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Abstract: Many landscapes bear the marks of 
historical land use. These marks can be the basis for a 
reconstruction of a historical land use structure as 
some of them are typical of different types of human 
activity. The aim of this paper is to determine whether 
Austrian cadastral maps from the 19th century 
present the image of the most transformed 
environment in the Western Carpathians as a result of 
agricultural activity. Land use structure and terrain 
forms were detected based on Austrian cadastral 
maps from 1848, airborne laser scanning and field 
studies. In two of the test areas, the percentage of 
arable fields was higher among the plots with stone 
mounds than the percentage among the plots without 
them. In the third test area, the relationship was 
reversed. Also, lynchets, terraces and stone walls 
sometimes occur in plots that were not arable fields in 
1848. Thus, the Austrian cadastral maps from 1848 
could not reflect the maximal range of arable fields in 
the Carpathians in the 19th century. However, it is 
impossible to determine the historical structure of 
land use precisely. Nevertheless, an inventory of 
terrain forms can be used to assess land use when 
historical maps have not preserved or when available 
maps do not present land use in detail. 
 
Keywords:  Land abandonment; Historical land use; 
Airborne laser scanning; Anthropogenic landforms; 
Stone mounds; Stone walls  

1    Introduction  

Many landscapes bear the marks of historical 
land use worldwide (DeFries et al. 2004; Myga-Piątek 
2015). Abandoned areas preserve traces of former 
human activity for a long time as they have not been 
transformed in the course of further use (Wolski 
2009). The effects of past land use are visible in the 
landscape (Munteanu et al. 2015) and can persist for 
decades (Wallin et al. 1994) or even centuries 
(Boucher et al. 2013; Thompson et al. 2013). These 
traces in abandoned mountain areas include different 
terrain forms and object and were a subject of studies 
conducted among others in New England (Johnson 
and Ouimet 2016), Italy (Manenti 2014), Ireland 
(Hollingsworth and Collier 2020), Czech Republic 
(Duchoslav 2002) and Poland (Wolski 2016; Duma et 
al. 2020). These terrain forms and objects can be 
treated as an indicator of former land use. Thus, they 
can be the basis for a reconstruction of a historical 
land use structure as some of them are typical of 
different types of human activity. The forms that are 
typical of land cultivation include terraces, lynchets, 
stone walls and mounds. A terrace is a piece of sloped 
plane that has been cut into a series of successively 
receding flat surfaces or platforms, which resemble 
steps, for the purposes of more effective farming 
(Tarolli et al. 2014). A lynchet is a boundary between 
neighbouring plots perpendicular to contour lines and 
made of ploughed, fine rock material. When there was 
a lot of this rock material, stone walls were developed 
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(Duma et al. 2020). In some cases, this material was 
laid in stone mounds located on the plot boundaries 
or even within plots (Latocha et al. 2019). On the 
other hand, the only forms typical of mountain 
grazing that have survived are a few small hollows, 
usually oval, formed by shepherds due to the 
deepening of natural springs or bog springs (Wolski 
2016). This different origin of the anthropogenic 
forms makes it possible to distinguish varying land 
types based on them. 

Research on changes in land use over time has so 
far been based mainly on archival cartographic 
materials. Although the basic principle of this type of 
analysis is the use of information sources for 
verification, such as archival research, vegetation and 
soil research etc., these sources have not been used on 
a large scale so far, and archival maps remain the 
primary source of information (Yang et al. 2014). This 
is because only maps can be referenced to specific 
locations to make measurement possible (Nieścioruk 
2013). On the other hand, the multidisciplinary 
research helps make the assessment of land use more 
credible (Machar et al. 2017). 

Among all the available historical cartographic 
materials, cadastral maps are the best because they 
are the most accurate data source (Fojert et al. 2020). 
The availability of cadastral maps and their 
processing in land use studies, land tenure 
reconstructions and various landscape and ecological 
research, ranges from regions in Germany, Italy, 
Nordic countries, and Central Europe to the USA 
(Bender et al. 2005; Agnoletti 2007; Hamre et al. 
2007; Bičík et al. 2001; Kein and Baigent 1994). In 
Central Europe, Franziscean (Stable) Cadastre is a 
representative example of the information-rich old 
cadastral apparatus that stands as a source of 
significant importance for land-use change research 
(Forejt et al. 2020). The cadastre was produced for 
the former Austrian Empire between the year 1817 
and the 1880s and covers at least partly the 
contemporary area of Czechia, Slovakia, Austria, 
Poland, Slovenia, Hungary, Ukraine, Croatia, 
Romania, Bosnia, and Serbia (Feucht 2008). Due to 
its indisputably wide spatial extent and variety of 
spatial and non-spatial information, this particular 
data source is attracting increasing attention for a 
variety of purposes ranging from the research of 
LULC change through the reconstruction of river 
channels or slope movements and loss or persistency 
of particular land use classes to localisation of 

abandoned settlements and mining sites (Dolejš and 
Forejt 2019). The demands of land administration 
and tax collection also challenged the accuracy of land 
surveys to improve significantly (Forejt et al. 2018). 

