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Abstract Many studies of land-cover and structural
changes in cultural landscapes have used historical
maps as a source for information about past land-
cover. All transformations of historical maps onto
modern coordinate systems are however burdened
with difficulties when it comes to accuracy. We show
that a detailed land survey of the present landscape
may enable transformation of an old cadastral map
directly onto the present terrain with very high
accuracy. The detailed resulting map enabled us to
locate remnants of semi-natural grasslands and man-
made structures with continuity from 1865 and to test
hypotheses about relationships between landscape
changes and landscape characteristics. The main
land-cover change 1865-2002 was decrease of arable
fields, and addition of three new land-cover classes:
horticultural, orchard and abandoned areas. Of the
330 man-made structures present in 1865, only 58
remained in 2002, while 63 new structures had been
built after 1865. We found that semi-natural grass-
lands with continuity since 1865 were situated on
ground with significantly lower production capacity
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than mean 1865 production capacity. The man-made
structures with continuity since 1865 were also asso-
ciated with areas with significantly lower production
capacity than the 1865 mean, situated in significantly
steeper terrain but not further from the hamlet. Our
study illustrates the potential of digitised and accu-
rately transformed historical cadastral maps combined
with detailed field surveys for analysis of land-cover
and structural changes in the cultural landscape.
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Introduction

For centuries land use has interacted with physical
geographical features to form the present cultural
landscape. The European cultural landscape, includ-
ing the Scandinavian, has changed dramatically
during the second part of the 20th century (Bastian
and Bernhardt 1993; Thse 1995; Fjellstad and
Dramstad 1999). Generally, these rapid landscape
transformations are caused by intensified use of
agricultural land and increasing abandonment of
marginal areas (Fry and Sarlév-Herlin 1997;
Haines-Young et al. 2003). The reduced diversity
of traditional landscape elements (Kienast 1993;
Norderhaug et al. 2000; Jongman 2002), generally
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causes negative consequences for many of the
organisms living there (Benton et al. 2003; Luoto
et al. 2003; Poschlod et al. 2005), as well as for
biological values and cultural heritage (Fry et al.
2004; Daugstad 2005).

The intensification process also threatens man-
made remnants of farming activity, e.g. dry-stone
walls, terrace walls and clearance cairns (Kristensen
1999; Austad and @ye 2001; Daugstad 2005). Even
though these structures may be of crucial importance
to the existence of small biotopes and may represent a
rich source of material for archaeologists (Pedersen
1990; Austad and @ye 2001), they are often
neglected. Unfortunately, both tracing, age determi-
nation and evaluation of man-made structures are
difficult (Austad and @ye 2001; Domaas et al. 2003).

In many countries large collections of maps on
different scales exists (e.g. Kain and Baigent 1992;
Kienast 1993; Cousins 2001; Vuorela et al. 2002),
and often studies of landscape changes have been
based upon digitised historical maps (e.g. Pirtel et al.
1999; Cousins 2001; Domaas et al. 2003; Bender
et al. 2005b). In Norway the most extensive material
of historical maps is made up by the cadastral maps
constructed after the 1857 Land Consolidation Act,
which brought about an extensive reorganization of
agricultural areas. Because of large scale (1:2000)
and very detailed land-cover information, digitised
cadastral maps offer a unique possibility for use of
GIS (Geographic Information Systems) for detailed
spatial and temporal analysis of land-cover and
structural changes.

A major problem of old cadastral maps in land-
scape change studies, compared to modern maps, is
the frequent lack of precision in detail (geometrical
irregularities). To enhance their usefulness they must
be transformed onto a modern coordinate system.
Different methods exist for such transformations (e.g.
Pirtel et al. 1999; Cousins 2001; Domaas 2005), but
a common challenge is obtaining enough common
information on the historical and modern maps to
validate the transformation statistically (Vuorela
et al. 2002).

However, if a thorough field survey is performed,
the problem can be reduced or circumvented, but
transformation based on such an approach has so far
almost never been done (Domaas et al. 2003). A
thorough field survey also provides additional infor-
mation on for example man-made structures and
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environmental characteristics, and therefore makes
possible a more detailed analysis of landscape changes.

