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Abstract

The paper presents analysis of the development and long-term landscape changes by comparison of
the selected representative conditions of the landscape as natural (original) landscape and the present
land use. The natural landscape is reconstructed as a hypothetic state, which existed before the human
impact, but related to the present climatic conditions. The present land use is identified by the
CORINE land cover (CLC) method in 2000 (CLC2000). Long-term changes were identified by the
comparison of the natural landscape and CLC2000 and classified as urbanization (urban
development), recreation (leisure) area development, farming expansion, forest and water management
in the GIS ArcView environment. The procedures of identification and classification of the long-term
landscape changes are presented on the example of the region, Tatras (Slovakia).

1. Introduction

Humans have used the landscape while securing their existence, but also as the living
environment. Analysis of the long-term development of the landscape suggests solutions to
the present economic and environmental problems. Comparison of the original natural
landscape and the contemporary land use, facilitates an effective analysis of the landscape
development. Original natural landscape is reconstructed as the hypothetical state of the
landscape that existed before human impact, but related to the present climatic conditions.
The natural (reconstructed) landscape types represent homogeneous bioclimatic and
soil/substrate areas with conditions similar to the original forest or apine landscape. In this
sense, their potential for land use is also relatively homogeneous.

Analysis of land use (LU) changes is an important contribution to landscape research,
all the more if it is based on correct and representative data. Source data are from different
time horizons. Registration and map representation of LU in Europe enjoys along tradition.
Land cadastres consisting of maps and data documentation existed already in the territory of
the former Czechoslovakia. Historic maps (topographic maps from the 1st Ordnance Mapping
until now) and statistical records are also obligatory for the correct long-term assessment of
LU changes.

One of the first authors that analysed LU changes in Slovakia was Mazur (1974) using
the statistical data for 1898-1960. He presented them in the series of maps in the Atlas of the
SSR (Mazur, ed. 1980). Statistical data and historical topographic maps above all were the
source materials for the analysis of LU changes in studies of Bic¢ik (1997), Bicik et al. (1996),
Boltiziar (2005), Demek et al. (2007), Drgona (2004), Lipsky (1995), Lipsky et a. (1999),
Olah (2003), Otahel’ et al. (1993), Zigrai and Drgona (1995).

Spatially, more correct results of landscape changes were obtained after application of
remote sensing data (Feranec et al. 1997 and 2003, Otahel’ and Feranec 1997, Ot'ahel’ et al.
2000, 2002 and 2003, Rogan and Chen 2004, Treitz and Rogan 2004, BoltiZiar 2004).

CORINE land cover (CLC) data layers processed for agreater part of Europe are
especially valuable in terms of their compatibility and comparability, as numerous studies
made in several countries and regions prove (Feranec et al. 1997, 2000, 2005, 2006, 2007,
Kuemmerle et al. 2006, Ot'ahel’ et al. 2000, 2002, 2004, Willems et a. 2005 and others.)
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The studies assessing the present land use and natural potential enjoy along tradition
and so does the concept referred to as the landscape synthesis (MazUr et a. 1985, Otahel’ a
Pol&cik 1986, Richling et al. 1996). This concept was further elaborated by studies which
made use of source material close to the original natural landscape and CLC, for analysis of
long-term landscape changes (Ot'ahel’ et al 2000, 2002, 2004).

The aim of this contribution is to assess the landscape development and long-term
changes by comparison of the natural landscape with the present land use/land cover using the
CLC2000 data layer and GIS ArcView technology on the example of the region, Tatras.

2. Study area

The studied area is situated in the north of central Slovakia and includes 2 districts of region
Zilina (Tvrdo&in and Liptovsky Mikuldd) and 2 districts of region PreSov (Poprad and
KeZmarok) (see Figure 1) with total area 3,764 km? or 7.7 % of the nationa territory. The
total population of the region is 276,625 (as of 31.12.2001) or 5.1% of the national total. By
population density (73 inhabitants per km?), the region Tatras ranks last.