Nevertheless, it should be emphasised that 
archival maps refer to a single time section in the past, 
which contrasts with the dynamically evolving 
landscape (Yang et al. 2014). Hence, maps do not 
show information on land use between particular time 
sections presented on consecutive maps. Thus, the 
course of land use changes between consecutive time 
sections can only be interpreted, which is associated 
with uncertainty as to the correctness of inference 
(Wolski 2012). The second problem in the analysis of 
land-use changes is connected with the detail of the 
maps. Archival maps analysis to infer land use is 
subject to uncertainties as the quality of recognition 
depends on the expertise in map interpretation and 
visual perception (Brus et al. 2018). Uncertainty is a 
crucial aspect of a proper map processing effort 
aiming at land use changes analysis (Leyk et al. 2005; 
Kaim et al. 2014). Not all historical maps contain 
information about land use, but sometimes only land 
cover information. Furthermore, these data are of a 
very general level (e.g., they distinguish only forest 
and non-forest areas), making it impossible to analyse 
the changes in land use in detail (Sobala et al. 2017). 
In such a case, it is necessary to look for other, 
supplementary data that can be used to verify the 
content of the archival maps (Plit 2006). Moreover, 
such additional data may enable the reconstruction of 
land use over time that is not represented on the map 
or in areas for which archival maps have not been 
preserved. This article covers areas for which archival 
maps have been preserved partially, but it is uncertain 
whether they represent the maximal range of 
historical agricultural land use. 

Forest range has been increasing slowly since the 
19th century in many developed countries. This 
increase has been a clear reversal of forest cover 
trends in the previous period of dominant 
deforestation, referred to as the forest transition 
(Mather 1992; Mather and Needle 1998). From the 
19th century, agricultural land was abandoned or 
purposefully converted to forests, reflecting the 
economic and social development of societies, 
changing population pressures, and national policies 
attempting to overcome the scarcity of forest products 
(Kozak 2010). These factors concern primarily the use 
of areas with unfavourable conditions or position in 
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relation to outlets (Mather and Needle 1998). 
Therefore, the increase in forest range may be the 
fastest in the mountains (especially in the highest 
parts), due to their often marginal location on a 
national scale and natural conditions which are 
difficult for agriculture. The processes of settlement 
and agricultural expansion arrive in the mountains 
last. Simultaneously, the reverse occurs first, before 
such changes are felt on a national or continental 
scale (Kozak 2004). As a result, landscapes of many 
mountain areas in developed countries were the most 
anthropogenically transformed in the 19th century as 
the highest parts of mountain areas were utilised. 

One example of a mountain area where forest 
transition occurred is the Carpathians (Kozak 2010). 
Research on changes in forest cover in the 
Carpathians has been conducted in Romania 
(Kucsicsa and Dumitrică 2019), Slovakia (Feranec and 
Ot’ahel’ 2008), Ukraine (Baumann et al. 2011), 
Hungary (Biró et al. 2012) and Poland (Kozak et al. 
2018). These studies were based on archival 
cartographical materials, and aerial and satellite 
images. They focused mainly on changes in forest 
range and concern large areas, sometimes even the 
whole arc of the Carpathians (Munteanu et al. 2014). 
Only a few studies have been conducted based on 
large scale cadastral materials from the 19th century, 
which addressed detailed LULC changes in the Polish 
Carpathians (Harvey et al. 2014; Bucała-Hrabia 2017; 
Kijowska-Strugała et al. 2018; Sobala et al. 2017). 
Only some of them concern terrain studies that aim to 
verify archival maps (Sobala and Rahmonov 2020). 
Generally, land use and land cover studies in the 
Carpathians mainly cover only the minimal range of 
forests in this area and do not analyse in detail the 
importance of agricultural land use structure for 
landscape transformation. Although land use in the 
19th century in the Carpathians has sometimes been 
analysed based on cadastral maps (Wolski 2007), 
these studies did not indicate whether the 
cartographic sources illustrate the most transformed 
landscape in historical times. 

The aim of this paper is to determine whether 
Austrian cadastral maps from the 19th century 
present the image of the most transformed 
environment in the Western Carpathians as a result of 
agricultural activity. The most transformed 
environment means the most deforestation and the 
utilisation of mid-forest glades for land cultivation. 
This study is an attempt to indicate whether the 

degree of transformation of the environment 
connected with land cultivation in the 19th century 
was greater than the land use visible on cadastral 
maps from this period. As far as agricultural activity is 
concerned, it is land cultivation that contributes most 
to the transformation of the environment. It is a 
significant factor affecting erosion processes. 
Increased soil erosion rates are directly associated 
with nutrient loss, which may reduce agricultural 
productivity (Bakker et al. 2007) and cause the 
eutrophication of water bodies (Istvánovics 2009). In 
some cases, advanced soil erosion stages, such as rill 
and gully erosion, can devastate entire areas, making 
them unusable for agricultural purposes (Kirkby and 
Bracken 2009). As mentioned above, land cultivation 
retains traces such as terrain forms that were detected, 
among others, in the Carpathians (Kroczak et al. 
2018). Contrary to land cultivation, mountain grazing 
has a smaller impact on the mountains' natural 
environment. Although overgrazing in some cases can 
cause negative results in an environment (Niu et al. 
2019), mountain grazing is a suitable way of using 
mountain land. It should be the dominant type of 
agricultural activity in such areas (FAO 2013). 

It must be emphasised that the maximal range of 
deforestation in the Western Carpathians connected 
with agricultural activity fell in the mid-19th century 
(Kozak 2010). This was connected with the so-called 
“land hunger” phenomena; overpopulation and poor 
economic conditions forced people to set arable fields 
at higher elevations and on sloping hills, although 
most sites were unsuitable for crops (Sobala et al. 
2017).  