The Norwegian mid-19th century cadastral maps
do not only provide information on land cover but also
provides detailed assessments of production capacity
for the different patches. The relation between
landscape change and different environmental land-
scape features have repeatedly been studied (Cousins
2001; Peppler-Lisbach 2003; Hietel et al. 2004;
Bender et al. 2005b). However, few studies has
focused on the relation between landscape changes
and production capacity (Bender et al. 2005a,b;
Domaas 2007). Contemporary landscape change typ-
ically concerns the fragmentation or abandonment of
remnants of semi-natural grassland (Norderhaug et al.
2000; Luoto et al. 2003; Hodgson et al. 2005). They
are situated on too steep or too shallow ground to
allow use of modern machinery, or they are too small
or situated too remote to make cultivation profitable
(Losvik 1988; Kristensen 1999; Cousins 2001). Thus,
we may expect that remnant grassland patches are
now situated on areas that had lower production
capacity than the mean for all grasslands that existed
at the time of land consolidation. Moreover, we may
also assume that the remnant man-made structures in
the present landscape are best preserved in areas less
suited for agricultural intensification. In addition,
areas with low production capacity at the time of land
consolidation should hence be situated on steeper
terrain and further from the hamlet.

A large number of studies have used GIS for
analysing land cover changes and presentation of
maps from different time-points, in order to visualize
landscape dynamics (e.g. Pirtel et al. 1999; Cousins
2001; Bender et al. 2005b). Statistical testing of
landscape change patterns based upon GIS informa-
tion is, however, rarely seen. We are not aware of any
study in which relationships between production
capacity, man-made structures and landscape changes
have been statistically tested.

Our study is based upon an old cadastral map,
a field survey of the present landscape and GIS,
and aim to: (1) develop a method for detailed
spatial analyses of landscape changes; (2) quantify
and analyse land-cover changes since the time of
land consolidation until present; and (3), perform
statistical testing of relationships between landscape
structural changes and production capacity, terrain
slope and distance from hamlet. We specifically
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address the relationships between old (with continuity
since the land consolidation) semi-natural grasslands
and man-made structures and the production capacity
at that time point. Also, the occurrences of these man-
made structures and slope or distance from hamlet are
analysed.

Materials and methods
Study area

The study took place at Ornes in Lustrafjorden, the
inner part of Sognefjorden (Fig. 1). The study area is
43 ha. It covers the part of the Ornes area that was
included in the 1865 land consolidation process and
is therefore covered by the cadastral map.

Archaeological findings date the first farming
activity at Ornes to BC 1940-1490 (Lia 2005). The
focal point of the Ornes landscape is Urnes stave
church, the oldest remaining stave church in Norway
and one of eight Norwegian sites on the UNESCO
World Heritage List.

The cadastral map

The study area is covered by a cadastral map dating
back to 1865, drawn to scale 1:2000 (Fig. 2). The

Fig. 1 Ornes is located in
Sogn og Fjordane county,
western Norway

cadastral map provides detailed information about
land-cover, but also indicates point elements such as
buildings and clearance cairns and linear elements
such as roads, foot paths, dry-stone walls, fences and
streams. All elements are represented as polygons on
the digitised cadastral map. All the small elements
such as stone-walls and clearance cairns are indicated
with different shape and sizes on the cadastral map,
and we assume that they are drawn in their real size.
Overlay analyses of the cadastral map and the 2002
map based on the present terrain confirms this by
showing nearly total overlap for big stones present at
both times. The written protocol associated with the
cadastral map provides additional information on
ownership and production capacity for each land-
scape patch. All patches had a particular owner in
1865, included the different parts in the clustered
hamlet. In 1865 all patches, except farmyards and
roads were indicated as arable land or meadow,
and arable land was used for crops. Production
capacity was used to classify land patches according
to estimated productivity, to balance for each farmer
the value of land lost and land gained by land
consolidation. The scale used for assessment of
production capacity is unique for each land area
subjected to land consolidation, i.e. for each cadastral
map. At Ornes, production capacity was divided into
46 classes on a fraction scale from 1 to 300, with 1 as
the best and 300 as 1/300 of the best. The most
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Fig. 2 The 1865 cadastral map of the infield areas of Ornes (Nitter and Uchermann 1865). The scale of the enlarged part is the same

as on the original cadastral map

valuable areas (tilled fields and high quality hay
meadows) were finely divided, so that 17 steps were
used for quality classes between 1 and 2, while only 7
steps were used to divide the range 50-300.

