Likewise, protected peripheral area would increase by 56% and
would be granted a higher level of protection, becoming a Natural Park. La Torre de Cabdella
is among the 15 municipalities affected by the park's enlargement. In case the proposal was
carried out, 50,3% of the municipality would become protected (12,57% as national park and
37,73% as natural park). Although being part of the national park is an effective appeal to
attract visitors, since Vall Fosca could become the third entrance to reach the park, the town
council adopted a critical attitude towards the project. The reason is simply, Filià's ski resort
would be a spot within the new peripheral protection limits. Therefore, future enlargement
prospects to the Boí-Taüll ski resort would be put at risk. La Torre de Cabdella town council
asked the Catalan government for guarantees that the enlargement and joint between both
resorts could be finally carried out. That point was agreed-upon just the previous June, 2006,
in the “Mountain winter resort director plan”. The councillor of Environment undertook to
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study the best option to meet town council's demands. For the moment, National Park
enlargement project is at a standstill.
7. Conclusion
It is not easy to predict the consequences that current decisions will mean for the valley's
future and for its landscape. Likewise, it is also hard to find the formula for keeping mountain
areas a suitable place to live. In any case, moving towards monoculture does not seem the
solution, since it makes territory dependant upon such an unstable activity as tourism.
Previous experiences in Pyrenees already show some examples of negative consequences:
excessive growth of urban centres that must be provided with basic infrastructure, increase in
land prices, total marginalisation of agriculture, and spreading of second residences with a
low occupation index, whose average of occupation days have been calculated as less than
fifteen days per year (cold beds phenomenon). The fixation and stabilisation of population in
the territory seems difficult then. A strong political will and intention will be required to
defend local interests against those from foreign investors.
Furthermore, new uncertainties arise, such as those related to climate change. Increase
in temperatures and winter shortening could seriously compromise winter tourist demand. The
latest Intergovernmental Panel on Climate Change (IPCC) report draws quite unfavourable
scenarios, with a temperature increase between 0,8 and 1,9 ºC for 2020 in Pyrenees.
According to a report referring to climate change consequences in Catalonia (CADS, 2003),
skiing could only be viable over 2000m altitude and assisted by artificial snow.
Therefore, diversification is indispensable. Crop cultivation and stockbreeding can not
be left aside. Besides, it must be taken into account that these activities generate the basic
resource which tourism demands: landscape.
New opportunities for stockbreeding development in the valley can not be left aside. The
number of farms in the valley and its capacity leave a door opened to optimism. Conversion
to biological exploitation increases production added value. However, new ways of marketing
must be sought in order to reduce costs and dependence. Some interesting initiatives have
been learned from local farmers, as a new marketing system based on direct sales to butchers
and to consumers’ organisations, or the implementation of a biological quartering plant in la
Pobla de Segur, within Vall Fosca’s area of influence. Aigüestortes i Llac de Sant Maurici
National Park and its coming enlargement could be also seen as an opportunity for
stockbreeding, since meat and cheese production or herb and mushroom collection in Vall
Fosca could be then associated to a quality brand (the National Park’s brand).
This work was supported by the project of the Spanish Ministry of Education and Science SEJ200604009/GEOG, the Catalan Research Groups’ supporting program (2005SGR00942, Applied
Geography) and the pre-doctoral Granting Program (FPU) of the Ministry of Education and Science.
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Abstract
In this paper, we have examined land use changes in border regions of Czechia during last 160 years.
We postulate that the proximity to a border has influenced the state and development of population,
economy and institutions of these regions, and therefore also the structure and changes of their
agriculture, landscape and land use. Our research benefits from the database of land use in Czechia, in
which shares of eight basic land use categories are known for four time horizons (1845, 1948, 1990
and 2000) in 8 903 so-called Basic Territorial Units (BTUs). For the purpose of our paper, we have
defined four basic sub-sets of BTUs according to their position relative to the state border. Set “At the
border” (A) are BTUs adjoining the border (n = 395); set “Intermediate” (B) are BTUs adjoining the
BTUs of set A (n = 571), set “At interior” (C) are BTUs adjoining BTUs of set B (n = 580), and set
“Interior” (0) are remaining BTUs (n = 7 357).
It is obvious that land use changes in border regions depend on the overall geopolitical
situation and on political relations with respective countries. Thus, the above-mentioned sub-sets A, B
and C (together n = 1 546) were further divided according to which country they adjoin – former West
Germany (n = 288), former East Germany (n = 316), Poland (n = 491), Slovakia (n = 168) and Austria
(n = 283). This paper tries to examine and explain land use changes between the years 1845–1948–
1990–2000 in all of these sub-sets of BTUs. We focused on three most important and interesting land
use categories – arable land, forested areas and built-up areas.
However, we have to bear in mind that the delimitation of these sub-sets strongly correlates
with other natural and socio-economic characteristics that influence land use changes. Worse natural
conditions, peripheral geographical position and lower socio-economic activity are typical of border
regions of Czechia. We depicted this fact by cross-correlations with two representative characteristics
of BTUs – one natural (official price of agricultural land) and one socio-economic (density of
population).

1. Introduction, objectives, underlying assumptions
Land use structure and its changes are influenced by a wide range of factors, the so-called
“driving forces” (Jeleþek 2002). According to Mather (2002) or Lambin and Geist (2007)
economy, technology, politics, institutions and culture work on a general level – as
“underlying” factors. They determine general functioning of landscape and nature-society
interaction in a broader system (e.g. country). On the other hand, each locality has its own
specific characteristics that work as “proximate” factors – they determine what impacts the
general underlying factors will have on land use in each respective locality. We have basically
two main clusters of proximate factors – natural conditions (altitude, slope, soil fertility,
climate etc.) and socio-economic characteristics (density of population, economic structure,
spatial exposure, etc.). Another, although maybe less important proximate factor, influencing
local land use changes, is proximity or position relative to political borders.
We assume that regions in the vicinity of state or other political borders (more simply,
“border regions”) should have specific functions, and hence also specific land uses. Several
reasons underpin this assumption:
Firstly, borders (not only in Europe) were established generally in worse natural
conditions (mountains, swamps, etc.). Consequently, with the core of national population and
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economy being far away in the country’s interior, border regions became remote, peripheral
and underdeveloped. These facts can, however, become a source of false correlation when
examining land use changes in border regions. Their specifics can be given simply by natural
and socio-economic disadvantages, not by the vicinity of a border itself. Thus, these effects of
borders on land use can be understood as “indirect”.
Secondly, borders serve as a “political divide” and can therefore influence surrounding
landscape directly. For example, the Iron Curtain, established by the totalitarian regimes
during the era of “socialism” / “communism” (ca 1948–1990) between the East and the West
of Europe, determined land use changes in the Czech areas lying along the borders with
Austria and former West Germany. The Iron Curtain was not only an abstract line named so
by Sir W. Churchill but also a very concrete barrier with fences, walls, guard posts and
“reserved” areas. Large areas along it had to be abandoned, depopulated, afforested and they
served as military zones where the Czechoslovak army “faced” the phantom enemy from the
“evil capitalist West”. A special zone was the area between the Iron Curtain and the border
itself which was totally inaccessible and out of any economic use (e.g. Biþík and ŠtČpánek
1994). Here, the afforestation was mostly spontaneous.
But the Iron Curtain is only an extreme example. Similarly, land use changes in border
regions where any other country borders “enemies” or at least “not-friendly states”.
And, finally and more generally, land use changes in broader border regions are
always influenced by the geopolitical and geo-economic orientation of a country. For
instance, the establishment of the independent, anti-Nazi and to a large extent anti-German
Czechoslovakia after the fall of Austrian-Hungarian Empire (1918) meant a general neglect
and underdevelopment of areas adjoining Germany and Austria during the so-called “First
Republic” (1918–1938), that should have had an effect on land use. Similarly, a shift of
political and economic orientation after the “Velvet Revolution” (1989) from the East to the
West, following break-up of Czechoslovakia (1992); and a new state border established
between Czech and Slovak Republics meant that the whole eastern Moravia, previously a
geographical “centre” of the country, became a periphery, with large impacts on its economy
and presumably also on land use changes.
All these factors should result in a specific land use structure and changes in border
regions. They should be used less intensively, i.e. they should be subject to a weaker
anthropogenic impact – less arable land and fewer areas connected with urbanisation (built-up
areas, gardens etc.) and more forested areas, permanent grasslands and abandoned or unused
land. Furthermore, they should exhibit a stronger extensification, especially in time periods of
radical political influences, i.e. when the borders were closed by the Iron Curtain (see e.g.
ŠtČpánek 2002).
In our paper, we will try to examine land use changes in the border regions of Czechia
during the last 160 years (1845–2000) – the era of large-scale modernisation of economy and
society, and turbulent and often violent political changes. Our approach is statistical, but we
will try to explain our findings by the driving forces.
2. Data sources and methods
Our research benefits from the database of land use changes in Czechia (LUCC UK Prague)
derived from cadastral statistics – see e.g. Biþík et al. (2001) or Biþík and Jeleþek (2003) for
more details. In this database, the whole area of Czechia was divided into 8 903 Basic
territorial units (BTUs), each consisting of one or more cadastres. Land use structure of each
BTU is recorded in four time horizons, representing the main historical milestones of Czech
modern history – 1845 (first direct impacts of complex modernisation on land use structure),
1948 (communist revolution), 1990 (the “Velvet Revolution”) and 2000 (after ten years of
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transformation). Eight basic land use categories are distinguished in this database – arable
land, permanent cultures (gardens, vineyards, orchards and hop-gardens), meadows, pastures,
forested areas, water areas, built-up areas and remaining areas (non-productive land, bare
land, infrastructure, mines etc.). These basic categories can be aggregated into three general
categories – agricultural land (first four basic categories), forested areas, and other areas (last
three basic categories).
For the purpose of our paper, we have defined several sub-sets of BTUs in relation to
their proximity to state borders (see fig. 1). The selection was done automatically in ArcView
and then manually adjusted.
Firstly, we have defined three “lines” or “belts” of BTUs along the borders. Sub-set
“At the border” (A) consists of BTUs adjoining (touching) the border (n = 395). Sub-set
“Intermediate” (B) consists of BTUs adjoining the BTUs of sub-set A (n = 571). Sub-set “At
interior” (C) consists of BTUs adjoining the BTUs of sub-set B, except the BTUs of sub-set A
(n = 580). And finally, remaining BTUs create sub-set “Interior” (O, n = 7 357). This
selection served to show how land use does change from the borders to the interior – in other
words, what is the general impact of borders on land use structure and its changes.
Fig. 1 – Delimitation of sub-sets of BTUs