2    Study Area 

The Carpathians form a major mountain arc in 
Europe, encompassing the Hungarian lowlands and 
forming a vast curve that stretches from the Danube 
close to Vienna to the Danube again between 
Romania and Serbia (Fig. 1). The area of the region 
exceeds 200,000 km2 (Kondracki 1989). The Western 
Carpathians stretch from the Low Beskids range of 
the Eastern Carpathians along the border of Poland 
with Slovakia toward the Moravian region of the 
Czech Republic and the Austrian Weinviertel. This 
area comprises about 70,000 km2. The highest 
elevation is the Gerlachovský štít (2655 m asl.), 
located in the Tatra Mountains. However, besides the 
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region of the Tatra Mountains, this mountain belt 
covers areas of mid- and low-mountains, foothills and 
valley bottoms (Kozak et al. 2013). 

The Western Carpathians have been relatively 
densely populated since the Middle Ages. At the turn 
of the 15th and 16th centuries, Vlachs shepherds came 
to this area, founding new settlements at higher 
elevations and forming glades by slashing and 

burning the forest for sheep to graze (Jawor 2000). 
For this reason, humans have exerted a strong 
influence on land use and land cover in the highest 
parts of these mountain belts, leading to landscape 
opening. From the end of the 17th century until the 
mid-19th century, the expansion of buildings, 
meadows, pasturelands and arable fields occurred. As 
a result, settlements developed on some of the glades 
(Broda 1956). In the mid-19th century, mountain 
grazing started to collapse as a result of industrial 
development and the intensification of forest 
management connected with the Industrial 
Revolution. The abolition of serfdom and the 
stagnation in the sale of sheep products also had an 
influence. All these factors stimulated the 
afforestation of some mountain pastures and glades 
by the second half of the 19th century. However, in 
the whole Polish Carpathians, stabilisation of the 
forest area in the second half of the 19th century was 
quite a common phenomenon. Following this stage, 
the surface of mountain pastures and glades 
decreased. This process has continued up to the 
present day (Kozak 2010; Sobala 2018). 

The detailed study was carried out in the Silesian 
Beskids and Żywiec-Kysuce Beskids (the Western 
Carpathians). Two areas were chosen in these 
mountain ranges for historical land use 
reconstruction based on a historical cadastral map: 
the part of the Barania Góra range and the part of the 
Wielka Racza range (Fig. 1). They each occupy 45km2. 
The Barania Góra range is located in the eastern part 
of the Silesian Beskids, with an absolute altitude 
ranging from 516 to 1257 m asl. Areas situated 
between 700 and 1000 m asl. dominate (63%). The 
maximal slope is 46°, whereas the average slope is 
18.7°. The medium slope (10°-20°) predominates, 
occupying 50% of this area. Gentle slopes (<10°) 
occupy only 8.2%. The Wielka Racza range is located 
in the Żywiec-Kysuce Beskids, with an absolute 
altitude ranging from 595 to 1236 m asl. Areas located 
between 700 and 1000 m asl. dominate (78%). The 
maximal slope is 54°, whereas the average slope is 
17.8°. The medium slope predominates, occupying 53% 
of this area. Gentle slopes occupy only 10.7%. These 
two areas were chosen as their location in higher parts 
of the Western Carpathians means that they were 
abandoned first and the phase of afforestation in the 
Carpathians started in this type of area (Sobala et al. 
2017). 

Considering the above-mentioned environmental 

Fig. 1 Study area. A –Barania Góra Range, B –Wielka 
Racza Range. 
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conditions, both areas are characterized by 
unfavourable conditions to land cultivation, but there 
are appropriate conditions for grazing economy. This 
confirms the generally accepted view that mountain 
grazing should be the primary type of agricultural 
activity in the Western Carpathians (Kopeć 2000). 

In turn, four test areas were chosen to 
reconstruct a historical land use based on airborne  
laser scanning and field studies (Table 1): the 
Praszywka (B1) in the Wielka Racza range and the 
Radziechowska (A1) and Ostre (A2), and the south-
eastern slopes of Ostre (A3) in the Barania Góra range. 
These test areas differ in terms of former land use 
structure and altitude. They were chosen as they were 
all abandoned and have remnants of former human 
activity preserved. 

3    Materials and Methods 

3.1 Materials 

In this paper the following materials were used: 
Austrian cadastral maps from 1848 and a digital 
terrain model developed based on airborne laser 
scanning.  

The Austrian cadastral map scaled at 1:2,880 was 
used to reconstruct the historical land use. The 
minimal mapping unit was 25 square fathoms, which 
is equal to approximately 90 m2 (Forejt et al. 2020). 
The digital terrain model used in this study is a 
product based on LiDAR scanning (airborne laser 
scanning ALS) with a density of 4-8 points/m2. It was 
made in a flat rectangular coordinate system 1992 
with a 1 m × 1 m resolution and an average height 
error in the range of 0.2m. LiDAR point clouds were 
acquired within the national ISOK (Informatyczny 
System Osłony Kraju) project. The data were collected 
in a multi-return mode with a maximum of five return 
echoes registered for each emitted pulse and a field of 
view of less than ±25°. Secondly, the data were 
classified according to the American Society for 
Photogrammetry and Remote Sensing standards into 

ground (class 2), low (3), medium (4) and high (5) 
vegetation, buildings (6), low points (7), model key-
points (8), water (9) and others. This classification 
was performed automatically using the progressive 
densification filtering algorithm and subsequently 
followed by a visual inspection and manual correction 
of misclassified points (Meng et al. 2010). The pre-
processed LiDAR data were received from GUGiK 
(Główny Urząd Geodezji i Kartografii; the Head Office 
of Geodesy and Cartography). 