Fig. 1 —Location of study area
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Fourteen orographic units differentiate the relief. By order of importance, they include
the tallest crystalline mountain ranges of the High Tatras and the Low Tatras, separated from
each other by the basin Podtatranska kotlina. The peak Gerlachovsky &tit (2,655 a.dl..) is the
tallest mountain of the Tatras, Slovakia and the whole Carpathian massif. The most elevated
parts of the High Tatras and Low Tatras constitute the apine landscape with areas of dwarf
pinewoods, alpine meadows with sparse vegetation and bare rocks. The mountain range of
High Tatras with its glacial relief and climate form the most attractive area for year-round
tourism. The Low Tatras, with the caves Deméanovské jaskyne and winter travel and tourism
resort in Jasna, are also important.

The basin Podtatranska kotlina is a deep depression filled with fluvial plains and
terraced flysch hill land with fluvial sediments in the foreland of the High Tatras. Water
reservoir Liptovskd Mara has been constructed on the river Vah, in the basin Liptovska
kotlina. It produces electric power and serves as a tourist centre. It islimited by the limestone
mountain range of Chocské vrchy in the north-west. The river Poprad flows through the
eastern part of the basin Podtatranska kotlina. Part of the forested Kozie chrbty, the
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agriculturally exploited part of the basin Hornadska kotlina and Slovensky raj (orographic
unit Spissko-gemersky kras), also lie in district Poprad. Prevailingly flysch mountain ranges
and depressions alternate in district TvrdoSin in the north-west of the region. Mountain ranges
Oravskd Magura and Skorusinské vrchy are mostly forested while the upland Oravska
vrchovina built by the klippen belt rocks is also agriculturally used. The basin Oravska kotlina
and the furrow Podtatranska brézda are even more deforested and agriculturally used. The
large water reservoir of the Orava dam, with important energetic and recreation functionsisin
the basin Oravska kotlina. Forested flysch mountain ranges Spisska Magura and Levo¢ské
vrchy cover the major part of district Kezmarok in the north-east of the region.

Settlements and economic activities concentrate in basins. The biggest town of the
region and important transport node with an airport is Poprad. Services and industry are
located in district centres (Liptovsky Mikulds, Kezmarok aTvrdosin), and in other towns
(Svit. Liptovsky Hrédok). Very cold and moist climate in basins has determined the nature of
farming, which is mostly oriented to cultivation of crops (potatos, rye, barley, flax, and
fodder) and cattle and sheep keeping, with important production of milk.

Mineral and hot springs (BeSenova, Liptovsky Jan, Poprad, Lubica), climatic spas in
settlements of the High Tatras (Strbské Pleso, Stary Smokovec, Tatranska Lomnica), and
numerous protected territories in National Parks (TANAP aNAPANT) enhance the
importance of the region in terms of travel and tourism.

3. Data and methods

Landscape changes are interpreted as a sequence of mutually linked different states
(conditions) of physical nature that occur at representative time horizons. In the context of the
environmental landscape assessment, it is appropriate to relate the contemporary state to an
ideal one, which represents the hypothetic (reconstructed) natural landscape. This condition is
close to the original natural landscape. The comparison of both states facilitates analysis of
the landscape development or long-term landscape changes.

The first step in analysis of landscape development and long-term changes is
identification of the representative data layers.

Firstly, the natural landscape accepted as the referential state of the original landscape
was analysed and identified. Natural landscape was reconstructed as the hypothetical state of
the landscape that existed before human impact, but related to the present climatic condition.
(Mazur et a. 1977, Otahel et al. 2004). Mapping of potential natural vegetation (Michalko et
al. 1986) applies similar methods to those used by landscape reconstruction.

The regional geoecological types of Slovakia (Mazur et a. 1977) and the adapted map
of natural landscape types (Otahel’ 2000) at scale 1:500 000 were the source materials for the
natural landscape identification and classification. The natural (reconstructed) landscape of
the region Tatras contains 9 types (Tab. 1 and Fig. 2) at four hierarchic levels. Natura
landscape types represent spatial units with relatively homogeneous properties, which are
decisive for the functioning of the self-regulating and self-regenerating mechanism of the
landscape, and simultaneously for land use.
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Table 1 — Natural (reconstructed) landscape.
Legend contains only the classes occurring in the region Tatras. Natural landscape class
codes in bold agree with their codesin figures (Figs. 1 and 3).