The cadastral map was digitised using the software
PC ArcInfo for Windows (Anonymous 1994). In
order to retain the detailed information on point, line
and polygon features, we digitised the map objects
in vector format (Domaas 2005). ArcView GIS
(Anonymous 1996a) was used for displaying and
analysing map files.

The 2002 situation

A complete field survey using a total station was
performed in 2002 with an accuracy of 10 cm
(A. Lerum pers. comm.). A total station is an optical
instrument used in modern surveying. It is a combina-
tion of an electronic theodolite, an electronic distance
measuring device and software running on an external
computer. Our survey included all man-made structures
and terrain structures. A vector map of the present
landscape was then constructed on the background of
the field survey accompanied by additional digitised
information from the existing @K (economic map) of
the area (scale 1: 5 000) and for some parts, large scale
maps (1:1 000) constructed by the Norwegian Public
Roads Administration. The @K map is based on an
aerial photograph from 1964, and the coordinate system
used is NGO1948. All man-made structures were
surveyed and presented on the map as polygons.

@ Springer

The restricted size of the area also made possible a
detailed mapping of land-cover. Aided by the
surveyed structures and the present farm boundaries,
also this theme was digitised to form a land-cover
map for 2002. We used a simplified classification of
nine land-cover classes used: arable field, grassland,
farmyard, roads and paths, field boundaries and
remnants, church and churchyard, horticulture, orch-
ard and abandoned. The classes are the same as on the
cadastral map, except for the three last ones that were
not present in 1865.

In 1865, grassland was predominantly semi-
natural meadows with traditional management, i.e.
grazing in spring and autumn and mowing once quite
late in the summer (Losvik 1988). The class grassland
used for the 2002 map is more broadly delimited,
and included meadows cultivated (i.e. being ploughed
and sawn with new grass) every 5-7 years, cultivated
meadows older than 10 years and pastures.

Grassland present in the 2002 landscape as not
cultivated or fertilised with mineral fertiliser since
1865 represent a subgroup called semi-natural grass-
land with continuity since 1865. Presence of
grasslands on an area in 1865 and 2002 does not,
however, provide a guarantee for continuity of semi-
natural grasslands at the site. There exist no map
between 1865 and 1964. We have, however, corrob-
orated our findings by interviewing the farmers, who
have knowledge about management practices that
date back at least to 1945. In Norway, as in many
other European countries, the most intensive agricul-
tural development started after 1945 (Ihse 1995;
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Kvamme et al. 1999; Bender et al. 2005a), and we
confidently assume that the status of areas in 1945 as
not cultivated or fertilised reflected their former
history of use as well. Moreover, they are located in
marginal areas not very suitable for intensification.
Also aerial photos from 1960 and 1984 have been
studied, and the chosen areas were uncultivated semi-
natural grasslands also at these time-points.

We delineated farmyards in the border to the
surrounding arable land at both time-points. The class
field boundaries and remnants include man-made
structures, outcrops and the small areas of seashore
both in 1865 and 2002. We assumed that ploughing
and mowing were performed close to field boundaries
in 1865, and the size of the field boundaries and
remnants constitute the size of the polygons. Field
boundaries and remnants in 2002 are also polygons,
delimitated from the surroundings where cultivation
starts. This delineation is performed by the help of the
land survey and measurements afterwards. Other
areas not in use today, varying from relatively open
land to secondary forests, are classified as abandoned.
Because 1865 is around the peak in production in the
study area (Timberlid 1988), we assume that no areas
were abandoned in 1865.

Map transformation

The digitised 1865 cadastral map was transformed
onto the coordinate system NGO1948 to enable
comparison with the 2002 land-cover map. The
transformation was performed in PCArcInfo (Anon-
ymous 1994) using the affine transformation as
described by Domaas (2005), with an improvement.
The transformation was carried out using common
points on the cadastral map and in the present
landscape, instead of common points on the two
maps. As many as sixteen points that certainly were
the same in the present landscape and on the 1865
cadastral map was found. The even distribution of
these points made them well suited for transforma-
tion. The transformation accuracy in this case is
based on recalculations of the RMS-error for each
point into one single positive value and their standard
deviation distribution. In this study the standard devi-
ation for the transformed cadastral map turned out to
be 1.7 m, which is better than the standard of 2 m set
by the Norwegian Mapping Authority, SOSI v. 3.1

for @K (Statens kartverk 1999). Domaas (2005) has
suggested that (with this type of transformation) the
minimum width of an object that can be distinguished
and the minimum distance between two objects that
can be separated can be defined as the SD, and the
minimum area we are able to define is SD”.