3.2 Methods 

3.2.1 Historical map analyses 

The research method used in this study consists 
of the following stages, which are shown in Fig. 2. 

The analogue historical cadastral maps were 
scanned and, consequently, georeferenced in two 
steps, which consisted of: (i) calculating the 
transformation matrix and carrying out proper 
geometric transformation; (ii) interpolation 
resampling of a distorted image to a new raster of 
regular size (“rubbersheeting”). Such a two-step 
process allowed for higher georeferencing accuracy, 
which ensures the quality of the results obtained 
(Affek 2013). These maps were overlaid onto a grid 
with a size corresponding to the map frame size using 
affine transformation and the coordinates of the 
frame corners. Rectification was then carried out and 
its precision verified by estimating the root-mean-
square error (RMSE), which was < 4.91m for each 
map sheet. Then, the historical local reference system 
was transformed into the contemporary, flat 
rectangular coordinate system 1992. This step 
involved the application of a simplified Helmert 
transformation with three parameters (dx, dy, dz) of 
the shift in the coordinate system origin using the 
inverse Molodensky formulas (Affek 2013). Then, 
screen digitalization was conducted using the 
snapping method. Errors are usually generated during 
this operation, e.g., duplicating arcs, floating or short 
lines, overlapping lines, overshoots and undershoots, 

Table 1 Characteristics of test areas 

Test area Geographical coordinates Altitude  
(m asl) 

Slope (0) 
Dominant 
aspect Range Mean Standard 

deviation 
A1 Radziechowska 49°37'44''N; 19003'14''E 917-1044 0.0-45.2 14.6 6.3 N, S
A2 Ostre 49°39'01''N; 19°03'40''E 789-945 0.0-45.0 14.6 5.4 SE
A3 Slopes of Ostre 49°39'10''N; 19°04'40''E 559-783 0.1-53.2 21.7 6.6 SE
B1 Praszywka 49027'19''N; 19°02'22''E 810-1044 0.1-44.3 17.0 4.5 SE, N
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unclosed and weird polygons (Maraş et al. 2010). A 
topology construction tool was used to detect and 
eliminate these errors. Screen digitization was 
combined with the creation of a database of land use 
and land cover forms. 

Consequently, the land use analysis was 
conducted based on digitalized cadastral maps. The 
vector map prepared in this way was used to conduct 
detailed analyses of the historical land use in terms of 
altitude above sea level, slope inclination and aspect. 
The V_LATE add-on of the package ArcGIS® ver. 
10.8 was used, which allowed the landscape land use 
structure to be calculated. The land use structure 
analyses were conducted for the entire study areas 
and for four test areas. Analyses for the entire area 
allowed the relation between land used and 
topographical relief to be assessed. In turn, analyses 
for the test areas formed the basis for a comparison of 
land use structure with occurrence of terrain forms. 

3.2.2 Terrain forms detection 

The analyses of digital terrain model (DTM) were 
carried out simultaneously. This model was used to 
detect anthropogenic terrain forms connected with 
agricultural activity such as lynchets, terraces, stone 
walls and stone mounds. To improve the effectiveness 
of DTM interpretation, several visualization 
techniques were used: multiple hill shading (MHS), 
principal component analysis (PCA), sky-view factor 
(SVF), local relief model (LRM), positive openness 
(OPP) and negative openness (OPN) (Kokalj and 
Hesse 2017). Despite many visualization techniques, 
final detection and verification of anthropogenic 

terrain forms can only be performed directly during 
field studies (Affek 2016). Hence, the last stage of the 
studies was terrain inventory of these forms and 
verification of the results of the DTM interpretation. 
Primarily, the terrain inventory of stone mounds was 
conducted as it is impossible to distinguish them 
unambiguously based on DTM from other point 
objects such as branch piles (Affek 2014). The linear 
anthropogenic terrain forms detected based on DTM 
were verified during field studies. To this end, a GPS 
receiver GPSMAP®66i was used. Stone mounds as a 
point object were detected using point marking, 
whereas to detect linear forms, the LiveTrack tool was 
used. It must be emphasised that not all existing 
terrain forms can be clearly identified based on DTM 
visualisations. Similarly, without identifying these 
forms based on DTM visualisations, it would be 
difficult to recognize them during field studies. Due to 
secondary forest succession in abandoned glades, 
some of the forms are masked by vegetation, and 
reaching some parts of the glades is very difficult, 
sometimes even impossible.  

3.2.3 Comparison of range of arable fields and 
terrain forms 

Following the above-mentioned stages, the range 
of arable fields was compared with the occurrence of 
anthropogenic terrain forms. As far as stone mounds 
are concerned, data was analysed with an R 4.0.2 
statistical package (R Core Team 2020). Exploratory 
analyses indicated a small number of occurrences of 
some of the plot types in the test areas. Thus, the 
dependent variable, plot type, was recoded into two 

 
Fig. 2 Schematic diagram of the research procedure. MHS – multiple hill shading, PCA – principal component 
analysis, SVF – sky-view factor, LRM – local relief model, OPP – positive openness, OPN – negative openness. 
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categories: arable fields (AF) vs other types. Stone 
mounds as a predictor were also dichotomised to zero 
vs more than zero because the distribution was highly 
right-skewed, and zeros constituted 59% of the 
observations. The distribution of the plot area was 
also highly right-skewed and in the remaining 
analyses it is always presented after logarithmic 
transformation. 