2 MOUNTAINOUS LANDSCAPE Mountainous erosion-denudation
Basin, furrow, and valley erosion- 22  landscape with fissured-layered to
21  accumulation landscape with capillary fissured-karstic ground waters
and porous ground waters _
Moderately cool basins with oak- 221 Promontories to plateaux
213
hornbeam to beech forests )
Flood plains with prevailingly willow- Warm to moder_ately warm promontories
2131 oplar floodplain forests on Fluvisols 2211 and plateaux with oak-hornbeam forests
Terraces and cones covered by loess on Cambisols -
2132 and loams with oak-hornbeam Moderately_ cold promontories and
forests on Luvisols and Cambisols 2212 plateaux with beech forests on

Cambisols

Cold promontories and plateaux with
2213 oak, fir-beech and spruce forests on

Subberglands and intramontane
2133 furrows with beech forests on
Cambisols

Cambisols
222 Uplands to highlands

214  Cool basins with oak to spruce forests

Flood plains with prevailingly willow-

2141 poplar floodplain forests on Fluvisols

Warm to moderately warm uplands to

2221 highlands with oak-hornbeam forests on
Cambisols to Rendzinas

Moderately cold uplands to highlands
2222 with beech to spruce forests on

Terraces and cones covered by
polygenetic loams with oak-
hornbeam to lime-spruce forests on
Luvisols and Cambisols

2142

Cambisols to Rendzinas

Cold uplands to highlands with
2223 spruce forests on Cambisols and

Subberglands and intramontane
2143 furrows with beech to spruce forests
on Cambisols

Rendzinas

Very cold high mountains with dwarf
223 pine scrubs to alpine meadows on
Rankers to Lithosols

Source: Orahel’ et al. (2000)
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Fig. 2 — Natural (reconstructed) landscape. Class codes in the legend agree with their codes
in Table 1.

Legend

Nat ural Landscape
12132
E=32133

Source: Orahel et al. (2000)

The next state (condition) of the contemporary landscape was analysed for the
landscape change assessment. Land cover in 2000 was identified by the CLC method
(Heyman et a. 1994). The CLC2000 data layer at the original scale 1:100 000 characterizes
the landscape conditions as affected by the human impact. Land cover represents the
materialised projection of the natural spatial assets (morphopositional and bioenergetic) and
simultaneously that of the contemporary land use — it means objects of the contemporary
landscape recreated (cultivated) or created by society (Feranec, Otahel’, 2001). Twenty-four
classes CL C represent the contemporary landscape of the region Tatras (Tab. 2, and Fig. 3).
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Table 2 — Land cover 2000 (CLC2000). Legend contains only the classes occurring in the
region Tatras; land cover classesin bold print agree with their codes in the tables and figures

(Tables 3, 4 and Fig. 2, 3).

1 Artificia surfaces
11 Urban fabric
111 Continuous urban fabric
112 Discontinuous ur ban fabric
12 Industrial, commercial and transport units
121 Industrial or commercial units
122 Road and rail networks and
associated land
124 Airports
13 Mine, dump and constructions sites
131 Mineral extraction sites
133 Construction sites
14 Artificial, non-agricultural vegetated areas
142 Sport and leisurefacilities
2 Agricultural areas
21 Arableland
211 Non-irrigated arable land
22 Permanent crops
222 Fruit treesand berry plantations
23 Pastures
231 Pastures

24 Heterogeneous agricultural areas
242 Complex cultivation patterns
243 Land principally occupied by
agriculture, with significant areas
of natural vegetation
3 Forest and semi-natural areas
31 Forests
311 Broad-leaved forests
312 Coniferousforests
313 Mixed forests
32 Scrub and/or herbaceous vegetation associations
321 Natural grasslands
322 Dwarf pine scrubs
324 Transitional woodland-scrub
33 Open spaces with little or no vegetation
332 Barerocks
333 Spar sely vegetated areas
4 Wetlands
41 Inland wetlands
411 Inland marshes
412 Peat bogs
5 Water bodies
51 Inland waters
512 Water bodies

Source: Heymann et al. (1994)

Fig. 3 Land cover in 2000 (CLC2000), class codesin the legend agree with those in Table 2.