Sources: own calculations; see text for explanation

Secondly, we wanted to show how land use structure and changes differ in border
regions adjoining different countries – it means, how land use is influenced by concrete
political and economic settings. Thus, the three above-mentioned sub-sets A, B and C
(together n = 1 546) were further divided according to which country they adjoin. Five subsets were defined in this way – former West Germany (n = 288), former East Germany (n =
316), Poland (n = 491), Slovakia (n = 168) and Austria (n = 283). However, we have to bear
in mind that neighbours of Czechia, and also relationships with them, have changed many
times during the last hundred years of turbulent Central European history – division of
Austrian-Hungarian Empire (1918), changing borders between Germany and Poland after
1945, division (1945 / 1949) and re-union (1990) of Germany, independence of Slovakia
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(1992), etc. Thus, this second division of BTUs is only general and should serve for
illustration of political influences in different regions and time periods.
Land use structure was calculated in each sub-set for each time horizon and the results
were depicted in figures (figs. 4–9). Because of lack of space here, we have concentrated only
on three most important and interesting land use categories – arable land, forested areas and
built-up areas. Arable land and forested areas cover together about 2/3 of Czechia and one or
the other constitutes the landscape “matrix” in almost every BTU. Relationship between
arable land and forests shows us the intensity of use of land for agriculture, the general
transformation / alteration of landscape by society, and the ecological stability of each
respective region. The share of built-up areas, on the other hand, tells us about the rate of
urbanisation, socio-economic development and direct anthropogenic transformation of
landscape.
2.1 Basic natural and socio-economic characteristics of border regions
As was mentioned above (section 1), border regions of Czechia have specific natural and
socio-economic conditions. We used two characteristics to indicate this. The first one is
official price of agricultural land from the year 1992. It expresses theoretical financial income
from farming on a given land-plot, in Czech crowns per square meter (CZK/m2). It is based
on estimated natural productivity of land, enriched by several monetary indicators. Official
price can be used as a complex characteristic of land’s suitability for agricultural activities
from the viewpoint of natural conditions; or, simply as an aggregate indicator of natural
conditions themselves (see Kabrda 2004 or Biþík and Kupková 2002).
The second characteristic is density of population (inhabitants/km2), based on the last
Czechoslovak census of population (1991). Although it is obvious that population density
changed significantly during the monitored period – in border regions especially after the
expulsion of Czech Germans after the WWII – it can serve as an indicator of general
anthropogenic pressure on landscape and of rate of socio-economic activity in a given BTU.
Both these characteristics according to the distance from borders and to adjoining country are
depicted in figs. 2 and 3.
Fig. 2 – Average official price of agricultural land (1992, CZK/m2) in the border regions of
Czechia according to the distance from border (upper chart) and adjoining country (lower)
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It is obvious from figs. 2 and 3 that worse natural conditions are typical of border
regions, and consequently lower anthropogenic pressure – both official price of agricultural
land and population density generally decrease from the interior to borders. However, there
exist significant differences according to adjoining country. The worst natural conditions can
be found along the borders with Germany and Poland, because of large mountain ranges with
peaks between 1 000 and 1 600 metres a.s.l. (Šumava, Krušné hory, Krkonoše, Jeseníky, etc.)
On the other hand, lowlands and highlands can be found along the border with Austria,
especially in its eastern part, where some of the most fertile soils of Czechia are intensively
used for crop farming, orchards and vineyards (see section 3.2).
Differences in population density are higher (see fig. 3) and do not fit the natural
conditions fully. This observation supports the findings of Hampl (2000), stating that
generally lower natural differences serve as a starting point for development and growth of
generally higher differences socio-economic. The trends of marginalization, depopulation and
extensification which influenced almost every mountain region in Europe after the WWII (see
e.g. Sporrong et al. 1996 for Sweden), being a result of economic pressures, worked also in
Czechia, although under totally different political and societal conditions.
Here, the driving forces were not only the processes of concentration, competition and
selection but also political influences. In fig. 3 we can see that population density is lowest
along the borders with former West Germany and Austria, where the Iron Curtain existed
between the years 1948 and 1990, leading to large-scale depopulation and land abandonment.
Also the re-population of areas lying empty after the expulsion of Czech Germans was
ineffective and even politically undesirable here. Depopulation was not so strong along the
borders with “friendly” East Germany and Slovakia, although natural conditions are less
favoured here as well (see fig. 2). On the contrary, population density is extremely high along
the border with Poland because of large mining, industrial and urban centres of Upper
Silesia’s black-coal basin in the eastern part of this border (cities of Ostrava, Karviná, TČšín,
HavíĜov, Opava, etc.)
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Fig. 3 – Average density of population (1991, inhab/km2) in the border regions of Czechia
according to the distance from border (upper chart) and adjoining country (lower)
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3. Results and discussion
In the previous sections, we have discussed natural and socio-economic characteristics of
border regions as “proximate” factors of their land use changes, and driving forces as
“underlying” factors. Now, let’s turn our attention directly to land use structure and its
changes in border regions. As was mentioned before, we will concentrate on three most
important and interesting land use categories only – arable land, forested areas (sections 3.1
and 3.2) and built up areas (section 3.3).
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3.1 Changing share of arable land and forests according to distance from border
Figs. 4 and 5 show how the shares of arable land and forested areas change from borders to
the interior of the country. Several facts can be deduced from these figures:
Firstly, share of arable land decreases from the interior to the borders, whereas share
of forests increases in the same direction. The differences seem to be really significant
(twofold in case of arable land, see fig. 4) and gradual, going step-by-step. Here we have
documented the generally lower intensity of use of landscape in border regions. They are
specialised in more extensive forms of land use: forestry, country tourism, pastoral farming,
nature protection, etc. This specialization is a result of worse natural conditions, lower socioeconomic activity, but higher recreational attractiveness of these regions. Natural parks
(Šumava, Podyjí, ýeské Švýcarsko) and other types of protected areas were established in
these regions.
Secondly, share of arable land decreased and share of forested areas increased during
the monitored period in the whole country – both in interior and in border regions. This fact,
which was discussed many times before (see e.g. Biþík et al. 2001) is a result of changing
“socio-economic metabolism”, particularly of modernization and industrialization of
agriculture during the period 1845–1990. Growing yields, intensity and productivity of
agriculture and increasing transport of primary products and goods are the main reasons for it.
See e.g. Krausmann et al. (2003) for quantification and explanation of these general trends
common for all developed countries.
Fig. 4 – Changing share of arable land (%) in Czechia according to the distance from border
60,00