Continuous variables are summarised with 
median (Me) and inter quantile ranges and for the 
categorical variable counts and percentages are 
presented. To model the relationship between the 
dependent variable and predictors, a series of 
Bayesian logistic regression models were used. The 
best model was determined based on the leave-one-
out information criterion (LOOIC), with lower LOOIC 
indicating a better model fit (Vehtari et al. 2017). 

In Bayesian statistics, the inference is based on 
the posterior distributions of a parameter (e.g., 
regression weight). The posterior is usually 
summarised with a mean and 95% credible interval 
(95% CI). If the 95% CI excludes zero, the parameter 
value can be considered statistically credible. The 
models were fitted using brms package (Bürkner 
2017). The prior for regression weight on logit scale 
was set to normal (0, 5), assuring uniform coverage of 
the probabilities. Six parallel chains with 4000 
iterations (including 2000 for warmup) samples were 
used to approximate the posterior. To reduce 
autocorrelations in the resulting chains, every tenth 
iteration was recorded, resulting in 1200 recorded 
samples. The sampling procedure was efficient as it 
was evaluated with a visual inspection of the 
posteriors, chains, autocorrelations plots and R-hats 
< 1.01. 

Other terrain forms, such as terraces, lynchets 
and stone walls, were not statistically analysed as not 
all existing linear terrain forms can be clearly 
identified based on DTM and field verification (the 
reason for this has been explained above). Thus, in 
this case, only descriptive analyses were conducted. 

4    Results 

4.1 Land use structure in 1848 

Both study areas are mainly covered with forests; 
however, the forests in the Barania Góra range cover a 
higher surface area than in the Wielka Racza range 

(82% and 69%, respectively) (Fig. 3). These study 
areas are different in terms of their former 
agricultural use. The Barania Góra range was used 
mainly for mountain grazing and mowing (88% of 
agricultural land), whereas the Wielka Racza range 
was used mainly for land cultivation (68% of 
agricultural land). However, it must be emphasised 
that 57% of the agricultural land in the Wielka Racza 
range was used as alternate-fallow land. 

In both study areas, arable fields also occurred 
above 1000 m asl. However, the higher the altitude, 
the lower the cover of arable fields. The share of 
surfaces used for land cultivation was higher in the 
higher parts of the Wielka Racza range than in the 
Barania Góra range. The slope inclination also 
influenced the land use structure as the gentler the 
slope, the more agricultural land occurred. 
Nevertheless, arable fields also occurred on steep 
slopes (>20°). The aspect did not influence the 
location of agricultural land. 

All analysed glades located in the Barania Góra 
range were mainly covered with pastures and 
meadows (Fig. 4). In the A1 and A2 test areas, there 
were both pastures and meadows, whereas in A3, 
there were only pastures. Nevertheless, arable fields 
also occurred, constituting about 20% of the 
agricultural land in the A2 and A3 areas. There was 
only one small arable field in A1. Contrary to in the 
Barania Góra range, alternate-fallow lands dominated 
in the B1 test area located in the Wielka Racza range 
(87% of agricultural land) (Fig. 4). 

4.2 Relationship between arable fields and 
terrain forms 

1138 stone mounds and over 530 anthropogenic 
linear terrain forms and objects, such as terraces, 
lynchets, stone walls and remains of cart roads, were 
inventoried (Fig. 5). Stone mounds are located in 
three out of the four test areas: A2, A3 and B1 (Fig. 6) 

Exploratory analyses indicated the complex 
relationship between plot type, stone mounds, plot 
area, and test area (Fig. 7). In the A2 test area, 13 out 
of 30 plots with stone mounds (43%) were arable 
fields, whereas only 14 out of 56 plots without stone 
mounds (25%) were arable fields. Similarly, in the B1 
test area, the percentage of arable fields was higher 
among the plots with stone mounds (79/100, 79%) 
than the percentage among the plots without stone 
mounds (24/70, 34%). In the A3 test area, the 



J. Mt. Sci. (2021) 18(8): 2184-2200 

 2191

  

 
Fig. 3 Land use and agricultural land structure in 1848: the Barania Góra Range (A), the Wielka Racza Range (B). A1, 
A2, A3 and B1 – location of glades with field studies and LiDAR analyses. 
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relationship was reversed, with a higher percentage of 
arable fields among plots without stone mounds 
(2/12, 17%) compared to the percentage of arable fields 
among plots without stone mounds (49/77, 64%). The 
median plot area was noticeably higher in the plots 
with stone mounds, as compared to the plots without 
stone mounds in all three regions (Fig. 7, middle 
panels). Additionally, the median plot area was higher 
for the arable fields, as compared to other plot types, 
especially in the B1 region (Fig. 7, lower panels). 

The relationships between the test area, stone 

mounds and plot area suggest that the relationship 
between one of the predictors and the plot type may 
depend on the values of other predictor(s) (i.e., the 
predictors may interact). To determine which 
interactions are essential to adequately model the 
probability of a plot being an arable field, nine models 
with different combinations of main effects and 
interactions were matched to the data. The simplest 
model with the lowest LOOIC value consisted of an 
interaction of the test area and stone mounds and the 
main effect of the plot area (Appendix 1). This means 
that the relationship between stone mounds and plot 
type varies between test areas, whereas the 
relationship between plot area and plot type may be 
assumed to be the same for all test areas and plots 
with and without stone mounds. 