Source: CORINE Land cover 2000
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Long-term landscape changes were identified by comparison of the data layer
corresponding to the natural reconstructed landscape (Fig. 2) with the LC data layer of 2000
(CLC2000, Fig. 3). Integration of the quoted data layers in one map (Fig. 4) offers the option
to interpret efficiently the development of the landscape. Overlay of databases in the GIS
ArcView environment was used for identification and location of long-term changes in
classes of the natural landscape. Statistical processing of land use in 2000 by natural
landscape classes made it possible to interpret long-term changes and their classification
according to the principa LC classes. The occurrence of urbanized areas (LC classes
comprised of artificial surface — 1xx) in natural landscape classes was classified as
urbanization (urban development); representation of agricultural areas (LC classes 2xx) is
under farming expansion; and representation of forest, wetland and water areas (LC classes
3xx to 5xx) is under forest and water management. Regarding natural landscape potential
analysis, representation of sport and leisure facilities (LC class 142) were identified and
classified separately as the development of recreation (leisure) areas to discern them from
urbanized and technicised areas (urban development). Likewise, representation of forest,
semi-natural areas and wetlands (LC class 3xx and 4xx) was classified as forest management,
while water bodies (LC classes 5xx) were classified as water management (Tables 3 and 4,
Fig. 5).

Table 3 — Long-term landscape changes (urbanization — 1xx, recreation area development —
142, farming expansion — 2xx, forest management — 3xx and 4xx, water management — 5xx)
expressed by area (in ha) of the selected land cover classes (CLC 2000) in natural landscape
classes

CLC (excje-gi(l 42) 142 2XX 3XX-4XX 5xx total
w 2132 2419 0 3358,4 486,9 0,0 4087,1
% 2133 86,6 0 1796,6 732,0 0,0 2615,2
8 2141 3213,6 88,1 5834,7 1197,4 1923,6 12257,4
% 2142 4457,6 304,2 50919,0 | 13165,3 2033,0 70879,1
S 2143 2091,5 661,4 32397,0 | 15950,2 31,2 51131,3
é 2213 321,2 291,1 4104,3 11552,1 25,4 16294,0
E 2222 237,1 34,6 2066,1 2546,7 0,0 4884,5
<Zf 2223 626,7 558,9 21513,0 | 145297,3 151,0 168146,9
223 0 106,0 91,9 45374,2 0,0 45572,0
total 11276,1 2044,3 | 122080,9 | 236302,0 4164,2 375867,6

Sources: own calculations based on the maps of natural (reconstructed) landscape and CLC2000
(Fig. 4)
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Fig. 4 — Natural (reconstructed) landscape and CLC2000, class codes in the legend agree
with those in Tables 1 and 2.

Legend

Natural landscape
areas boundary

312
B 313

Sources: CORINE Land cover 2000 and Orahe/’ et al. (2000)

4. Reaults

Moderately cool basins (Hornédska kotlina basin) with oak-hornbeam to beech forests,
especially terraces and cones covered by loess and loams with oak-hornbeam forests on
Luvisols and Cambisols with 82.2 % of agricultural land changed most in region Tatras,
compared to only 11.9% of forest and seminatural landscape changed (Tab. 4 and fig. 5). Cool
basins with oak to spruce forests (Liptovska, Popradska and Oravska kotlina basins) also
distinctly changed. The largest change into urbanized areas was observed in floodplains
(26.2 %) of the basin Popradské kotlina, and artificial water bodies after construction of the
reservoir Liptovska Mara (15.7 %) are also considered such change. Floodplain forest in this
type represents the smallest share of overall changes (only 9.8 %, Tab. 4 and Fig. 5). Terraces
and cones covered by polygenetic loams with fertile Luvisols in cool basins stand out as areas
that changed into agricultural land (71.8%). The least changed parts in basin and furrow
landscapes were subberglands, where spruce forests cover 31.2 % (Tab. 4 and Fig. 5).
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Table 4 — Long-term landscape changes (urbanization — 1xx, recreation area development —
142, farming expansion — 2xx, forest management — 3xx and 4xx, water management — 5xx)
expressed by percentage of the selected land cover classes (CLC 2000) in natural landscape
classes