arable land as % of total area

50,00

40,00
Sub-sets of BTUs
Interior
At interior
Intermediate
At the border

30,00

20,00

10,00

0,00
1845

1948

1990

2 000

Source: LUCC UK Prague

Thirdly, and most importantly, it is obvious that these land-use trends were more
significant in border regions than in the interior. It means that the decrease of arable land and
the growth of forests were stronger in border regions. During the years 1845–1948 this was a
result simply of growing spatial and functional differentiation and concentration based on
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natural conditions and geographical position – in other words, it was the effect of growing
importance of the so-called “differential rent I” (see Jeleþek 2002 for explanation).
Then, during the totalitarian period (1948–1990), these above-mentioned driving
forces, common for all industrialised nations, were weakened, but accompanied or even
replaced to some extent, by specific political factors. As was commented in previous sections,
it was especially the expulsion of the Czech Germans and the existence of the Iron Curtain
that caused a large-scale extensification and afforestation of border regions of Czechia during
these times.
Fig. 5 – Changing share of forested areas (%) in Czechia according to distance from border
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The most important land-use change during the era of post-totalitarian transformation
(1990–2000) was a growth of area of permanent grasslands to the detriment of arable land
(see e.g. Biþík et al. 2001). In fig. 4, we can see that this trend was stronger in border regions
than elsewhere – share of arable land dropped to only 22 % in the belt of BTUs along the
border (sub-set A). This change was caused not only by a restoration of functioning of
“natural” economic forces (competition, differentiation) after the Velvet Revolution, but also
by state policies aimed at extensification (grassing-over, afforestation) in border regions.
These changes can be considered positive from the viewpoint of ecology – it will hinder water
erosion on agricultural land on steep slopes, and support both nature conservation and
ecological forms of tourism in these mountainous and other less-favoured regions.
3.2 Changing share of arable land and forests according to adjoining country
However, as was shown in section 2.1, the border regions are not one “homogenous mountain
region” – they differ both in natural and socio-economic conditions. Therefore, figs. 6 and 7
depict changing share of arable land and forested areas in sub-sets of BTUs adjoining
different countries. These figures underpin our previous assumptions about specifics and
consequent specialization of each of these regions:
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The lowest intensity of use of land for agriculture is reached along the borders with
both East and West Germany. The share of arable land is lowest (11 and 15 % in 2000) and
the share of forested areas highest (55 %). Moreover, these regions saw very sharp decline of
share of arable land, especially the BTUs adjoining East Germany: from 28 % in 1845 to 11
% in 2000. Reasons for these facts can be found in bad natural conditions (mountains and
highlands – see fig. 2), depopulation after WWII (expulsion of Czech Germans) and existing
Iron Curtain along the border with West Germany during the totalitarian period. Another loss
of arable land along the border with East Germany came with industrialization and large-scale
open-pit mining in the North-Bohemian brown-coal basins after WWII.
Fig. 6 – Changing share of arable land (%) in Czechia according to adjoining country
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Areas along the border with Poland and Slovakia exhibit somehow higher intensity of
land use – higher share of arable land and lower share of forested areas. However, the
intensity is still deeply below Czech average. Borders with Poland saw a sharp decline of
arable land during the totalitarian period: from 45 % in 1948 to 27 % in 1990. This was a
result of less favoured natural conditions and expulsion of Germans in the mountainous
western part of this border, and of large-scale mining, industrial and urban development in the
eastern (Upper-Silesian) part of this sub-set of BTUs.
Very interesting is a significant growth of forested areas along the border with
Slovakia (see fig. 7) between the years 1845 (31 %) and 1990 (45 %). Here, it was the result
of a decline of traditional pastoral farming in Carpathian Mountains (Beskydy, Bílé Karpaty).
As agriculture was becoming more centralised, intensive and even “industrialised”, cattle
were moved from outdoors to stables and more silage and grain than hay was needed. Old
meadows and pastures with trees and shrubs, rich in flowers, ecologically very important with
a high biological diversity, were being abandoned and overgrown by forests. Another driving
force here was a late, labour-intensive industrialization along both sides of the MoravianSlovakian border after WWII (electronics, chemical, machinery and shoemaking industry on
the Czech side; heavy machinery and clothing industry on the Slovakian side).
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The highest intensity of use of land for agriculture (although still below-average in
Czech conditions) can be found in BTUs along the border with Austria. Although the share of
arable land has decreased and forests increased as elsewhere, arable land still covers 37 % of
the area, and forests “only” 35 %. Two different regions can be distinguished along the border
with Austria. In its western part, landscape is hilly and mountainous and was affected by
depopulation of Germans after the WWII. Extensification, grassing-over and afforestation
were typical in this area.
However, the eastern half of this border territory consists of large and fertile lowlands
along the rivers Morava, Dyje and Svratka, and of only gently undulating hills. Here, the
repopulation after expulsion of Germans was more successful and the landscape is still largely
ploughed, used for growing cereals (maize, wheat, malting barley), sugar-beet, and also for
orchards and vineyards. Hence, it is a specific Czech border region – low, fertile, agricultural,
and also wide open to large lowlands of south-western Slovakia and Lower Austria, and to the
metropolitan regions of cities of Brno, Bratislava and Vienna.
Fig. 7 – Changing share of forested areas (%) in Czechia according to adjoining country
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3.3 Changing share of built-up areas in border regions
Share of built-up areas tells us something about urbanization and general socio-economic
development of border regions. Changing share of built-up areas according to the distance
from borders is depicted in fig. 8 and according to adjacent country in fig. 9. Several general
facts can be deduced from these figures:
Firstly, the share of built-up areas has grown significantly during the whole monitored
period in all sub-sets of BTUs. It is a general result of modernization, urbanization and
demographic revolution in Czechia.
Secondly, the differences between sub-sets have grown rapidly. Share of built-up areas
was almost independent of both distance from borders and adjoining country in 1845, but the
differences became significant in 2000. In other words, it was a process of increase of
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heterogeneity of a once homogenous system. This data supports the findings of Hampl (2000)
about growing spatial specialization and consequent differentiation of regions during the era
of industrialization. Moreover, it is obvious that the differences between sub-sets according to
the share of built-up areas have been growing faster than according to the share of arable land
or forested areas (compare figs. 8 and 9 with figs. 4 to 7). Hence, the share of built-up areas
can be considered a more “progressive” characteristic (Hampl 2000).
Thirdly, and most importantly, there is nowadays a clear correlation between density
of population and share of built-up areas (compare figs. 8 and 9 with fig. 3). The dependence
of share of built-up areas on the distance from borders is not so clear, although it is obvious it
really drops from border to interior (see fig. 8). However, low significance of this influence
can easily be explained by important differences between border regions adjoining different
countries (see fig. 9). This fact is worth a deeper discussion.
Fig. 8 – Changing share of built-up areas (%) in Czechia according to distance from border
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As was mentioned above, the differences between sub-sets in 1845 were not so
significant. However, strikingly, the share of built-up areas was in a correlation with natural
conditions in those times (compare figs. 9 and 2). During the 155 years of development, this
correlation was lost and a new one emerged – with socio-economic conditions (density of
population). This observation also supports another finding of Hampl (2000) that was already
mentioned: the original, pre-industrial determination of socio-economic differences by natural
conditions was adjusted (or totally exchanged) by selective processes of competition and
concentration during the era of industrialization (urbanization, modernization).
The lowest share of built-up areas, and also its slowest growth, occurs along the
borders with former West Germany and Austria. The reasons are apparent – worse natural
conditions, expulsion of Germans, poor resettlement, the Iron Curtain, etc. Moreover, these
regions are traditionally rural, typical of a “pre-industrial”, dense network of villages and
small towns. Therefore, even those BTUs in the eastern part of the border with Austria, which
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are still very agricultural and intensively ploughed (see the end of chapter 3.2), have only a
low degree of urbanization.
Along the borders with Slovakia, the share of built-up areas was always average, and
grew significantly only during the period 1948–1990. That change occurred as a result of
urbanisation and “socialist” industrialization in this traditional and previously underdeveloped
mountainous and agricultural (pastoral) region (see section 3.2).
Very intensive development occurred along the borders with former East Germany and
Poland. Right here, the influence of socio-economic conditions totally prevailed over the
influence of the natural ones, and fully determined the unprecedented increase of built-up
areas. Share of built-up areas is even above the Czech average in the BTUs along the Polish
border. Both these regions were affected by a large-scale industrial development in the two
main Czech coal-basins: the North-Bohemian basins (Most, Sokolov, Cheb) along the borders
with former East Germany (Saxony), where brown coal is mined in open-pit mines, and the
Silesian (Ostrava-Karviná) basin at the borders with Poland (Polish Silesia), where black coal
is mined in deep mines.
Fig. 9 – Changing share of built-up areas (%) in Czechia according to adjoining country
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In both regions, mining began during the 19th century but saw its fastest growth
during the era of extensive totalitarian “development” (1948–1990). Mining was followed by
a massive urbanization and industrialization (steel, heavy machinery and chemical industry,
coal/steam power plants) and development of traffic lines. Such development resulted not
only in heavy losses of fertile agricultural land (see chapter 3.2), but especially in a largescale devastation of environment on a regional and even national level (soil, air and water
pollution). Especially in the case of the North-Bohemian basin with its brown coal of low
quality, people suffered from air pollution and forests from acid rains. By the end of 1980s,
virtually all forests were heavily damaged by the acidity of air and consequently of water and
soil, in the northern part of Czechia (Krušné hory, Krkonoše), in former East Germany and in
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Poland. These forests only slowly recover after the political and consequently technological
changes in 1990s when a more environment-friendly approach is followed.
Moreover, dozens of settlements and hundreds of square kilometres of agricultural
land had to be destroyed and reverted into open-pit mines in the North-Bohemian basins. The
reclamation of mines and restoration of landscape since 1990s is very expensive and not
always satisfactory. The future of this landscape is connected with the existence of “spatial
limits for mining” imposed on the North-Bohemian coal basins by the central government at
the beginning of 1990s. Economists and lobbyists of mining and energy companies argue
these limits more and more nowadays, but their preservation will be decided also by Czech,
European, and even global environmental and energy challenges and policies.
However, we have to bear in mind that the share of built-up areas does not exceed 2 %
in any sub-set, and thus the importance of all these land-use trends should not be
overestimated on a national level.
4. Conclusions
In this paper, we have statistically assessed land use changes in border region of Czechia
during last 160 years of modernization of society and economy, and political and institutional
changes. LUCC UK Czechia database was used for this work. This database includes shares
of eight basic land use categories for each of 8 903 Basic Territorial Units (BTUs) of Czechia
in four key time horizons – 1845, 1948, 1990 and 2000. We have defined several sub-sets of
BTUs according to the distance from the state borders and the country they adjoin, and
compared land use changes in them with the rest (interior) of the country. We focused on
three most important and interesting land use categories – arable land, forested areas and
built-up areas. We tried not only to describe but also to explain the calculated figures. Several
general conclusions may be drawn from our results:
Border regions of Czechia show a distinctively different structure and different
changes of land use when compared to the interior of the country. They are used less
intensively, with more forests but less arable land and built-up areas. Changes in border
regions are slightly faster; it means that extensification (increase of forests to the detriment of
arable land), common for the whole area of Czechia, is faster than elsewhere. Regionally,
areas adjoining the borders with both East and West Germany exhibit the lowest intensity of
land use (less arable land, more forested areas). On the contrary, the highest intensity
(although still below the national average) is reached along the border with Austria.
However, the above-mentioned facts are not caused solely by political factors in the
sense of geometrical proximity of a BTU to a border as a “political divide”. Actually, a
complex cluster of factors, both “proximate” and “underlying”, influences land use changes.
In our case, other “proximate” factors seem to have higher importance for specific land use
changes in border regions. These are, especially, less favoured natural conditions (e.g.
altitude, slope, climate, soil fertility) and local, socio-economic changes (e.g. spatial
marginality, areas of expulsion of Germans, large-scale mining). In the case of “underlying”
factors, the economic ones seem to have the most profound significance – put simply,
agriculture becomes less and less viable in worse natural conditions.
Direct political influence was stronger along the borders with Germany and Austria,
especially with former West Germany during the era of “socialism” when the Iron Curtain
existed. But borders divided landscapes and countries not only during the totalitarian period
(1948–1990), but before it as well, although not so strongly. It was, for instance, during the
inter-war period (1918–1938), when the economy of the so-called “First Czechoslovak
Republic” had to operate in Europe with strictly protected national markets, surrounded by
enemy, or at least non-friendly, nations.
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Nowadays, in the times of enlarged European Union, the importance of borders
decreases (the Czech Republic is joining the Schengen Treaty in 2008), or becomes even
inverse. Borders serve for meetings, exchanges and cooperation. Besides that, tourism
together with a multifunctional, non-productive agriculture becomes more and more important
in these regions. Also agricultural policies of both the EU and Czechia are currently focused
on creating a multifunctional rural space. New functions, stronger than conventional food
production, tend to appear in the specific border landscapes. These include groundwater
protection, nature conservation, sport zones, rural tourism, organic farming, agro-tourism, etc.
This latest change in land use is visible especially along the borders with Austria and former
West Germany that were previously (1948–1990) closed by the Iron Curtain.
This work was supported by the project of the Grant Agency of the Czech Republic no. GAýR
205/05/0475: Driving forces of land use differentiation in Czechia and in neighbouring
countries; prospects of development after joining the EU.
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Abstract
Application of GIS approaches for analysis and land-use management of the Amur river basin is the
subject of this paper. An increased interest in ecological problems in Amur River basin recently,
requires a study of disparate, uncoordinated regional data, which are hard to unite correctly. Full
planning and implementation of balanced economic and land-use policies should be carried out, taking
into consideration similar activities on contiguous frontier territories of neighboring countries. Main
information blocks and many common and thematic digital maps and layers were formed. This paper
will propose and discuss the conception of unified Geo-information Space (GeoInS) for Land use
management planning. The Geo-information space of Amur River basin, created on a unified
methodological basis, with the use of uniform principles, generalized available and new data for the
river basin, and freely accessible, will serve as a safe and correct information basis both in regional
planning and nature management, and in further scientific researches.

1. Introduction
An increased interest in ecological problems in the Amur River basin recently, requires a
study of disparate, uncoordinated regional data, which are hard to unite correctly. Amur River
basin is a large complete geosystem, parts of which are located in four countries, namely:
Russia, China, Mongolia and DPRK. In this respect, the Amur River Basin is the largest
trans-boundary geosystem of sub-regional level (Ganzey, 2004) in Asia. The area of the
region makes about 2 mln. square km, with population of over 40 million people. There are a
great variety of natural resources.
For our researches we consider that, the river watershed, particularly of regional
dimension, can be representing as the integral complex geosystem (Reteyum, 1978; Korytny,
1991 and others). Watersheds are related with the processes of the biosphere’s purification.
The exchange of matter, energy, and information takes place through watersheds. These
geosystems are also comfortable to analyze technogenic flows and anthropogenic impact on
cycle of matter. There is a vast body experience of watershed and landscape management
including GIS using as well (Schaller, 1994; Bedford, 2004; Landscape planning…, 2005;
Blaschke, 2006).
Full planning and implementation of balanced economic and land-use policies should be
carried out, taking into consideration similar activities on contiguous frontier territories of
neighboring countries. Taking under consideration an interdependence of the processes of
nature management on frontier territories of the adjacent countries and within the integral
geosystem, we believe that analysis and planning for sustainable development should be
implementing in a uniform information space. So, the planning of the sustainable land/nature
management can be realized, taking into account the large volume of diverse information
about the territory of the particular project. The spatially distributed information, translated
into cartographic language, has for a long time formed the basis of planning of actions for
regional development. Maps, sets of maps and atlases were always essential for such activity
(Ormeling, 1995).
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A necessity to work out the specific GIS-support and mapping for sustainable land use
and landscape planning, as a sort of complex ecologic-geographical mapping and analysis,
has also been discussed time and again (Chen Shupeng, 2004; Madden, 2007). We consider
this a question of the creation of the geoinformation-analytic base for solving the problems for
permanent territories management and sustainable development.
2. Methods and methodology
The proper realization of these principles is only possible on the basis of applying the GIStechnologies. As we are dealing with the study of geographic space, it is more logical to tell
not only about the information conditions or information support but also about the
geoinformation space (GeoInS). On the other hand, in addition to the technical and
technological aspects, the methodological one should be taken into account. It is based on the
geographical approach. Then the geoinformation and geoinformation-cartographic support of
regional land use management and sustainable development, should be also considered as not
only auxiliary but also quite independent aspects, aimed at forming the common
geoinformation space of particular territory. Just such an approach allows us to realize a
principle of information adequacy of the geographical and geoinformational spaces, which is
shown at Fig. 1. We consider that the concept “Geographical Informational Layer” reflects the
property of the geographical space more exactly. For regional researches, we use this term as
conforming to “digital layer”, “digital coverage”, and “database layer of geographic
information system”.
Fig. 1 – Correlation between Geographical and Geoinformational Space