Summary of the best fitting Bayesian logistic 
regression is presented in Table 2. The main effect of 
the plot area is straightforward: the probability of a 
plot being a field increases as the plot area increases 
(Fig. 8, left panel). The regression coefficients of the 
stone mounds and test area reflect sum-to-zero 
contrast coding and are not of direct interest, 
especially in the presence of credible interaction 
between the two predictors. To investigate the 

Fig. 4 Agricultural land structure in selected glades in 
1848: A1 – Radziechowska, A2 – Ostre, A3 – Slopes of 
Ostre, B1 – Praszywka. 

 
Fig. 5 Anthropogenic terrain forms: a) stone mound, b) stone wall, c) lynchet, d) terraces. 
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interaction, a post hoc analysis was conducted in 
which the odds of a piece of land being a field were 
compared between plots with and without stone 
mounds, separately for each test area (Table 2, post-
hoc section). Additionally, the posterior conditional 
probabilities of a plot being an arable field as a 
function of the presence of stone mounds and test 
area are presented in Fig. 8 (right panel). In the A2 
test area, plot type probability was not credibly 
related to the presence of stone mounds. In the B1 test 
area, the chances of a plot being an arable field were 
credibly higher for the plots with stone mounds, as 
compared to the plots without stone mounds. In the 
A3 test area, however, the chances of a plot being an 
arable field were credibly lower for the plots with 
stone mounds, as compared to the plots without stone 
mounds. 

There are three types of linear anthropogenic 
terrain forms: lynchets, terraces and stone walls. 
Lynchets often have the form of stone walls. They are 
located in three out of the four tested areas (Fig. 9). 
They do not occur in A1 as there was only one small 
plot used as an arable field. In A2, lynchets and 

terraces occur mainly in plots that were used as arable 
fields in 1848. There are only few linear forms that 
occur in plots that were meadows in 1848. In A3, 
much more linear forms occur outside arable fields 
distinguished on the map from 1848. What is more, 
they have the form of stone walls that do not occur in 
other test areas. The highest number of linear forms 
occur in B1. They are located solely in plots that were 
used as alternate-fallow land. However, not every plot 
of this type has linear terrain forms. 

5    Discussion 

5.1 Land use reconstruction 

The degree of transformation of the environment 
connected with land cultivation in the Carpathians in 
the 19th century could be greater than the image 
visible on cadastral maps from 1848. The results show 
that stone mounds connected with land cultivation 
also occur in plots that were not utilised as arable 
fields in 1848. This location of stone mounds may 
indicate that a particular plot used as a pasture or 
meadow in 1848 could have been used as an arable 

Fig. 6 Location of stone mounds (so called krudy). 

Table 2 Results of the Bayesian logistic regression with 
land type as dependent variable 

Model coefficients
Land type

β SE 
95% CI

Arable fields (1) vs. 
Other (0) 2.5% 97.5%

Intercept -0.47 0.18 -0.86 -0.12
Test area[1] -0.41 0.23 -0.87 0.03
Test area[2] 0.72 0.21 0.32 1.17
Stone mounds 0.35 0.21 -0.03 0.79
Plot area 0.74 0.17 0.43 1.1
Test area[1]:Stone 
mounds -0.51 0.23 -0.97 -0.05 

Test area[2]:Stone 
mounds -0.96 0.22 -1.42 -0.57 

Post-hoc
Stone mounds Test area OR 2.5% 97.5%

Present / Absent 
A2 1.37 0.39 3.03
A3 0.03 0.00 0.12
B1 3.34 1.12 6.65

Prediction accuracy 71%     

Notes: β – regression weight on the logit scale, SE – 
standard error of β, 2.5% & 97.5% - upper and lower 
bounds of the 95% credible interval. OR – odds ratio; 
for the OR to be statistically credible the 95% CI should 
exclude one. 

Plot area was entered after log and Z transformations 
and stone mounds and region were coded with sum-to-
zero contrasts. 
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field before or after that year. This is connected with 
the fact that stone mounds are terrain forms typical of 
arable fields (Wolski 2016). Thus, the range of arable 
fields could be greater than that presented in the 
cadastral map. However, the location of stone 
mounds on a meadow or pasture may also result from 
the deposition of stones on the plot border. As a result, 

these forms could be located on an adjacent plot used 
in a way other than land cultivation, so as not to 
reduce the cultivation area (Latocha et al. 2019). On 
the other hand, the analysis of the location of stone 
mounds indicates that such a situation was not 
frequent in the study area. This may be associated 
with the different ownership of the neighbouring plots 

 
Fig. 7 Relationships between plot type, plot area and stone mounds in each test area. Lower and upper boundaries of 

the box are first and third quartile, respectively. Bolded horizontal line in the middle of the box shows the median. 
 

 
Area (a)                                                                        Test area 

Fig. 8 Conditional effects. Left panel: mean posterior probability of a plot being an arable field as a function of plot 
area (red line). The thin blue lines show a lower and upper bound of a 95% credible interval. Right panel: mean 
posterior probability of a plot being an arable field (points) as a function of test area and the presence of stone 
mounds. The vertical lines show 95% credible intervals. 
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and the lack of consent to deposit stones. 
While in the case of the A2 and B1 test areas, 

plots with stone mounds were more often arable lands 
in 1848 than plots without stone mounds (79% and 
43%, respectively), this relationship was reserved in 
the A3 test area. The inventory of terrain forms in this 
area indicates that numerous stone walls were placed 
along the plot borders. Therefore, it can be concluded 
that, in this area, the stones from the arable fields 
were deposited mainly in the form of walls, not 
mounds. These forms are much more numerous in 
the A3 area than stone mounds. Furthermore, in these 
areas, far more linear forms occur outside arable 
fields distinguished on the map from 1848. This 
shows that the range of arable fields here could be 

much wider than presented on the cadastral maps. 
The location of this area could also confirm this 
statement. Among all the test areas, the location of A3 
is the nearest to villages and simultaneously at the 
lowest altitudes. This, despite the steep slopes, makes 
this area the most suitable for land cultivation from 
all the analysed test areas (proximity to village’s 
buildings and a dense network of relatively well-
maintained roads facilitating access to plots) (Jabs 
and Affek 2019).  