cLC (exc]é);;i(l 2) 142 2XX 3XX-4XX 5xX total
W 2132 5,9 0 82,2 11,9 0,0 100,0
& | 2133 3,3 0 68,7 28,0 0,0 100,0
S |2141 | 262 0,7 476 9,8 15,7 100,0
S 2142 6,3 0,4 71,8 18,6 2,9 100,0
S (2143 ] a1 13 63,4 31,2 0,1 100,0
E’ 2213 2,0 18 25,2 70,9 0,2 100,0
S [2222 4,9 0,7 42,3 52,1 0,0 100,0
< | 2223 0,4 0,3 12,8 86,4 0,1 100,0
223 0 0,2 0,2 99,6 0,0 100,0

total 3,0 0,5 32,5 62,9 1,1 100,0

Sources: own calculations based on the maps of natural (reconstructed) landscape and CLC2000
(Fig. 4)

Fig. 5 — Long-term landscape changes (urbanization — 1xx, recreation area development —
142, farming expansion — 2xx, forest management — 3xx and 4xx, water management — 5xx)
expressed by percentage of the selected land cover classes (CLC 2000) in natural landscape
classes

%

B 1xx (except142)
H142
[ 2xx

Bl 3xx-4xx

B 5xx

2132 2133 214 2142 2143 2213 2222 2223 223 total

Natural landscape classes

Sources: own calculations based on the maps of natural (reconstructed) landscape and CLC2000
(Fig. 4)

The cold promontories represent the special type of the mountainous natural
landscape and plateaux with spruce forests on Cambisols (2213, Fig. 2 and 4), where
Tatranské podhorie is important due to its therapeutic functions (climatic spa). It also contains
the majority of sport and leisure areas and facilities (1.8% of the overall area of the type).

The moderately cold uplands to highlands (2222) where there is 5.6 % of urbanized areas
including 0.7 % sport and leisure facilities were most changed. The share of agricultural land
is aso important, asit occupies 42.3 % (Tab. 4 and Fig. 5).

Cold uplands to highlands with spruce forests on Cambisols, where urbanized areas
and leisure facilities cover 0.4 % and 0.3 % respectively, were relatively little changed.
Agricultural areas account for 12.8 % (Tab. 4 and Fig. 5).
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Type of very cold high mountains, with dwarf pine scrubs to apine meadows on
Rankers to Lithosols (223), in the most elevated positions of the Carpathian Arch in Slovakia,
changed the least. Only 0.2 % of their area corresponds to leisure facilities and 0.2 % is
covered by pastures. Relatively original types of high-mountain spruce woods, dwarf pine
scrubs, alpine meadows, sparsely vegetated areas, and bare rocks occupy more than 99 %.
Alpine meadows were used as pastures in the past. Today they are out of use and they were
classified as natural grassland, pursuing the CORINE land cover criteria.

5. Discussion and conclusion

Region Tatras, with the highland and high-mountain landscape, is relatively the least changed
region of Slovakia, in contrast to the surrounding basins, where settlements and socio-
economic activities concentrate.

Construction of water reservoirs Liptovska Mara and Orava (3956.6 ha of water
bodies in 2141 and 2142 natural landscape types, Tab. 3) has caused big and rather positive
changes, because they control water discharge and provide an important impulse for
recreation activities in the sub-mountain regions Liptov and Orava. Human impact manifested
above all in the 19" century and at the beginning of the 20" century, in the period when
pasturing thrived on the apine meadows of the deforested slopes of the Low Tatras. At
present, grazing above the upper timberline is rather rare, also due to the reduced state
subsidies to agricultural production. High pressure on the high-mountain landscape is the
result of great interest of the public in winter recreation, precisely in high mountains. It is the
task of Nature and Landscape Protection to observe a strict zoning policy, defined by
conservation categories, when planning construction of new sport and leisure facilities above
al in the high-mountain National Parks TANAP and NAPANT. Urban development can be
regulated in the Tatra foreland in harmony with the unique functions of the local climatic spa,
which, of course, also concerns the accompanying logistics. As far as short-term changes
(1990 and 2000) are concerned, they were minor in the high-mountain landscape and are
connected with forestation, and especialy with natural overgrowing of the original pastures
up to the upper timberline, or deforestation after wind calamities. Expansion of urban fabric
and sport facilities was not observed. Only the 2004 windstorm altered the situation, as the
damage caused by it was considerable above al in the area of the Tatras.