Geo-Informational Space is a multi-level, poly-layer, territorially and inter-componently
structured information model of Geographical Space (Ermoshin, 2006). When creating the
GeoInS of each particular nature-conservative and nature-management project, there is a
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certain specificity in both structural and information aspects. At the same time, it is possible
to define general methodical, structural and geoinformation concepts and rules.
To form the common, multilevel geoinformational space, a number of key problems should
be solved:
– election and comparison of the information cells at the same and different levels;
– identification of information cores – aggregate of layers common to different levels;
– revelation of invariants – elements of layers taken the part of the skeleton for each and all
levels;
– level of detail and comparability of the monotypic information layers for different levels;
– information density (richness) at separate levels and information continuity of the whole
space (Ermoshin, 2002).
With use of an algorithmic combination – spatial superposition and ratios of separate
geo-information layers, there exists a principal opportunity to form any composite
cartographical product with specific purposes and to solve a row of spatial geo-system
problems:
– geographical partitioning territory (zoning, dividing into districts) aimed at allocation
of homogeneous areas, complete geo-systems and their various types;
– allocation of areas, zones with the certain set characteristics of separate components;
– allocation of the territorially expressed anthropogenic factors impacting the
environment;
– estimation of correlation ties between spatial areas of natural components, population,
economies;
– estimation of geo-system’s stability, including its various types and ranks;
– predictive estimates of geosystem’s dynamics, including those under the influence of
anthropogenic factors
– working out regional programs of sustainable nature management and sustainable
development
– organization of environmental monitoring (Baklanov and others, 2005).
Table 1 – GeoInS forming and mapping for nature management
MAPPING TYPE

TYPE OF TERRITORY DIVISION

TYPE
OF
GEOINFORMATION

STAGE OF FORMATION OF
GeoInS

Inventory

Division into districts (typological and
individual) – division of common
geographical space according to its
numerous properties on the basis of
specified classifications including
hierarchical ones.
Division into districts according to new
characteristics without division and
integration of inventory cells.
Zoning is integration of inventory cells
according to some general properties or
characteristics.

General

Production of the system
of
inventory
cells.
Formation of information
thematic cores of the
polystratified GeoInS.

Special

Determination of relations
in
the
structure
of
inventory cells.
Increase in the density and
saturation of the GeoInS –
forming of additional
individual layers.
Production
of
the
administrative information
block of the GeoInS

Evaluative

Predictiverecommendation

Functional zoning – integration of
inventory and evaluative cells on the
principle of possible management and
use.
Sources: own calculations; see text for explanation

Evaluative
management

and

This implies a quite simple but important conclusion: realization of information
conditions in forming the GeoInS, on the basis of the results of the territory division into
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districts and zoning, is generally cartographic and geographical rather than problem-specific.
To explain this statement, it is appropriate to draw a parallel between the order of the GeoInS
forming, its basic blocks and basic types of mapping. These are: a) inventory (universal), b)
evaluative and c) prediction-recommendation (see Table 1.) The interrelations between the
columns of Table 1 will consist in the fact that the basic thematic and, partially, individual
layers will conform to the inventory mapping type; individual (specific) ones to the evaluative
type, while administrative concerns belong to the prediction-recommendation type of map.
3. Results and discussion.
When realizing each particular project for planning and solving problems of nature
management on the territory of any level, all the stages—from inventory to
recommendation—should be executed (Table 1). As the projects are realized and information
is accumulated, the density of the space (number of layers) and the saturation (number of the
layer’s characteristics) increase. Accordingly, the first stages, including a forming of the
information core of the subsequent projects, shorten. This process is especially distinctly
reflected at the regional and subregional levels, where the whole territory is involved in the
next project practically every time. At the lower hierarchical levels in the GeoInS, territorial
gaps and information holes are inevitable.
Actually, the sequence of activities on creation of information support for the AmurProject management is realized in four phases. At the first phase, the structural layer-by-layer
model of GeoInS including the following blocks: general geographic, general thematic,
specific thematic, evaluative, and management ones have been developed (Fig. 2). The
technological outline of coordination of information cartographical blocks with each other has
been defined (Fig. 3).
Fig. 2 – Structure of GIS-support for The Amur River Basin Project

Sources: own calculations; see text for explanation

At the second phase, the information layers of the natural and social-economic blocks
were formed and mutually coordinated as uniform layers for the whole basin. Thus, the
general geographic layers like DEM, using SRTM data of 15 arcsecond in resolution, hydronetwork, roads, borders, and settlements, have been compiled. The general thematic layers of
geological patterns, vegetation and soils have also been compiled. At that, special attention
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was paid to formation of unified classifications and legends. The specific thematic layer of
modern land-use in Amur River basin, on the basis of decoded satellite images of LANDSAT
– ETM taken in 2000–2001, has been compiled. All digital layers were created on ArcInfo /
ArcView and ArcGIS platforms with details, corresponding to the scales of 1:2.5 mln.
All layers having the common boundaries conform sequentially with each other, much
as it occurs in case of complex and atlas mapping and form the through logical spatial series.
Essentially, each series has at least one intersection with the other ones. Thus, most layers
have, expressly or by implication, common invariants. As examples of the most evident,
successive notional relations of electronic layers in the form of series, the following can serve:
hydrologic network – relief – road network – settlements – land owners; hydrologic network –
boundaries – protected territories – recreation resources; hydrologic network – vegetation –
landscapes – functional zones.
Fig. 3 – Sequence of the coordination of digital layers for Amur basin GeoInS

Sources: own calculations; see text for explanation

Digital layer “Geological structure” (map 1). The coverage reflects a distribution of
geological bodies in details corresponding to the scale 1:2,500,000. Every geological body is
aged at the level of system, and partly at the level of section. The rocks are divided by their
composition into intrusive, volcanogenic, sedimentary ones and others (mainly not
partitioned, of complex composition). Intrusive and volcanogenic rocks are presented in more
details. Thus, granites are divided into granitoids, diorites, gabbroids, ultrabasites, alkaline
and partially more detailed. For exmple: granitoids include: granites, granodiorites,
monzogranites, granosyenites. Volcanogenic rocks by composition are divided into sour,
middle, basic, alkaline and mixed. Tectonic fractures are divided into mantle, lithospheric or
crusty. The last, in turn, are divided into those covered and not covered by sedimentary strata.
Digital layer “Vegetation of Amur River Basin” (Author-compiler Kudryavtseva E.P.)
(map 2). More than five printed maps of vegetation and atlases were used for compiling this
layer. The legends (descriptions) to these maps had been made on the basis of different
approaches. Fulfillment of the set task required a uniform legend which would reflect the
basic geographical rules of vegetation distribution within the Amur River basin. Besides that,
it was necessary to generalize a map for the Chinese part of the basin. The legend developed
under leadership of Sochava V.B. (1968) has been taken as its basis. A group of associations
as the main mapped unit of this legend has been enlarged to the level of a formation to unify
the data.
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Map 1 – A fragment of geological map of the Amur River Basin. Actually scale 1:2,5mln.
Sources: Yermoshin et al. (2007); own calculations; see text for explanation
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Besides that, a division into vegetation of plains (zonal division) and mountain
territories (height and zonal distribution of vegetation) has been made in the course of
generalization for the Chinese part of the basin. The steppe vegetation has been further
divided into two types, according to the attributes of the vegetation, namely: meadow steppes
and sod-cereal steppes. It is quite admissible since steppes remained in separate small islands
among tracts of mastered lands on the plains, and sod-cereal steppes are located mainly on
heights over 500 meters above sea level. The ecological and dynamic rows have been
allocated for river valleys, in which vegetative cover differs in great diversity. It seems that
this way of displaying vegetation of river valleys increases the degree of clarity of the map.
The agricultural lands on the whole territory are shown by one sign. In the territory of
Mongolia entering into the Amur River basin, agriculture is not developed at all, and pastures
occupy a very small area. This way of displaying agricultural lands seems to allow someone
to see a degree of territories mastering.
The compiled map of vegetation shows a variety of modern vegetative communities and
rules of their distribution. Their distribution reflects zonal (in plains) and height-zonal (in
mountains) changes of vegetative cover on this great territory, which is complex in its
combination of natural conditions. Totally, the legend includes more than 120 types of
vegetation, describing the basic formations of forests, meadows, steppes, bogs, shrub thickets
and agricultural lands on plains and mountains of the Amur River basin.
Digital layer “Soils of Amur River Basin” (Author-compiler, Pshenichnikova N.M.).
The digital layer “Soil” of the Amur River basin is based on some printed soil maps of basin
parts. All those maps were compiled over the years by different soil science schools at
different scales. In results, the classification and legend include 9 main classes of soils. There
are: soils of tundra, soils of taiga and coniferous and broad-leaved forests, soils of broadleaved forests and wooded steppe, soils of steppe, soils of dry steppe, hydromorphic soils,
saline soils, alluvial soils, anthropogenic soils and soils of mountainous regions. Classes were
divided at more than 150 types. Thus, the legend of the electronic layer “Soil” of the Amur
River basin includes the soil names of the soil nomenclature of Russia and the corresponding
soil names accepted in soil nomenclatures of Mongolia and China. Beside this, the soil
nomenclature of this legend is correlated to the soil nomenclature of FAO-UNESCO and
WRB.
Digital coverage “Modern land-use in Amur River basin” (on the base of remote
sensing data) (Authors – Ermoshin V.V., Ganzey S.S., Mishina N.V.) (map 3). Mainly
composite montages of Landsat TM with average resolution of 30 m and over were used
directly in the work. The resolution 30 m is excessively detailed for receiving a final result in
scale 1:2,500,000, therefore the resolution of 50–100 m was applied for various territories.
The separate images Landsat TM with resolution 15–30 m were used to specify some most
disputable territories. Decoding was made in ArcView 3.3 by means of special extension
Image Analysis with forming shape files subsequently converted into the Arc/Info coverages.
In addition to direct interactive expert decoding of satellite images some printed maps
of the basin were converted into the electronic raster form and then used. As a result of
processing accessible primary sources, principally materials of remote sensing, the following
categories of modern land-use have been revealed within the territory of the whole of Amur
River watershed: forest lands, meadows and bushes, agricultural lands, water bodies, and
other lands. These categories, in turn, are divided into types of modern land-use as object
(information cell) of mapping. Since the scale of mapping is small enough, and the level of
generalization is high, the “types” concept includes various kinds of land-use and of natural
state of lands. At that, a genesis of each type of land is not considered; they can be formed
through very different ways.
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Map 2 – A fragment of vegetation map of the Amur River Basin. Actual scale 1:2,5mln.
Sources: Yermoshin et al. (2007); own calculations; see text for explanation
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Map 3 – A fragment of land use map of the Amur River Basin. Actually scale 1:2,5mln.
Sources: Yermoshin et al. (2007); own calculations; see text for explanation
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The “coniferous forests” type includes fir, abies, Korean pine, pine, larch forests and
their versions. The “mixed forest” type includes all transitive versions from coniferous to
deciduous forests at their approximately equal ratio. The “deciduous forests” type includes
broadleaved and small-leaved forests and their versions. The “sparse forests” type includes
rare forests of various composition, alternation of woods with bushes with density of stands
less than 30 %. At that, as already mentioned above, the genesis of this type of lands is not
considered; they can be formed after fires, loggings, etc. The “other forests” type includes
forest plantations, including industrial ones.
The category “meadows and bushes” embraces these types – meadows, bushes, bygolets bushes with high-mountainous tundras. The 'bushes' type includes bush, meadow and
bush lands, and partly, bush and sparse forested lands at prevalence of bush vegetation. The
“meadows” type is rather variable, and at the given stage of studies it includes any grassy
vegetation – actually meadows, steppes, etc. The “golets bushes with high-mountainous
tundras” type includes mountainous pine, dwarf forms of high-mountainous bushes, tundras,
goletses.
The “agricultural lands” category embraces these types – reclaimed and not reclaimed
agricultural lands. The “reclaimed lands” type includes mainly paddy fields, and the type “not
reclaimed lands” – arable lands, fallow lands, haymaking sites, pastures. The “water bodies”
category embraces lakes, water reservoirs, swamps. The “wetland” type includes swamps,
high bogs and water-logged flooded meadows and marches. Fire-sites and loggings at places
of former forests, residential areas (large settlements), industrial and unused lands (quarries,
slag-heaps, etc.) enter to the category “other lands”.
The third phase implies a compilation of landscape complexes map, analysis of
landscape patterns, and revealing of regularities in land-use system organization, its structural
features in different parts of the basin (including natural protected territories), and assessment
of geo-ecological status on the basis of already created electronic layers.
The fourth phase implies planning a nature management system for the whole Amur
River basin, including functional zoning with definition of priorities and restrictions for land
use activities on the basis of information layers created at previous phases. At present, the
project is being implemented in the middle of the third phase.
Problems of the transboundary geoinformation space forming. The characteristic and, at
the same time, specific feature of the projects uniting the transboundary territories is an
inconsistency between initial data for territories of different countries. It is necessary to take
into account that all these data on the Chinese, Russian and Mongolian sides of the Amur
Basin was and will be received from various sources, and then should be processed, corrected
and interrelated. Therefore, prior to the beginning of the works it is preliminarily necessary to
stipulate all possible technical parameters of collection of the information namely: scales,
projection, detail, classifications, language, etc., to avoid possible problems.
Accordingly, it is a set of problems in the geoinformation exchange and forming of the
common GeoInfoSpace:
1. Along the frontier, practically all of layers (general-geographical and thematic) could
not be joined to each other along the state boundaries.
2. The toponymic place-names are national and differ substantially in the neighboring
states (in English), therefore, using the common principle of the cartographic
representation and co-ordination of names is necessary.
3. The differences in the contents of conceptions of the objects of the same type, for
example, reserves, types of land use, etc.
4. Different estimates of anthropogenic factors, ecological norms and restrictions.
5. Different approaches to the classification of the complex objects (roads, settlements,
vegetation types, land use types). In the classifications, the different informal
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conceptions, principles, reasons can be used and the number of gradations can not
coincide, therefore, a determination of the common reason is needed (Ermoshin,
2004).
All of the listed problems are solved step by step: at first, conceptually and then
technologically and practically. As to the conceptual step, the general reasons of
classifications are determined and coordinated, for example, for the motor roads, they can be
determined only for the most generalized level: basic and secondary. From the technological
viewpoint, the sequence of superposition of general-geographic and thematic layers and
joining principles along the frontiers are determined on the basis of invariant geographical
structures and lines of the geographical space – watercourses, roads etc. Practical step: the
common layers are joined and formed, topology of objects is built and layers are joined with
each other, forming the horizontal and vertical structures of the information space.
4. Conclusion
The special information support for the nature-conservative projects, planning the sustainable
development of territory, should be realized by means of forming the Geoinformational Space
of territory as the subjective and objective informational reflection of the geographical space.
Formation of GeoInS of international transboundary territories is connected with
numerous subjective and objective problems: political, geoinformation, information exchange,
technical and technological. The problems of geoinformation type were solved in welldefined succession: firstly theoretically and methodologically, then technologically and
practically. Methodically means determination of common fundaments of classification,
technologically – determination of consecution of layers’ combination and principles of
linking the borders. Practically, the process implies a formation of integral layers and building
topology.
The general geographic layers like DEM, using SRTM data of 15 arcsecond in
resolution, hydro-network, roads, borders, and settlements with respective semantics have
been compiled. The general thematic layers of geological patterns, vegetation, soils with
respective semantics have been compiled also. The specific thematic layer of modern land-use
in Amur River basin on the basis of decoded satellite images of LANDSAT – ETM taken in
2000–2001 has been compiled. All digital layers were created on ArcInfo / ArcView and
ArcGIS platforms with details, corresponding to the scales of 1:2.5 mln. (regional level).
The geoinformation space of Amur River Basin as geosystems (ecosystems) of
regional dimension is created on a unified methodological basis with use of uniform
principles, generalized available and new data for the river basin. Spatial data are freely
accessible and can be used as a safe and correct information basis both in regional planning
and management, and in further scientific researches.
This work was supported by grant of RFBR-FEBRAS 06-05-96930_r_dbr
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Abstract
The subject of the CORINE Land Cover (CLC) Projects was the inventory of land cover in 26
European countries in the 1990s and in 2000 (+/– one year; 28 countries) based on interpretation of
satellite images. Results of these activities are CLC1990 and CLC2000 data layers that provide
opportunity for identification, analysis and assessment of land cover changes at the European level
and in individual states. It must be emphasized that these data are especially valuable, as they
represent the period that followed political transition in the countries of central and eastern Europe
(after 1989) characterized by changed property situation which gradually also manifested in land
cover changes. We present analysis and assessment of changes concerning pastures – their decrease
by 35,826.1 ha in districts of Slovakia in 1990–2000. Main causes of these changes include restitution
of farmland and changes of the governmental agrarian policy. The changes of pastures are considered
an important indicator, knowledge of which contributes to the understanding of trends existing in the
development of agricultural landscape after political changes that took place in central and eastern
Europe after 1989.