It should also be noted that, according to the 
cadastral map, one plot used as an arable field was 
also located in the A1 test area. However, the remains 
of land cultivation have not been inventoried in this 
area. This could be for two reasons. Firstly, the land 

 
Fig. 9 Linear anthropogenic terrain forms connected with former agricultural activity: lynchets (red lines) and 
terraces or stone walls (white lines). For the meaning of the abbreviation, see Fig. 2.  
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cultivation on this plot may have been carried out for 
too short a period. Thus, terrain forms connected with 
this activity were not developed. Secondly, this part of 
the test area is now covered with forest that may mask 
small landforms. As was indicated above, not all 
existing terrain forms can be clearly identified based 
on ALS and field studies. Due to secondary forest 
succession in abandoned glades, some forms are 
masked by vegetation, and reaching some parts of the 
glades is very difficult, sometimes even impossible. 
Mountain areas are particularly difficult to analyse, 
which is connected with the considerable relative 
heights and the presence of vegetation (Hyyppa et al. 
2005; Stereńczak 2010). Low and dense vegetation 
was identified as problematic for ALS application in 
terrain form detection i.a. by Crow et al. (2007), 
Gallagher et al. (2008) and Banaszek (2020). 

The problem of the inventory of terrain forms 
during fields studies mainly concerns linear objects 
because dense vegetation often makes it impossible to 
measure the entire form. It is often only possible to 
record information about the location of fragments of 
such forms, not about their length. ALS provides 
greater possibilities in the inventory of linear forms. 
Nevertheless, the effectiveness of interpretation of 
different DTM visualisation techniques differs, and no 
method enables the detection of all linear terrain 
forms (Doneus 2013). In turn, point forms are not 
difficult to inventory during field studies as they can 
most often be clearly defined. However, they are 
difficult to identify unequivocally from ALS data. 
Hence, it should be emphasised that the inventories 
based on ALS data and field studies are 
complementary (Affek 2014). This difference in the 
possibilities of the inventory of terrain forms 
influenced the methods of analysis used in this paper. 
Point terrain forms that were detected with a high 
level of accuracy were analysed using statistical 
methods, whereas linear terrain forms, which are 
difficult to detect and measure unequivocally, were 
analysed only in a descriptive way. A different 
treatment of the point and linear terrain forms 
inventoried based on ALS was also used by Kiarszysz 
and Banaszek (2017). 

As there is no certainty that all existing remnants 
of human activity could be inventoried, it is 
impossible to reconstruct the former land use clearly. 
Some of the forms may have been destroyed (e.g., due 
to obtaining stone material as a building material) 
(Latocha et al. 2019). However, such situations have 

been observed sporadically in the test areas and are 
related to the adaptation of old sheds for recreational 
purposes in the A2 test area. Since it is a rare 
phenomenon in the study area, it has no significant 
impact on the results. 

The conducted statistical analysis also allowed 
the relationship between the occurrence of the stone 
mounds, the plots utilised as arable fields in 1848, 
and the plot's size to be established. It was found that 
the median area of the arable fields was noticeably 
higher in the plots with stone mounds than in the 
plots without stone mounds. Additionally, the median 
of the field area was higher for the arable fields than 
for other land types. This issue was not the aim of the 
study, but the obtained results open up further 
possibilities of verifying the content of cadastral maps 
and may constitute the subject of further research. 

5.2 Land use suitability 

The analysis of the land use structure based on 
the cadastral map allows us to state that this structure 
was far from a suitable state in the study area in 1848 
(Kopeć 2000). Although agricultural land was 
primarily located in areas with optimal natural 
conditions, along with the exhausting of favourable 
areas, less and less convenient areas were used. These 
were characterised by more steep slopes located in the 
higher parts of the mountains. The Barania Góra 
range was less managed by humans than the Wielka 
Racza range. Several factors could have influenced 
this. Firstly, it could have been caused by a 
morphological threshold between the Silesian Beskids 
and the Żywiec Basin. This threshold has always 
conditioned land utilisation and is still a 
communication barrier (Sobala et al. 2017). Secondly, 
the vast Żywiec Basin located in the vicinity of the 
Silesian Beskids is characterised by relatively good 
conditions for agricultural development. Thus, it met 
the inhabitants needs. In turn, the Wielka Racza 
range was more accessible to human activity. 
Simultaneously, in its vicinity, there are valleys of 
riverheads where the areas suitable for agricultural 
land use are much smaller than in the Żywiec Basin. 
As a result, the expansion of farmland on the slopes 
was more significant than in the Barania Góra range. 
In this area, it was common to use land in an 
alternate-fallow system. This system consisted of 
burning a tree on glades felled in winter and then 
seeding winter rye harvested for three consecutive 



J. Mt. Sci. (2021) 18(8): 2184-2200 

 2197

years. After this period, decayed stumps were dug up 
and burned to recultivate the soil. After the soil was 
overcropped again, clearings were left fallow and used 
as pasture until they were overgrown with bushes 
again. After this stage, the whole cycle was repeated, 
starting again with burning the bushes (Kopczyńska-
Jaworska 1967). This system of land use can be 
described as a human adaptation to harsh 
environmental conditions. It made land cultivation 
possible. 