Land-cover changes and changes in man-made
structures

Analysis of land-cover changes from 1865 until 2002
were performed in ArcView GIS (Anonymous
1996a). Man-made structures existing in 1865, in
2002, and in both years were identified by compar-
ison of the two maps by overlay analysis. Due to the
land consolidation a lot of man-made structures were
founded after 1865, and many of these are expected
to have disappeared before 2002, thus escaping the
survey. In this study we focused on three types of
structures closely related to meadows and arable
fields: dry-stone walls, terrace walls and clearance
cairns.

Changes in relation to production capacity,
slope and distance from hamlet

A randomization (Monte Carlo) approach (Legendre
and Legendre 1998) was performed in Lotus 123 Ver.
9.8 to test the following 4 hypotheses: (1) The semi-
natural grasslands [present in the landscape today]
with continuity from 1865 (n =27) has lower
production capacity than the mean for all grasslands
that existed in 1865 (n = 314); (2) the man-made
structures [present in the landscape today] with
continuity from 1865 (n = 58) are situated on land
with lower production capacity than the mean for all
man-made structures found in 1865 (n = 330); (3) the
man-made structures with continuity from 1865 are
situated in steeper terrain than the mean for all man-
made structures found in 1865; and (4), the man-
made structures with continuity from 1865 are
situated further from the hamlet than was the mean
for all man-made structures in 1865.

We calculated the production capacity associated
with each man-made structure as the mean of pro-
duction capacities for their bordering land patches,
weighted by their length. Mean values for production
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capacity were calculated after transforming the scale
by multiplication with 1/x where x is the production
capacity. We derived a 3D model of the landscape
from the contour lines from @K using ArcView 3D
Analyst (Anonymous 1997). Then slope was calcu-
lated, set equal to the angle of inclination of the
surrounding terrain. The distance from the hamlet
was calculated from a fixed point in the middle of the
hamlet, to a point in the middle of the man-made
structure, using ArcView Spatial Analyst (Anony-
mous 1996b).

For all hypotheses, we first calculated the observed
mean My for the variable with continuity from 1865.
Next, 9999 random sub-samples, with 27 observa-
tions for hypothesis 1 and 58 observations for
hypothesis 2, 3 and 4 were drawn from the entire
sample (n = 314 and n = 330, respectively), and the
mean M, calculated for each. The significance P of
the test against one-tailed alternative hypotheses was
obtained by counting the number s of sub-samples for
which M; < Mg: P = 0.0001*(1 + s).

Results

Land-cover changes

By 1865, complex strip farming had created a mosaic
of grassland (61.2%) and arable field (30.9%) patches

[ Jarable
[ ] grassland

[ ] field boundaries and remnants
[ church and churchyard
[ farmyard

[ roads and paths
[ ] abandoned
[ ] horticulture
I orchard

0

that differed with respect to size and production
capacity (Fig. 3, Table 1). The total number of
patches was 459. By 2002, the number of patches
in active use was about 60, and each patch was on
average much larger than in 1865 (Fig. 3).

The dominant pattern of land-cover change was
the decrease of arable fields, from 13.34 ha in 1865 to
0.27 ha in 2002, and the addition by 2002 of the three
new land-cover classes; horticulture, orchard and
abandoned, comprising 7.6%, 7.9% and 23.8% of the
total area, respectively (Table 1). A major part of the
former arable fields had become grassland (47.6%),
while 15.3% had become horticultural areas, 9.6%
orchards and 12.1%, mostly situated in the peripheral
parts of the area, had been abandoned by 2002
(Fig. 3, Table 2).

In 2002, grassland was still the dominating land-
cover type, covering 36% of the land area, followed by
abandoned land (23.8% of the total area). A large part
of the area covered by grassland in 1865 had, however,
become abandoned by 2002 (36.8%; Table 2). Aban-
doned areas were mostly located in the outermost parts
of the infield (Fig. 3). Of the 26.4 ha with grassland in
1865, only 5.2% remained in the present landscape in
2002, neither cultivated nor subjected to mineral
fertilisation during the years (Table 1).