1. Introduction
Inventory of land cover (LC) in 26 European countries in the 1990s and in 2000 (+/- one year;
28 countries) based on interpretation of satellite images (Büttner et al. 2004 and Feranec et al.
2007) which make it possible to identify, analyse and assess LC changes at the European level
and individual countries was the aim of CORINE Land Cover (CLC) projects. It should be
noted that these data are especially valuable as they document the period following the
political changes in central and eastern Europe after 1989 characterised by the change of
property situation, which gradually projected in LC changes.
Pastures constitute an important element of agriculture landscape, which contributes to
our knowledge of its development. Abandonment of arable land, its overgrowing by herbgrass associations just like abandonment of pastures, their overgrowing by shrub formation or
woodland species indicate structural changes in agriculture of any particular country or
region.
Feranec et al. (2005a, b) demonstrated LC changes in Slovakia in 1990–2000, and
changes of the agricultural landscape associated with changes of arable land (the CLC class
211, see Tab. 1) in favour of the CLC class 231 (pastures) and CLC class 242 complex
cultivation patterns. Further changes that manifested in agricultural landscape and indicate the
onset of structural changes in Slovak agriculture are those in the CLC class 231.
The aim of the paper is to present analysis and assessment of pastures – their
diminishment and enlargement in districts of Slovakia in 1990–2000; to suggest one of the
possibilities of validation for pastures identified in the CLC2000 data layer by comparing
pastures which are parts of the CLC database with those identified by the Register of
Agricultural Production Blocks – Land Parcel Identification System (LPIS for 2003) in
selected localities.
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2. Data and methodology
The whole CLC90 and CLC2000 data derivation process by computer aided visual
interpretation of satellite images and identification of LC changes in 1990–2000 in a
considerable part of Europe under the Image and CLC 2000 (I&CLC2000) project has been
characterised in detail, by for instance, Perdigao and Annoni (1997), Steenmans and Perdigao
(2001), Nunes de Lima (2005) and Feranec et al. (2007).
It should be emphasized that the revised CLC2000-corrected layer was used for
change identification of pastures in Slovakia in 1990–2000 and for validation of this class
area. This layer was generated after finishing the project by correction of the CLC2000 layer.
Geometrical quality of input data (LANDSAT ETM satellite images) resulted in a higher
precision of the CLC2000 layer for scale level 1:50 000. Areas of all LC classes (see Tab. 1),
occurring in Slovakia that are covered by CLC90, CLC2000 and CLC2000-corrected data
layers were verified.
Tab. 1 CLC nomenclature
1 Artificial surfaces
11 Urban fabric
111 Continuous urban fabric
112 Discontinuous urban fabric
12 Industrial, commercial and transport units
121 Industrial or commercial units
122 Road and rail networks and associated land
123 Port areas
124 Airports
13 Mine, dump and constructions sites
131 Mineral extraction sites
132 Dump sites
133 Construction sites
14 Artificial, non-agricultural vegetated areas
141 Green urban areas
142 Sport and leisure facilities
2 Agricultural areas
21 Arable land
211 Non-irrigated arable land
212 Permanently irrigated land
213 Rice fields
22 Permanent crops
221 Vineyards
222 Fruit trees and berry plantations
223 Olive groves
23 Pastures
231 Pastures
24 Heterogeneous agricultural areas
241 Annual crops associated with
permanent crops
242 Complex cultivation patterns
243 Land principally occupied by agriculture,
with significant areas of natural vegetation
244 Agro-forestry areas

3 Forest and semi-natural areas
31 Forests
311 Broad-leaved forests
312 Coniferous forests
313 Mixed forests
32 Scrub and/or herbaceous vegetation associations
321 Natural grasslands
322 Moors and heathland
323 Sclerophyllous vegetation
324 Transitional woodland-scrub
33 Open spaces with little or no vegetation
331 Beaches, dunes, sands
332 Bare rocks
333 Sparsely vegetated areas
334 Burnt areas
335 Glaciers and perpetual snow
4 Wetlands
41 Inland wetlands
411 Inland marshes
412 Peat bogs
42 Maritime wetlands
421 Salt marshes
422 Salines
423 Intertidal flats
5 Water bodies
51 Inland waters
511 Water courses
512 Water bodies
52 Marine waters
521 Coastal lagoons
522 Estuaries
523 Sea and ocean

Source: Heymann et al. (1994), Bossard et al. (2000)

Changes in area of pastures of Slovakia were obtained by comparison of the 1990 and
2000 pasture layers (see Tab. 2 and Fig. 1).
Nine random 30 × 30 km squares (see Fig. 2) were selected in different parts of
Slovakia for the validation of the CLC2000-corrected data layer in terms of area
corresponding to the pastures covered by it. It was followed by comparison of pasture surface
obtained of the CLC2000-corrected data layer area with that in these squares identified by the
Register of Agricultural Production Blocks – Land Parcel Identification System (LPIS for
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2003) generated from aerial images with resolution 0.5 m, for scale 1:5000 at the Soil Science
and Conservation Research Institute in Bratislava. Tab. 3 and Fig. 3 bring the results.
Tab. 2 Occurrence of pastures; increases and decreases of their area in districts of Slovakia
in 1990 and 2000 (in ha)
Districts
BA1
BA2
BA3
BA4
BA5
BB
BJ
BN
BR
BS
BY
CA
DK
DS
DT
GA
GL
HC
HE
IL
KA
KE1
KE2
KE3
KE4
KK
KM
KN
KS
LC
LE
LM
LV
MA
MI
ML
MT
MY
NM
NO
NR
NZ

CLC90
0
94,69
0
216,44
60,58
10948,92
9734,65
1197,2
14356,4
3633,68
2711,38
13789,3
9618,61
194,36
5130,69
34,34
4001,66
66,32
2611,23
3679,67
3131,34
276,51
0
0,43
0
11277,7
2295,91
754,35
5789,06
6361,25
5127,25
17110,16
1514,44
2120,18
8143,09
3047,33
4309,27
1103,36
1392,72
11042,19
155,85
434,12