The scarcity of land available for settlement, 
which resulted in the overpopulation of these areas, 
was one of the main driving factors contributing to 
the formation of the land use structure in the 19th 
century in the whole Carpathians. Since that time, 
changes in the land use structure have resulted from a 
combination of many man-related factors, including 
socio-economic changes (Kroczak et al. 2018). 
Relationships between land use and relief 
characteristics have been studied, e.g., by Štych (2011), 
Falťan et al. (2011), and Zgłobicki and Baran-
Zgłobicka (2012). A decrease in arable land, 
regardless of natural conditions for agricultural 
development, indicates that natural factors (slope 
gradient, elevation) are less critical than human-
related ones (Kroczak et al. 2018). 

Using ALS and field studies in historical land use 
research provides new insight on that issue. Similar 
conclusions were drawn by Stereńczak et al. (2020). 
They proved, based on ALS, that the extent of the area 
and the impact of human activities in the Polish part 
of the Białowieża Forest was substantially more 
significant than previously believed. Nevertheless, 
analyses of terrain forms in relation to historical land 
use are rarely documented in the literature (Pietrzak 
2002; Kroczak 2010; Kroczak et al. 2016). Affek (2015) 
also claims that airborne laser scanning gave a unique 
possibility to reveal a historic Carpathian landscape in 
abandoned areas. Terrain forms from the 19th 
century appeared to be very well preserved. This 
author emphasises that it is also relatively easy to 
distinguish old forms from modern ones, which are 
rather sparse and of a different shape. 

As far as minimal forest range in the Carpathians 
is concerned, Austrian cadastral maps probably show 
the highest deforestation range. Detailed research on 
that issue was conducted by Troll and Ostafin (2016). 
They proved that, from 1845 to 1898, the forest cover 
in Zawoja (Western Carpathians) was stable at its 
lowest level in the whole temporal sequence. 

Stabilisation of the forest area in the second half of 
the 19th century was quite common in the Polish 
Carpathians (Fierich 1950; Konias 2000; Kozak 2010). 
The phase of deforestation up to the 19th century was 
associated above all with the late formation of the 
villages and their spread to the higher and less 
accessible parts of the mountains. The phase of 
stabilisation lasted at least until the end of the 19th 
century; however, it might well have extended until 
World War II, which preceded the stage of forest 
cover increase which has continued until today (Troll 
and Ostafin 2016). 

Although detailed studies were conducted in only 
four test areas, the results provide new insight into 
land use structure in the Western Carpathians in the 
19th century. It is essential that the test areas differ in 
terms of land use, reflecting the different ways of land 
use in higher parts of the mountains in the Western 
Carpathians. Secondly, they are located at different 
altitudes (in the range of 550-1050m asl.), typical of 
most parts of the Western Carpathians. The Silesian 
and Żywiec-Kysuce Beskids are similar to other 
mountain ranges of the Western Carpathians in terms 
of the main features of the natural environment 
(altitudes, plant and climate zonation). A significant 
limitation in the possibility of carrying out the study 
was that the cadastral maps have not been preserved 
for a large area of the study area. In turn, this creates 
the need for alternative methods of study on land-use 
changes. 

6    Conclusions 

The degree of transformation of the environment 
connected with land cultivation in the Carpathians in 
the 19th century could be greater than the image 
visible on cadastral maps from 1848. This is 
connected with the fact that archival maps refer only 
to a single time section in the past and do not show 
information on land use between particular time 
sections presented on consecutive maps. It seems to 
be crucial while concluding about land use changes 
and the maximal level of human impact on the 
environment.  

It must be emphasised that it is impossible to 
determine the historical structure of land use 
precisely based on anthropogenic terrain forms. 
Nevertheless, this research gives new insights into the 
land use structure in the Western Carpathians in the 
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19th century compared to data obtained from archival 
maps. While determining the historical land use, all 
forms typical of land cultivation should be regarded 
simultaneously. The inventory of terrain forms in the 
study area indicates that the stones from the arable 
fields were deposited in the form of walls or mounds, 
depending on location. 

Not all existing terrain forms can be clearly 
identified based on ALS and field studies. These two 
methods are complementary. The problem of the 
inventory of terrain forms during fields studies 
mainly concerns linear objects because dense 
vegetation often makes it impossible to measure the 
entire form. By contrast, ALS provides greater 
possibilities in the inventory of linear forms. 
Nevertheless, the detection of all linear terrain forms 
is also impossible. In turn, point forms are not 
difficult to inventory during field studies as they can 
most often be clearly defined. However, they are 
difficult to identify unequivocally from ALS data. 

The historical land use analysis based on the 
occurrence of anthropogenic terrain forms using ALS 
and field studies allows the content of historical maps 
to be verified, which is postulated by the researchers. 
However, it should be noted that this is only one of 
many possible methods of verifying the content of 
archival maps. Comprehensive research should also 
include other methods, such as soil or botanical 
research, among others. Anthropogenic terrain form 
inventory can also be used for land use assessment 

when historical maps have not been preserved or 
when available maps do not present land use in detail. 
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