Long-term changes suggest the interest of the society in the landscape; long-term
verification of suitability attributed to the landscape potential, efficiency of the self-regulating
capacity of the landscape and stability of its functional properties.

The paper is one of the outputs of the Project No. 2/7021/7: “ Structure of the rural landscape:
analysis of the development, changes and spatial organization by application of the CORINE land
cover databases and the geographical information systems’ pursued at the Institute of Geography of
the Sovak Academy of Sciences, supported by the VEGA Grant Agency; the joint research project No.
SK-BUL-01706 “ Spatial Analysis and Assessment of Landscape Structure and Changes in Selected
regions of Sovakia and Bulgaria Based on Remote Sensing Data for the period 1990 — 2006"
supported by the Sovak Research and Development Agency and the Bulgarian National Science
Foundation, and the joint research project “ Changes of the rural landscape in Sovakia and Bulgaria
in 19902000 identified by application of the CLC data” between the Sovak Academy of Sciences and
the Bulgarian Academy of Sciences.
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Abstract

Throughout the 18" and 19™ centuries, Central European agriculture changed deeply. New cultures
such as leguminous fodder plants, a better use of manure and the upcoming use of artificial fertilizers,

widespread draining of marsh lands, cultivation of the fallow fields, and privatization of the common
fields put agriculture on a completely new basis. In an interdisciplinary PhD project, we are analyzing
the landscape change triggered by the agrarian modernization in the Swiss canton of Berne and weaim
at assessing its ecological dimension. The innovations affected the lowland zone (mainly grain
cultivation), the transitional zone, and the Alpine valleys of the canton of Berne (mainly dairy farming)
in different ways. To what extent the agricultural modifications contributed to landscape change in the
various zones, is determined based on indicator-elements such as marsh lands, pastures, acers, hedges
etc. Their frequency and distribution over the study period is assessed from various sources, such as
topographical maps, written documents, and landscape paintings — the respective source-availability
for the study area is excellent. The paper outlines a multi-source approach, making historical

landscape reconstruction valuable for a detailed ecological interpretation.

Preliminary remark

Our reseach project is realized in close cooperation between the Swiss Federal Research
Institute WSL (therein namely the research unit, Land Use dynamics) and the University of
Berne (namely, the Institute of History and the Institute of Geography). As the project is
ongoing, this paper focuses on a general outline of the research approach, the study design,
and a few preliminary results.

1. Introduction
1.1 Study area

The canton of Berne s, with its 6000 square kilometres, the second biggest of the 26 cantons
in Switzerland. Concerning topography, the canton of Berne encompasses parts of the Swiss
Lowlands in the north of the canton and hilly prealpine zones as well as Alpine Zones in the
southern part (see fig. 1). This considerable natural diversity partly shaped the diversity of
agrarian systems in the canton of Berne—there were, and there are until now, different
agrarian zones (seefig. 2). In 1850, there was a zone dominated by viticulture, another by the
cultivation of cereal, and high up in the Alpine valleys, dairy farming and cattle breeding
prevailed. Between them, there were two mixed zones with different shares of cultivation of
cereal and dairy farming (Pfister, 1989). Agrarian zones also differ in settlement structure; in
the lowlands closed villages predominate, while in the Bernese Oberland isolated farms are
scattered all over the valleys.
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Fig. 1 — Canton of Berne

Legend
Bl Viniculture

[1 cultivation of cereal

. Cultivation of cereal,
milk production

Dairy farming,
[ cattle breeding,
cultivation of cereal

B Dairy farming,
cattle breeding

Source: Pfister (1995)
1.2 Modernization of Agriculture

In 1759, the Economic Society in Berne was founded. This year can be seen as a starting point
concerning the modernization of agrarian production in the canton of Berne, although there
was of course some development before. The members of the society developed a program of
economic modernization for the canton of Berne, and because they saw Agriculture and not
commercial business as crucial for getting a richer country, they wanted to raise agrarian
production (Erne 1988, Lowood 1987). In their well distributed journal, the opinion leaders of
the Economic Society criticized badly maintained forests, big marshes and wetlands which
should be drained, insufficient irrigation, common land that brings only little yield,
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inadequately used acers, and "exhausted" meadows. They even said they were explicitly
offended by the fact that farmers did not make the most of the given natural resources. This
completely utilitarian thinking is very typical for the age of Enlightenment and, according to
historians like GUnther Bayerl, it was the starting point of the later abuse of natural resources
(Bayerl 1994). The list of critized agricultural practices makes clear that the promoted
modernization of agriculture was going to have a deep impact on landscape.