CLC00-cor CLCDI
0
0
120,06
25,37
0
0
237,42
20,98
89,08
28,501
9763,33 -1185,59
8350,51 -1384,14
1162,62
-34,58
12442,63 -1913,77
3653,22
19,54
2467,62
-243,76
10582,33 -3206,97
8688,8
-929,81
214,29
19,93
4571,61
-559,08
36,28
1,94
3793,74
-207,92
75,71
9,39
2342,95
-268,28
3459,24
-220,43
3034,98
-96,35
269,69
-6,82
0
0
0,25
-0,18
0
0
10013,21 -1264,49
1905,69
-390,22
634,5
-119,85
4608,98 -1180,07
6564,83
203,58
4619,9
-507,35
15695,33 -1414,82
1199,52
-314,92
1985,98
-134,2
7958,55
-184,54
2773,33
-273,99
3641,88
-667,39
996,05
-107,31
1153,89
-238,83
9072,08 -1970,11
155,85
0
412,28
-21,84

Districts
PB
PD
PE
PK
PN
PO
PP
PT
PU
RA
RK
RS
RV
SA
SB
SC
SE
SI
SK
SL
SN
SO
SP
SV
TN
TO
TR
TS
TT
TV
VK
VT
ZA
ZC
ZH
ZM
ZV

Total

CLC90
CLC00-cor CLCDI
3949,84 3348,01
-601,83
6283,85 5931,83
-352,02
422,34
417,9
-4,44
73,43
75,63
2,2
286,4
190,99
-95,41
4489,26 3814,41
-674,85
7917,77 7021,54
-896,22
4410,84 4250,89
-159,95
4430,22 4152,56
-277,65
3430,22 3091,19
-339,02
7494,58 6788,29
-706,28
11118,72
9876,7 -1242,02
10598,56 8701,48 -1897,08
29,24
0
-29,24
5817,59
5374 -443,581
0
0
0
984,79
856,51
-128,27
526,11
412,72
-113,39
3791,47 3225,65
-565,82
13303 11414,73 -1888,27
3477,02 2897,72
-579,3
2083,84
1893,8
-190,04
1635,97 1667,15
31,18
4941,46 3490,44 -1451,02
2821,98 2425,43
-396,55
121,85
124,58
2,73
3716,13 3497,28
-218,85
9343,24 8334,47 -1008,77
742,57
650,42
-92,15
5229,08 4431,27
-797,8
4238,83 3819,36
-419,47
2413,26 1906,06
-507,2
6939,86 6587,69
-352,17
2892,98 2876,14
-16,84
5886,66 5317,83
-568,83
1566,91
1678
111,09
5046,75 4806,17
-240,57

319923,2

284097

-35826,1

Source: own calculations
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Source: own calculations

Fig. 1 Area of pastures (CLC class 231) in districts of Slovakia in 1990 and 2000

Source: own calculations

Fig. 2 Occurrence of pastures (CLC class 231) in Slovakia in 2000.
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Tab. 3 Occurrence of pastures in selected areas
CLC 2000corrected

CLC 2000
Size of
Areas
area km2
1
900
2
900
3
900
4
900
5
900
6
900
7
900
8
900
9
900
Source: own calculations

hectares
208,2
6446,1
5423,2
4792,2
20305,0
1692,7
6235,1
4893,9
3457,4

%
0,2
7,2
6,0
5,3
22,6
1,9
6,9
5,4
3,8

hectares
161,7
5944,7
4849,3
4488,0
19010,6
1713,3
5664,6
4775,9
3380,0

TTP (LPIS)

%
0,2
6,6
5,4
5,0
21,1
1,9
6,3
5,3
3,8

hectares
316,4
10205,2
8112,2
10378,1
24281,3
6266,0
7729,1
15724,3
8836,2

%
0,4
11,3
9,0
11,5
27,0
7,0
8,6
17,5
9,8

Fig. 3 Percentage of pastures in 30 km grid.

3000%

CLC 2000

2500%

CLC 2000-corrected
TTP (LPIS)

Percentage

2000%

1500%

1000%

500%

0%
1

2
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6

7

8

9

Selected areas

Source: own calculations

3. Results
Identified changes of pastures in 1990–2000 assessed by districts of Slovakia manifested by
their area increases but above all decreases (see Fig. 4).
The first group comprises 12 districts of western, central and eastern Slovakia where
the area of pastures increased in interval 0–500 ha (see Fig. 4 and Tab. 2). Increase of pastures
is due to change of arable land (211) into pastures (231) caused by abandonment of arable
land. This process took place in several districts of Slovakia but Tab. 2 only informs about
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summarizing indicators (increase or decrease). It is possibly the first symptom of the changed
agrarian policy of the government and the emerging manifestation of market mechanism.
The second group contains five districts of northern and central Slovakia with most
distinct decreases of pastures in interval 1501–3207 ha. This decrease of pasture area
manifested by changes in favour of complex cultivation pattern (242), arable land (211) and
woodland (324; abandonment of pastures giving way to their natural development i.e.
overgrowing by shrub and woodland formations). Causes are attributable to land privatisation
and the new agrarian policy of the government.
Twenty districts of central, northern and eastern Slovakia with the pasture area
decrease in interval 501–1500 ha are in the third group. Changes of pastures in favour of CLC
classes 242, 211 a 324 caused decrease of their area. Apart from privatisation and change of
agrarian policy, lease of land to private farmers is also among the main causes of the
demonstrated change of pastures.
The fourth and biggest group contains 42 districts located in different parts of the
country. Area of pastures diminished in interval 0–500 ha. Decrease of pastures in favour of
urbanization in this group (CLC classes 1xx) also appeared among the above quoted changes.
Changes of the governmental agrarian policy, restitution of farmland and urbanization are
considered the dominant causes in this last group of changed pastures.
Tab. 3 and Fig. 3 document the attempt in validation of area of identified pastures in
the CLC2000-corrected data layer. The comparing standard scale is based in area of pastures
identified by means LPIS (2003) in nine squares with surface 900 km2 each (see Fig. 2). It
must be emphasized that this scale cannot be considered ideal either because the definition of
pastures, according to which pastures are classified in farm crop registration, differs from that
of the CLC class 231. (Apart from that, CLC nomenclature also contains class 321, which
occurs in Slovakia above all in high-mountain landscape.) Small differences (about 5% of
area of pastures within the particular square) were found in squares 1, 2, 3, 6, 7 and 9
(localities in lowlands, basins and highlands in the south of western, central, eastern but also
north-western and northern Slovakia). The most distinct difference, i.e. 12.5% of area, was
found in locality 8, a substantial part of which lies in the highland Laborecká vrchovina
(north-east of the country).
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Fig. 4 Increases and decreases of pastures (the CLC class 231) in districts of Slovakia in 1990–2000 (in ha)
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4. Conclusions
Generation of CLC90 and CLC2000 data layers of Slovakia and their availability at
http://atlas.sazp.sk opened new possibilities for analysing and assessing landscape changes.
Analysis and assessment of change in pastures by districts of Slovakia revealed their
decrease by 35,826.1 ha in 1990–2000 (especially in favour of CLC classes 1xx, 211, 242,
243, and 324).
Main causes of changes of pastures in Slovakia in 1990–2000 include restitution of
farmland and changes of the governmental agrarian policy.
The greatest identified difference between the area of pastures declared by means of
LPIS (2003) and area of pastures derived of the CLC2000-corrected data layer was 12% in
nine selected squares (30×30 km).
The paper is one of the outputs of the 2/7021/27 project “Structure of rural landscape:
analysis of development and spatial organization by application of CORINE land cover data
and the geographic information systems” at the Institute of Geography in Bratislava, 2007
supported by the VEGA Grant Agency. Authors are grateful to the Soil Science and
Conservation Research Institute in Bratislava for ELPIS/2003 grasslands data. Authors are
grateful to Hana Contrerasová for translation of this paper into English.
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Abstract
This paper assesses the water footprint (WFP) of energy from biomass. The concept of the WFP has
been introduced by Hoekstra and Hung (2002) and has been developed further by Chapagain and
Hoekstra (2004). They define the WFP as the total annual volume of freshwater used to produce the
goods and services related to a certain consumption pattern. Applied for energy from biomass, the
paper observes large differences among the WFP’s for specific types of biomass that depend on
biomass type, agricultural production situation, climate and location. The average WFP of biomass
grown in the Netherlands is 24 m3 per GJ, of biomass grown in the US 58 m3 per GJ, in Brazil 61 m3
per GJ, and in Zimbabwe 143 m3 per GJ. For the fossil energy carriers, the WFP increases in the
following order: uranium (0.09 m3 per GJ), natural gas (0.11 m3 per GJ), coal (0.16 m3 per GJ), and
finally crude oil (1.06 m3 per GJ). Based on the average per capita energy use in western societies, a
mix from coal, crude oil, natural gas and uranium requires about 35 m3 per capita per year. If the same
amount of energy is generated through the growth of biomass in a high productive agricultural system,
as applied in the Netherlands, the WFP of 100 GJ is 2420 m3. In the United States, where yields are
lower than in the Netherlands, the WFP is 5820 m3 per capita per year, in Brazil 6120 and in
Zimbabwe even 14260 m3 per capita per year. This means that the WFP of biomass is 70 to 400 times
larger than the WFP of the other primary energy carriers. The trend toward a larger contribution of
energy from biomass to energy supply will bring with it a need for more water. This causes
competition with other claims, such as water for food crops.
Keywords: Sustainability, Climate change, Energy, Biomass, Natural resource use, Water footprint