The area of field boundaries and remnants was
nearly doubled from 1865 to 2002, from 2.23 ha to
4.02 ha (Table 1).

Fig. 3 The distribution of different land-cover classes at Ornes in 1865 and 2002. The enlarged part in Fig. 2 is indicated on the

maps
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Table 1 The total area of land-cover types given in ha at the two time points
Total area 1865 2002
43.12 ha % 43.12 ha %

Arable field 13.34 30.9 0.27 0.6
Grassland 26.39 61.2 15.51 36.0

Grassland with continuity since 1865 2.26 52
Church and churchyard 0.07 0.2 0.14 0.3
Farmyard 0.80 1.9 271 6.3
Roads and paths 0.29 0.7 1.27 3.0
Field boundaries and remnants 223 52 4.02 9.3
Horticulture 3.28 7.6
Orchard 342 7.9
Abandoned 10.24 23.8

Table 2 Transition matrix showing proportional land-cover changes from 1865 to 2002. The largest transition probability in each

column in bold-faced types

Land-cover type 1865 1 2 3 4 5 6 7 8 9
2002

1 Arable field 0.014 0.003 0 0.008 0.003 0 0 0 0
2 Grassland 0.476 0.330 0.084 0.271 0.218 0 0 0 0
3 Farmyard 0.054 0.052 0.495 0.054 0.094 0 0 0 0
4 Roads and paths 0.021 0.032 0.156 0.111 0.014 0 0 0 0
5 Field boundaries and remnants 0.063 0.096 0.209 0.297 0.172 0.040 0 0 0
6 Church and churchyard 0.002 0.001 0 0 0 0.960 0 0 0
7 Horticulture 0.153 0.045 0.015 0.033 0.020 0 0 0 0
8 Orchard 0.096 0.074 0.026 0.004 0.068 0 0 0 0
9 Abandoned 0.121 0.368 0.016 0.222 0.410 0 0 0 0

Changes in man-made structures

Overlay analyses showed that of the 330 man-made
structures present in 1865 in the form of clearance
cairns, dry-stone walls and terrace walls (Fig. 4),
only 58 of these remained in the 2002 landscape,
while 63 had been added, giving a total number of
121 (Fig. 4). About one half of the man-made
structures with continuity from 1865 were situated
on areas still in use in 2002.

Changes in relation to production capacity,
slope and distance to hamlet

The mean production capacity of 1865 arable
fields according to assessments made during the

construction of the cadastral map was 1.60, corre-
sponding to 20.57 for grasslands. This shows that the
patches regarded as most productive (compare
Figs. 3 and 5) were used for arable crops.

The randomisation test confirmed our hypothesis
that grasslands with continuity since 1865 were
situated on areas with production capacity lower
than the mean for grasslands in 1865 (P < 0.0001).
The second hypothesis, that man-made structures
with continuity from 1865 till 2002 occurred on land
with lower production capacity than was generally
the case for land with man-made structures in 1865,
was also confirmed (P = 0.018). These man-made
structures were situated in significantly steeper terrain
than was generally the case for man-made structures
in 1865 (P = 0.038). However, they were not situated
significantly further from the hamlet than was
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Fig. 4 The distribution of man-made structures (dry-stone walls, terrace walls and clearance cairns) at Ornes in 1865 and 2002. In
the 2002 map, structures with continuity since 1865 are red. The enlarged part in Fig. 2 is indicated on the maps

generally the case for man-made structures in 1865
(P =0.4206).

Discussion
Map transformation and accuracy

We demonstrate that a detailed and large-scaled
digitised cadastral map can be transformed onto a
modern coordinate system by means of a detailed
field survey of the present landscape, with better
precision than demanded for modern maps at similar
scales. This means that the limiting factor for
accuracy in this case is the @K map, not the cadastral
map. The accuracy is achieved by transforming the
cadastral map to the present terrain and by access to
evenly distributed common points in 1865 and 2002.
Earlier transformations of historical maps, at scales
similar to those of Norwegian cadastral maps, have
been performed in different ways, but always under
the assumption that the modern map is the ground
truth (e.g. Pirtel et al. 1999; Cousins 2001; Vuorela
et al. 2002; Domaas et al. 2003). Our results suggest
that transforming directly to the present terrain is
preferential to transformation to modern maps
because the uncertainty in modern maps is avoided
when past and present are connected. The general
problem of finding enough common points on the
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historical and the modern map (e.g. Pértel et al. 1999;
Vuorela et al. 2002) was avoided in our study area,
because of the great detail of the old cadastral map
and the hilly landscape.