But how did agriculture actually get modernized within this period? There was a
whole range of innovations, positively related in a self-reinforcing process. On the one hand
there was importation and diffusion of new crops, such as different species of clover (for
example: sainfoin). The introduction of clover allowed farmers to give up the fallow land
within the three year turn in three field system; the fallow land was now cultivated with clover.
On the other hand, the feeding of cattle indoors during the whole summer, as well as the
construction of underground reservoirs for collecting dung water, enabled a better fertilization
of the soil. Then, regarding the possession of land, the formerly common lands were
privatized and given free for individual cultivation; often potatoes were planted there.
Industrially produced draining tubes were another innovation with far-reaching consequences
that spread in the canton of Berne since the 1860's. They made draining much less expensive.
First artificial fertilizers with phosphorus and potash were imported from Germany by railway.
And furthermore, the first machines for seeding and threshing emerged. It becomes clear that
Agriculture, concerning these innovations, benefitted from the new technological style based
on fossile energy (Pfister 1995, Pfister 1983, Bairoch 1989, Sieferle et al. 2006).

2. Design of the Study
2.1 Interdisciplinary Framework

Our research project is based on an interdisciplinary framework. It has a firmly
interdisciplinary character, linking Landscape History closely to Agricultural History under
the perspective of Historical Ecology (Russel 1997). Moreover, we use methods and findings
of other disciplines such as Historical Geography (Schenk 2003), Regional History (Pfister
1995), Vegetation History (Rackham 1996) and—uwith the analysis of accuracy of landscape
paintings—al so the History of Art (Boerlin-Brodbeck 1999).

2.2 Landscape Elements

We apply the concept of landscape elements. They are understood as the smallest components
of landscapes in functional and visual respect, or as items in the appearance of the landscape
area (Forman and Godron 1986). To sharpen our analysis, we focus on landscape el ements
linked to Agriculture and especially on those linked to Agrarian Modernization. Analytically
they can be divided first into spatial elements such as cultivated acers, potato acers or fallow
acers with no cultivation, secondly into linear elements such as hedges, acer's boundaries or
fences and thirdly into point elements such as fruit trees or marl pits. But we do not consider
the construction of new fortified roads, railway lines, industrial settlement areas or other
elements with no link to agrarian modernization.

2.3 Sources
Where do we gain the information about frequency of the mentioned landscape elements? As

already said, our research project is characterized by its multi-source approach. It aims at a
sound combination of different types of sources, as follows. (1) Documentary data: There are

MAN IN THE LANDSCAPE ACROSS FRONTIERS — IGU-LUCC CENTRAL EUROPE CONFERENCE 2007 — PROCEEDINGS 148



alot of topographical reports of districts and municipalities, written by local scholars such as
priests, describing the local agrarian system and land-use. These reports were gathered by the
Economic Society of Berne. (2) Landscape paintings: We have a lot of touristic landscape
paintings of the Alpine zone (see fig.3). For the lowland zone we also have some paintings,
because landowners had them made as an act of prestige. (3) Statistical data: The economic
history of the canton of Berne is very well recorded statistically. There exists an impressive
database containing data, for instance, concerning the number of heads of cattle or tons of
earned crop for each district (Pfister et al. 1995). (4) Maps. Especialy for the Lowland zone
there are many local plans depicting the different sections of land and forest use in the
municipality. These plans often give very detailed information. So one may state that the basis
for detailed landscape reconstruction is very good in Berne. It is comparable to the material
that was used for Ecker et a. (2000).

Fig. 3— Painting by Heinrich Rieter, 1812, Interlaken / Lake of Thun

Source: Heinrich Rieter: "Embouchure deI'Aar danslelac de Thoun, peint par H: Rieter." Coloured etching,
36.7 x 58.5 cm. Swiss National Library, Bern, collection of R. und A.Gugelmann. Imprinted in SCHWALLER,
Marie-Louise (1990): Anndherung an die Natur. Schweizer Kleinmeister in Bern 1750-1800. Bern, p. 73.