1. Introduction
Human societies use natural resources to meet their needs. They use agricultural land and
freshwater to produce food, and fossil energy carriers and biomass to supply energy. These
land, water and energy systems are interrelated, however. The generation of energy requires
water, for example, for cooling electricity plants or for coal mining. Chapagain and Hoekstra
(2004), for example, showed the large water footprint of food crops. When crops are used for
energy, biomass is a water-demanding energy carrier that also puts a claim on land resources.
Climate change, the limited access to fossil energy carriers and the dependency on energy
suppliers cause a shift from fossil energy carriers (coal, natural gas, crude oil), towards CO2neutral energy, such as nuclear energy or hydropower, more sustainable and CO2-neutral
energy forms, such as wind and solar energy, and energy generated from biomass (De Vries et
al., 2006). These energy carriers also have the advantage that they can be produced where
energy is needed. Especially energy from biomass is heavily promoted. Policies towards
larger biomass production, for example by the European Union, will create new and
alternative functions in the rural space. These new functions directly affect land use and
landscape changes. But they also have indirect effects by producing changes in the water
systems that are still largely unknown. The aim of this study is to provide insight into the
water-energy relationship and to quantify water requirements for non-renewable primary
energy carriers and for biomass for energy purposes. The three research questions are: (i) how
much water is needed to provide energy from biomass?; (ii) are there differences among types
of biomass, e.g. trees, food crops, or typical energy crops?; and (iii) how much additional
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water is needed if a shift occurs from non-renewable energy carriers towards energy from
biomass?
Although the results obtained in this study are still preliminary in nature, they provide
insight into the water footprint of different energy forms. These insights can contribute to a
better understanding of the relationship between energy and water use.
2. Method
The water footprint (WFP) of biomass in units of water per unit of energy (m3 per GJ) is
calculated by combining information on the WFP of biomass with data on the energy content.
For the assessment of the WFP, the study adopts the concept from Chapagain and Hoekstra
(2004). The study derived data on water requirements for fossil energy carriers and uranium
from literature.
2.1 The concept of the water footprint
A tool that addresses water requirements for crops as well as international virtual water flows
related to the trade of crops and crop products is the concept of the Water Footprint (WFP).
This tool has been introduced by Hoekstra and Hung (2002) and has been developed further
by Chapagain and Hoekstra (2004). Those authors define the WFP as the total annual volume
of freshwater used to produce the goods and services related to a certain consumption pattern.
It shows water use for consumption, termed utilization, inside and outside the national
territory. Results are expressed as m3 per kg of product, m3 per capita per year, or as m3 on a
national level. Globally, the main virtual water flows are related to utilization of soybeans
(11%), wheat (9%), coffee (7%), rice (6%) and cotton (4%) (Chapagain and Hoekstra, 2004).
The WFP consists of three components: green, blue and gray virtual-water. The green
virtual-water content of a product refers to the rainwater that evaporated during the production
process, mainly during crop growth. The blue virtual-water content of a product refers to the
surface and groundwater applied for irrigation that evaporated during crop growth. The gray
virtual-water content of a product is the volume of water that becomes polluted during
production. It is defined as the amount of water needed to dilute pollutants emitted to the
natural water system during the production process to the extent that the quality of the
ambient water remains beyond agreed water quality standards (Hoekstra and Chapagain,
2007). The WFP of an individual or a country consists of the total volume of water used (m3
year-1), directly or indirectly, to produce goods and services consumed by the individual or the
country (Chapagain and Hoekstra, 2004). The WFP distinguishes between the internal WFP
and the external one. The internal WFP is defined as the use of domestic water resources
related to a country’s utilization, while the external WFP is defined as the use of water
resources in countries outside the national border related to domestic utilization.
2.2 The water footprint of energy from biomass
Natural capital – air, land, habitats and water – is essential for the functioning of the natural
environment that performs functions essential for human existence and life on earth (Costanza
and Daly, 2002). The availability of water is a prerequisite for biomass growth. The WFP of a
product (commodity, good or service) is defined as the volume of freshwater used for the
production of that product at the place where it was actually produced (Hoekstra and
Chapagain, 2007). It refers to the sum of the water use in the various steps of a production
chain. Most of the water used is not contained in the product itself, however. In general, the
water content of products is negligible compared to their WFP.
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The study considered four categories of crops: (i) trees; (ii) bioenergy crops; (iii) food
crops and (iv) crops for materials. It made assessments for sixteen crops from the four
categories mentioned above: poplar (trees), miscanthus (bioenergy crops), and for cassava,
coconut, groundnuts, maize, oranges, palm oil, potato, wheat, rapeseed, sugar beet, sugar
cane, sunflower, soyabean (food crops), and cotton (crops for materials). The study
considered four different countries, Brazil, the Netherlands, the United States and Zimbabwe.
For these countries, climatic data that were used as input for the model CROPWAT (FAO,
2007), were derived from the database of Hennings and Müller (2000). Areas where specific
crops are grown were derived from the United States Department of Agriculture (USDA,
2007). Finally, it calculates the water footprint of energy from biomass (m3 GJ-1) by dividing
virtual water (m3 kg-1) by the energy content (GJ kg-1) (ECN biomass, 2007).
2.3 The water footprint of non-renewable energy carriers
In general, there is almost always water needed in a supply chain to make energy available for
human activities. For the assessment of the WFP of energy carriers other than biomass, this
study only took the primary energy carriers that derive from sources in the first link of the
supply chain into account. It distinguished between primary, non-renewable fossil energy
carriers (crude oil, coal, and natural gas) and primary, other non-renewable energy carriers
(uranium). Data were derived from Gleick (1994).
3. Results and discussion
3.1 The water footprint of energy from biomass
Table 1 shows the results for the WFP of biomass for the sixteen crops grown in four different
countries. Differences among WFP’s of biomass were large, dependant on the type of
biomass, the agricultural system applied and climatic conditions.
Table 1 – WFP of biomass for sixteen crops grown in the Netherlands, the United States,
Brazil and Zimbabwe
m3 per GJ
The Netherlands
United States
Crop
Cassava
--Coconut
--Cotton
-135.0
Groundnuts
-57.6
Maize
9.1
18.3
Miscanthus
19.7
37.1
Oranges
-9.8
Palmoil and kernels
--Poplar
22.2
41.8
Potatoes
20.9
45.8
Soyabeans
-99.3
Sugarbeets
13.4
23.3
Sugarcane
-30.0
Sunflower
26.9
60.6
Wheat
13.8
84.2
Winteroilseedrape
67.3
113.3
Average
24.2
58.2
Sources: own calculations; see text for explanation

Brazil
29.7
48.8
95.6
51.4
39.4
48.8
16.3
75.2
55.0
30.7
61.1
-25.1
54.3
81.4
205.2
61.2

Zimbabwe
204.7
204.7
355.6
253.6
199.6
63.8
51.6
-72.0
64.8
138.0
-31.4
145.5
68.7
-142.6
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For the types of biomass included in this study, the largest difference was found between
maize grown in the Netherlands and cotton grown in Zimbabwe; the WFP of the cotton was
forty times the WFP of Dutch maize. In general, some crops have a lower WFP per unit of
energy than other crops. In order to compare the WFP of crops, Figure 1 shows the relative
WFP per country, where the WFP of maize in that country is set to 1. Figure 1 shows that in
the Netherlands, maize has the smallest WFP, the WFP of sugar beet is 50% larger, whereas
the WFP of miscanthus is twice the WFP of maize, of poplar and potato two and a half the
WFP of maize, of sunflower three times and of oilseedrape seven and a half times the WFP of
maize. In the US, oranges show a WFP of half the WFP of maize, all other crops have larger
WFP’s: sugarbeet and sugar cane about 50% larger, poplar and potato two and a half times
larger, groundnut and sunflower three times, and oilseedrape and cotton six and seven and a
half times larger respectively. In Brazil, oranges and sugar cane show about half the WFP of
maize, cotton and oilseedrape two and a half and five times the WFP of maize. The other
crops have WFP’s in the same order of magnitude as maize. In Zimbabwe, only cotton has a
WFP that is substantially larger than the WFP of maize, twice the value of maize. All other
crops have WFP’s in the same order of magnitude or smaller. In general, the WFP of maize is
favorable, the WFP of oilseedrape and cotton, unfavorable.
Figure 1 also shows that some crops that are specifically grown for energy, i.e.
miscanthus, poplar and winteroilseedrape have a relatively large WFP compared to a food
crop such as maize. An exception is poplar grown in Zimbabwe. For this crop, however, the
study applied general yield data that probably overestimated yield levels in that country, so
that it underestimated the WFP of poplar. From a water perspective, crops grown for energy
do not have a more favorable WFP than crops grown for food.
Fig. 1 – Relative WFP in the Netherlands, the United States, Brazil and Zimbabwe, where the
WFP of maize in the country considered is set to 1
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3.2 The water footprint of non-renewable energy carriers
Table 2 shows the WFP of operations that make the non-renewable energy carriers: coal,
uranium, crude oil and natural gas, available. Large differences among the WFP of operations
occur, resulting in large differences among average, total WFP’s of non-renewable energy
carriers. The WFP of underground uranium mining, for example, is negligible, whereas the
WFP of deep mining of coal is 0.012 m3 per GJ, onshore oil extraction and production 0.006
m3 per GJ, and surface mining of coal only 0.004 m3 per GJ. For the non-renewable energy
carriers, the WFP increases in the following order: uranium (0.09 m3 per GJ), natural gas
(0.11 m3 per GJ), coal (0.16 m3 per GJ), and finally crude oil (1.06 m3 per GJ). In this
category, the WFP of crude oil is ten times the WFP of uranium.
As mentioned before, however, the WFP includes three types of water: green water,
blue water and gray water. The first two are related to water use, the latter to water pollution.
Gray water is defined as the amount of water needed to dilute pollutants emitted to the natural
water system during the production process, to the extent that the quality of the ambient water
remains beyond agreed water quality standards. To make energy carriers available, it is
possible that water becomes polluted. For example, underground coal mining sometimes leads
to contamination of water (Gleick, 1994). This study did not take pollution, and thus gray
water into account. In this way, it probably underestimated the WFP of some energy carriers
that show large water pollution.
Table 2 – Average water footprint for operations that make energy carriers available and
average total water footprint for coal, uranium, crude oil, natural gas, electricity from active
solar space heat, and electricity from wind energy (m3 per GJ)
Operation
Coal
Surface mining
Deep mining
Slurry pipelines
Beneficiation
Other plant operations
Total (average)
Uranium
Open pit uranium mining
Underground uranium mining
Uranium milling
Uranium hexafloride conversion
Uranium enrichment: gaseous diffusion
Uranium enrichment: gas centrifuge
Fuel fabrication
Nuclear fuel processing
Total (average)
Crude oil
Onshore oil exploration
Onshore oil extraction and production
Enhanced oil recovery
Water flooding
Thermal steam injection
Forward combustion/air injection
Micellar polymer
Caustic injection

Average water footprint (m3 per GJ)
0.004
0.012
0.063
0.004
0.090
0.164
0.020
0.000
0.009
0.004
0.012
0.002
0.001
0.050
0.086
0.000
0.006
0.120
0.600
0.140
0.050
8.900
0.100
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Carbon dioxide
Oil refining (traditional)
Oil refining (reforming and hydrogenation)
Other plant operations
Total (average)
Natural gas
Gas processing
Pipeline operation
Plant operations
Total (average)
Electricity from solar active space heat
Electricity from wind energy
Sources: Gleick (1994) and own calculations; see text for explanation