Our study confirms that appropriately digitised and
transformed historical cadastral maps combined with
a detailed field survey may be very useful in
identifying old man-made structures. The resolution
of a dataset defines the smallest feature that can
be resolved or separated into its constituent parts
(Clarke and Clark 1995). To separate different man-
made structures in areas where they occur densely,
increased accuracy is of crucial importance. It also
enables an evaluation of whether or not parts of man-
made structures have been altered (Domaas et al.
2003).

Our transformation method has one drawback: it is
time-consuming. Even with a study area as small as
43 ha, the total field survey took about 200 working
hours, in addition to the time-demanding process of
digitising the old cadastral map. However, data from
the field survey are useful not only for the transfor-
mation, but also for Ilocating old man-made
structures. For this purpose, the @K map based on
interpretation of aerial photographs provides insuffi-
cient information, because some of the existing
structures are not mapped. In general, maps based
upon aerial photography tend to contain less infor-
mation on site-specific land properties than the older
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Fig. 5 Production capacity
for the different patches at

Ornes in 1865. The enlarged
part in Fig. 2 is indicated on
the map
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generation of maps based on ground surveys (Vuorela
et al. 2002).

Land-cover changes

The observed land-cover changes (reduction in
number and an increase in average size of the
landscape patches) following the general trend in
Europe during the agricultural industrialisation.
These changes have been triggered by a development
of new agricultural technology that allows more
effective farming over larger areas (Ruuska and
Helenius 1996; Fjellstad and Dramstad 1999; van
Eetvelde and Antrop 2004).

One of the most noticeable landscape changes at
Ornes is the decrease in arable fields in areas with the
highest production capacity, giving way to

intensively managed grassland, orchards and horti-
cultural production (raspberry). Similar changes are
reported also from other parts of western Norway
(Lundberg and Handegard 1996; Austad and @ye
2001) as well as in other European countries (Pep-
pler-Lisbach 2003; Bender et al. 2005b). In more
intensively managed agricultural areas arable fields
are today used for fodder crops (Bakker 1989; Bender
et al. 2005a), because of the tendency for husbandry
to become an indoor activity (Bender et al. 2005a).
The arable fields have gone through many changes
since land consolidation, reflecting which agricultural
production that gave the best economy for the farmer,
be it grain, potatoes, vegetables, fruits or raspberry.
Fruit growing started between 1940 and 1950, and
raspberry production in the late 1960s. By 2002, a
large proportion of 1865 arable fields and grasslands
were abandoned. As shown also in other studies (Ihse
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1995; Pirtel et al. 1999; Bender et al. 2005b), the
fields that are most demanding to cultivate (wet, dry
or distant from farm house) are the first to be
abandoned. The localisation of abandoned areas to
the outermost parts of the area does, however, also
coincide patterns of natural productivity; production
capacity tends to be lower in the fringes of the
infields.

Another distinct pattern of land-cover change is
that the area occupied by field boundaries and
remnants is doubled from 1865 to 2002, even though
the number of patches is greatly reduced. This is in
contrast with the general trend reported from Europe
(Ihse 1995; Benton et al. 2003; Luoto et al. 2003;
Hietala-Koivu et al. 2004). The divergent pattern at
Ornes is explained by an increase in width of field
boundaries, resulting from the use of modern
machinery unable to cut the grass close to for
example dry-stone walls (Hamre and Austad 1999).
The splitting up of the former clustered hamlet also
contributed strongly to the altered landscape struc-
ture. Following the 1865 land consolidation the
farmers moved their houses to their new land
property, resulting in several farmyards today.

Semi-natural grasslands with long continuity

Our results show that the subgroup semi-natural
grassland with continuity since 1865 represents a
very small proportion (5.2%) of the present land use.
Furthermore, most of these are abandoned or in
danger of being abandoned, in accordance with the
general trend in Europe (Myklestad and Setersdal
2003; Dutiot et al. 2004; Poschlod et al. 2005).