MAN IN THE LANDSCAPE ACROSS FRONTIERS — IGU-LUCC CENTRAL EUROPE CONFERENCE 2007 — PROCEEDINGS 149



Source: Kirchgemeinde Muri/BE -1812". Berne State Archie, signatory AA 1V Bernl) N

2.4 Resear ch programme

We foresee four steps of analysis applying different approaches to historical landscape change.
(1) We have aready prepared a panorama of all rural landscape elements and then identified
their function in the process of agrarian modernization. This allows us to bring together
interesting, but disparate information about the elements in a manifold picture of the historical
landscape, where beautiful landscape paintings serve as an invaluable illustration. (2) We are
currently analyzing the spatial and temporal occurence of the most important landscape
elements. We plan to make quantitative statements drawn mainly from statistical data. For
example we want to determine the amount of privatized common fields and to estimate the
amount of hedges cut down. (3) We plan to perform two or three case studies, considering the
different agrarian zones in the canton of Berne. Historical maps will be the basis for this step
and they will be fitted into a GIS. The aim is to reconstruct in detail the landscape status at
severa pointsin time over the study period from 1750 to 1914, namely at two or three points
in time depending on data situation (Bender et al. 2005).

(4) Finaly, these three different approaches to landscape change will be brought
together. They will reveal a much more vivid view of the historical landscape than one single
approach would have afforded. We will assess the ecological dimension of the observed
landscape change, therewith taking up a topic that recently came up in History (Ditt,
Gudermann and Russe (eds.) 2001). It will be important to reflect the economic and societal
context of agrarian modernization. Finally, there is a perspective within the Research Group
Land Use History at WSL to extend one of my case studies by an investigation of the
Landscape change during the whole 20th century, including the present situation.

3. First results and Discussion

We will paraphrase some first results concerning the landscape consequences of agrarian
modernization in the years 1750 to 1914. There can be observed an extension of cultivated
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area at the expense of formerly "semi-natural” areas, mainly due to the boom of draining
wetlands in the 19th century. Predominantly, these were small projects, here one hectar, there
three hectars, that sum up to a considerable amount—during the 19" century, aready the
sixteenth part of the canton of Berne was drained.

We aso face an extension of intensively used areas at the expense of formerly
extensively used areas. Common lands which formerly were only used as atemporary pasture,
and which were not fertilized due to lack of manure, now got converted into fertilized potato
cultures or meadows. Much more organic manure and first artificial fertilizers allowed an
intensified fertilization. There was a partia cutting down of shrubs and hedges. Many
irrigated meadows disappeared and gave way to fertilized meadows. And small landscape
elements such as pits and holes got lost.

Many single moderate changes summed up and resulted in a profound and large-area
landscape change. These were mostly slow processes, without spectacular changes. But little
by little the uncultivated areas got reduced, somehow wasteland and parcels with much weed
disappeared, acers got denser and shifted to an uninterrupted cultivation of the soil with crop.
But they were not always silent processes. We know, that, already in the 19th century people
realized that with the hedges, aso many birds disappeared, which caused an increase of
harmful insects. And people redlized that the dung water reduced species richness in the
meadows.

Regarding the differentiation between the agrarian zones, we can say that the
Lowlands with dominant cereal cultivation faced the deepest landscape change because the
rigid three-field system was broken up. It got greener because of an increasing share of
meadows. In contrast, in the Alps, the situation remained more stable. The cultivation of
cereals was given up and there was better fertilization on the mountain pasture. There were
efforts to clear them from bushes and stones, and we also see draining efforts even high up in
the mountains. We have to consider that the Alpine zone had been a very dynamic zone in the
centuries before and had anticipated some developments (Mathieu 1996).

4. Conclusion

Modernization of Agriculture was one of the most important driving forces of landscape
change within modern times, during the last three centuries. The dramatic landscape change
linked to Agriculture that happened in the 20th century is everywhere recognized and well
known. The focus of our work is on the emergence of modern agriculture in the 18th and 19th
century. Modernization of agriculture already caused profound landscape change in the 18th
and 19th century, modified natural habitats and had a significant impact on flora and fauna.
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