0.640
0.045
0.090
0.070
1.058
0.006
0.003
0.100
0.109
0.265
0.000

3.3 The water footprint of energy from non-renewable energy carriers compared to
biomass
Results show large differences between the category of fossil energy carriers on the one hand
and the category of biomass on the other. The average WFP of a mix of uranium, natural gas,
coal and crude oil is only 0.35 m3 per GJ. The average WFP of high yielding biomass grown
in the Netherlands is 24.2 m3 per GJ. This means that a shift from fossil energy towards
energy from biomass puts large claims on scarce freshwater resources. Based on the energy
use of 100 GJ per capita per year in western societies (Kramer et al., 1994; Vringer and Blok,
1995; Noorman and Schoot Uiterkamp, 1998; Moll et al., 2005), a mix from coal, crude oil,
nuclear energy and gas requires 35 m3 of water, while 100 GJ from biomass requires 2420 m3,
about seventy times as much water. In the United States, where yields are lower than in the
Netherlands, the WFP of 100 GJ from biomass is 5820 m3, in Brazil 6120 and in Zimbabwe
even 14260 m3. This means that the WFP of biomass is 70 to 400 times larger than the WFP
of the non-renewable, primary energy carriers. This requirement competes with water
required for food, which lies in the same order of magnitude. Strategies towards larger
biomass use for energy should take this large water footprint into account.
4. Conclusions
The aim of this study was to define the relationship between water and energy, especially
between water and biomass for energy purposes. Results show large differences between the
average WFP of non-renewable energy carriers on the one hand and the average WFP of
energy from biomass on the other. But also, within the two categories, large differences occur.
The WFP of non-renewable energy carriers increases in the following order: uranium, natural
gas, coal and finally crude oil, which shows a WFP of ten times the WFP of uranium. Within
the category of biomass for energy purposes, differences are even larger. These differences
are caused by differences in crop characteristics, agricultural production situations, climatic
circumstances, as well as by local factors. For example, the WFP per unit of energy of cotton
grown in Zimbabwe is forty times the WFP of maize grown in the Netherlands. Biomass
grown for energy purposes, such as poplar, miscanthus or winteroilseedrape, do not show
more favorable WFP’s than food crops, such as, for example, maize.
The study showed that the WFP of energy from biomass is 70 to 400 times larger than
the WFP of a mix of energy from non-renewable sources. The current and future economic
development causes an ever increasing need for natural resources, such as fresh water. A shift
towards CO2-neutral energy carriers, as promoted to decrease the impact of fossil energy on
the climate system, will bring with it a need for more water. The concept of the WFP, and the
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results for biomass presented in this paper, have led to new insights with respect to the large
impact of energy from biomass on the use of fresh water resources. This knowledge can be a
valuable contribution to research concerning energy needs and fresh water availability for the
near future.
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Abstract
The United Nations proclaims the year 2008 to be its International Year of Planet Earth (IYPE). IGU
is a founding partner of the IYPE, and is expected to make substantial contribution to it. IGU
established an IGU-IYPE task force in order to fulfil its duty as a founding partner, and nominated
Anne Buttimer its leader. IYPE has ten themes, and the writer has been appointed as the leader of the
theme “resources” of the IGU-IYPE task force. For the geographers specializing in land use, the IYPE
is a good opportunity to address to the society the land-related problems and people’s efforts to
improve the situation. Land is used to accommodate the bulk of human activities including living,
farming and industrial activities, but this precious resource is deteriorating in many parts of the world
for various reasons, and countermeasures are in urgent need. This paper outlines the setting where IGU
Commission on Land Use and Land Cover Change (IGU-LUCC) is in the IYPE context and what
questions it is expected to answer.

1. Introduction
Land is used to accommodate the bulk of human activities including living, farming and
industrial activities. It is not only a basic resource itself, but also a resource related closely
with the use of other resources, such as water or biological resources. It is an essential
element of the environment, which offers us most of the things we receive from the earth for
our life. However, this precious resource is deteriorating in many parts of the world for
various reasons, and countermeasures are in urgent need.
Geographers, particularly the members of IGU-LUCC, might find the IYPE a timely
and good opportunity to appeal to the world the land-related problems and the efforts of the
people to solve them. IGU has been involved in the creation of IYPE, and is determined to
make notable contribution to it. Anne Buttimer, a former president of IGU and a member of
the IYPE Management Board, leads the IGU-IYPE task force, which consists of the
geographers in charge of each of the ten themes of the IYPE. The theme “resources” is the
one the writer is organizing. This paper discusses what land-use scientists should do for the
IYPE. It is intended to propose the priorities for IGU-LUCC under the IYPE framework.
2. IYPE Science Programme
The IYPE has two major lines of activities. The Science Programme of IYPE consists of ten
science themes, all based on the interaction between earth sciences and society, as listed
below (www.yearofplanetearth.org):
Groundwater – towards sustainable use
Hazards – minimizing risk, maximizing awareness
Earth & Health – building a safer environment
Climate – the 'stone tape'
Resource issues – towards sustainable use
Megacities – going deeper, building safer
Deep Earth – from crust to core
Ocean – abyss of time
Soil – Earth's living skin
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Earth & Life – the origins of diversity
The other line of activities deals with outreach, to expose the benefits of the earth
sciences for a better world to the public through a wide range of activities, including
expositions, excursions, education, festivities, publications, TV and radio broadcasts, etc.
Among them, the highest priority will go to education in a broad sense, including life-long
learning.
The world has changed drastically since the IYPE was approved by the United Nations.
Many specialists of energy resources admit that the world has already passed the line of the
peak-oil. Education cannot be free from this rapidly changing situation of energy resources,
which has been accelerated by the rapid economic growth of China and other new economic
powers, less impressive energy-saving measures taken by the old economic powers,
particularly by the USA, and global warming. Studies of ecological footprint suggest that the
limit of the land and the productive ocean is another serious threat to human existence
(Wackernagel & Rees, 1996). This is thought to be one of the highest priority issues for the
world’s geographers.
3. Sessions for IYPE in IGC 2008 Tunis
Both thematic and plenary sessions on the International Year of Planet Earth are planned for
the XXXI IGC in Tunis with local host coordinator Adnane Hayder
(adnane.hayder@yahoo.fr). IGU, as founding partner with IUGS and UNESCO on this
endeavour, has since autumn 2006 promoted contributions from the international geographical
community through the voluntary leadership of colleagues who are experts in the ten thematic
domains of IYPE science and outreach. Specific guidelines for each of these themes can be
found at the websites of IGU (igu-net.org) and Home of Geography (homeofgeography.org).
Each leader is expected to present results of their activities to date in association with the
XXXI IGC in Tunis. Plans are also in place for plenary sessions involving several of these
themes and more explicitly related to the main congress focus on "Building together our
territories" and the sub-theme of the Mediterranean. The title of the plenary session for IYPE
will be “Securing together our territories”. Proposed contributions to both thematic and
general sessions are warmly welcomed and should be submitted to both the relevant theme
leaders (above) and to the local host coordinator.
Table 1 – IGU-IYPE theme leaders
Deep Earth
Hazards and Risks
Soils
Climate Change
Resources
Ground Water
Mega Cities
Earth and Health
Oceans
Earth and Life
IGU Liaison

Irasema Alcantara Ayala
Susan Cutter
Marek Degorski
Annick Douguédroit
YukioHimiyama
Anthony Jones
Frauke Kraas
Mark W. Rosenberg
Norbert P. Psuty
Udo Schickhoff
Anne Buttimer

irasema@igg.unam.mx
scutter@sc.edu
m.degor@twarda.pan.pl
annickd@up.univ-aix.fr
himiyama@asa.hokkyodai.ac.jp
jaj@aber.ac.uk
f.kraas@uni-koeln.de
rosenberg@post.queensu.ca
Psuty@imcs.marine.rutgers.edu
schickhoff@geowiss.uni-hamburg.de
Anne.Buttimer@ucd.ie

4. Key Questions of “Resources” for Geographers
The theme of the expected IYPE plenary session, namely “Securing together our territories”
has special relevance to the theme “resources”. The writer, as the leader of the theme
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“resources” of IGU-IYPE, propose to the world geographical community to focus on the
following key questions, without excluding others, with this “security” viewpoint in mind:
a) How can we expand and improve our knowledge base of resources for sustainable
development?
b) How can our improved knowledge base contribute to betterment of society and the
environment?
c) How can we improve the ways we use resources with the help of geosciences?
d) How can land-use planning skills be used to resolve conflicting aims of different land
users?
e) How can we lessen adverse effects associated with resource development?
f) How can we contribute to solving or easing land degradation or other resource-related
problems?
g) How can we communicate better with society in general, and with students in
particular?
Geoscience here includes geography and geographical information sciences, of course.
5. Land resources
Alexander Mather, the former chair of IGU-LUCC who sadly passed away in November 2006,
published a book entitled “Environmental Resources” in 1995 together with his long-time
colleague Keith Chapman (Mather & Chapman, 1995). Though the book was written even
before the birth of IGU-LUCC in 1996, it clearly shows the Commission a guideline for its
possible activities under the framework of IGU-IYPE, as shown below.
They recognized the following three main groups of environmental resources:
i) Raw materials and energy sources used by humans, usually as inputs into the economic
system, traditionally regarded as natural resources, e.g. mineral ores, coal and oil.
ii) Parts of the environment that can provide services rather than material goods, e.g. in
outdoor recreation and appreciation of wildlife and scenery.
iii) The natural environment providing the essential life-support system for humans, including
oxygen and water as well as material goods such as food. It also provides the sump into which
the waste products of the economic system and human life in general are put.
The central concern among them is land or land-based resources. The book devotes
three chapters to it, namely
i) The land resource: food production
ii) The land resource: forests
iii) The land resource: biodiversity, protected areas and environmental conservation.
Energy resources, mineral resources, water resources and ocean resources are
discussed in other chapters, but the first three kinds of resources are essentially land-based,
and even ocean resources are closely related with land. Elsewhere, land resources are defined
as “the environmental resources of climate, water, soils, landforms, forestry, pastures, and
wildlife, on which agriculture, forestry, and other kinds of rural land use depend” (Young,
1998). In order to complete the list of land resources, it is fair to add urban and some other
types of land use.
The key questions for the land-use scientists willing to be involved in the theme
“resources” can be easily understood if one inserts “land” in front of “resources” in a) – g) in
Section 4. The IGU-LUCC members have achieved a lot concerning these basic questions,
particularly in a), b), e) and f), during the organisation’s ten or so years of history.
As for a), i.e. knowledge base of land resources, the Commission’s commitment to the
LUCC historical information bases has been demonstrated in its series of publications,
especially in the publication of “Atlas – Land-Use/Cover Changes in Selected Regions in the

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

78

3

World”. Volume 1 of the atlas contains contributions from eight countries/regions and
Volume 2 from five, and Volume 3 & 4 from five (Himiyama et. al. eds., 2005). This atlas
publication scheme has encouraged the creation of LUCC historical information bases in
those participating countries/regions. It is an important achievement of the Commission, but
the area covered by the scheme so far is still far from enough. Further effort is being made to
increase the number of participating countries/regions. It is noted that the LUCC information
bases are not mere stock of numbers or statistics, but are knowledge bases including high
quality documents, photos and research outputs, as well as statistical databases. Other
knowledge issues include monitoring of land use changes and documentation of local or
traditional knowledge.
As for b), i.e. application of knowledge base, land management, land-use policy and
contribution to global change studies have been notable, while e), i.e. lessening impact of
development, has been associated mainly with land-use planning. As for f), i.e. solving or
easing land degradation or other resource-related problems, the contributions of geographers
have been wide-ranging, including all the items mentioned above. All those efforts should be
continued, and it is desirable to make them visible to the world.
6. Conclusions
IYPE is a unique opportunity for geographers to work together with geologists and other earth
scientists, and to strengthen and broaden their outreach activities. There are various barriers
and gaps, e.g. those of information, understanding, cultures, values, disciplines, etc. which
must be overcome. It seems that we are entering the era of “sustainability revolution”.
Geographers can, and should, play important roles in it. The contribution of the IGU-LUCC
members is crucial for the success of IGU-IYPE, as they have achieved a lot concerning these
basic questions. Further progress in research, information bases and publication, particularly
of the Atlas “Land Use/Cover Changes in Selected Regions in the World”, is required.
Lastly, the writer would like to remind the reader of the importance of equity and
ethics when we deal with resource issues. Mather & Chapman (1995) refer to the following
writing of Reed and Slaymaker (1993):
“.... technical solutions to environmental problems are not feasible, any more than are
solutions through economic instruments and market forces. At the core of many problems
lies the issue of distribution, and in particular distribution between the developed and
developing countries, between rich and poor, and between present and future generations.
.... the central weakness in geography’s response to environmental problems has been its
failure to engage with questions of ethics.
It is hoped that world geographers, particularly those involved in the activities of IGULUCC, play an important role in the world-wide stride towards “sustainability revolution”
which Mather & Chapman expected, or longed for, and that the involvement of IGU in IYPE
facilitates it.
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