Test results confirmed our hypothesis that semi-
natural grasslands with continuity from 1865 are
situated on areas with lower production capacity than
the mean for all areas that were semi-natural grass-
lands in 1865. This shows that the judgement of
production capacity performed in 1865 to a large
extent is still valid in 2002, and supports the
hypothesis that remnants of semi-natural grasslands
tend to be situated on steep or shallow ground not
suitable for modern machinery (Losvik 1988;
Cousins 2001). Topographic and edaphic factors
may also delay tree establishment in these sites,
stabilising them as semi-natural grassland remnants
(Bennie et al. 20006).
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The only other study we are aware of that have
used production capacity to explain land-cover
change is that of Bender et al. (2005b), in which a
general trend towards less intensive agricultural use
of areas with low production capacity was only partly
confirmed. Bender et al. (2005b) found that a large
proportion of areas with average production capacity
is maintained for arable use, while some areas, both
with higher and lower production capacity, were
converted to other land categories. On the other hand,
Cousins (2001) found that all semi-natural grasslands
left with a long continuity of management in an area
in Sweden were situated on shallow soils unable to
till; most likely with low production capacity. Our
result indicates that the production capacity on
cadastral maps may give important information about
potential localisation of semi-natural grasslands with
long continuity.

Man-made structures

Of the 121 man-made structures (dry-stone walls,
terrace walls and clearance cairns) existing at Ornes
in 2002, 58 were present also in 1865, but some of
them have changed by enlargement or partial
removal, seen by the detailed overlay analyses of
the two maps.

Clearance cairns and other man-made structures
have until recently been regarded as a result of
meadow clearance in the 19th century or other
modern activities, and not as traces of prehistoric
agriculture (Pedersen 1990; Widgren 1997). At Ornes
63 man-made structures still present in 2002 origi-
nated after 1865, and can thus be considered
‘modern’. Clearance cairns and terrace walls were
built in the 1930s during a process of clearing of
marginal areas encouraged by the Norwegian gov-
ernment (Almas 2002).

A lot of structures disappeared directly as a result
of the land consolidation process, but many were
probably lost due to farming intensification later on.
Still, 58 of the man-made structures date back to pre-
1865. These may represent a valuable source for
archaeologists (Pedersen 1990; Austad and @ye
2001), although the very oldest man-made structures
probably were situated close to the hamlet, and most
likely have disappeared. Our hypothesis that man-
made structures with continuity from 1865 occur on
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sites with lower production capacity than the mean
for all the man-made structures in 1865 was con-
firmed, just as the hypothesis that they are situated in
terrain steeper than the average. These findings
indicate that the structures persist mainly because
they have escaped intensification of agricultural use.
As man-made structures often are important constit-
uents of small biotopes, our results are in accordance
with observations that small biotopes have had the
greatest decline in metres and numbers in flat
productive areas (Skénes 1990; Thse 1995; Ruuska
and Helenius 1996). At Ornes several of the removed
structures are small clearance cairns in relatively flat
areas that today are intensively managed meadows.

The hypothesis that the remaining man-made
structures with continuity since 1865 are situated
further from the hamlet than the mean was in 1865
was not confirmed, even though there is certainly a
connection between abandonment and man-made
structures, and abandoned areas in general are located
in the outermost parts of the study area. One
explanation for the non-significant result is that the
hamlet in 1865 was split, and new farmyards were
established. Thus, the distances from the new farm-
yards would have been more relevant to include in
the analyses than the distance from hamlet. On the
other hand, most farmyards are situated in the central
parts of the study area. The non-significant result may
therefore reflect the restricted opportunities for
intensification in the study area.

As a conclusion; major changes have taken place
in the Ornes landscape during the last 137 years.
These changes have practically divided the landscape
in two; cultivated grasslands, orchards and horticul-
ture areas in the centre of the area, and semi-natural
and abandoned areas situated more peripherally.
Maintenance of historically important areas like
Ornes with its stave church requires thorough
knowledge of the landscape and its history. Informa-
tion about the history of a landscape is important for
understanding the present landscape, its development
till today, and for proper management in the future.
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